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ABSTRACT

This project provides details and informations in the designing and construction
of microprocessor-controlling artificial arm with five servo motors. The structure of the
artificial arm constructs from 2 parts which are the hand and the arm designed to work
collaboratively and both of their functionality will depend on the microprocessing unit
and the servo motor. Speaking of which, the functionality of the servo motor will be
resulted from the Visual basic and also the microprocessing unit in order to send the
control signal via microprocessor “ arduino uno r3” to the artificial arm unit and the
microprocessing unit will control the motion of every single limbs using the servo

motor to helps to communicate with humans in sign languages , eventually
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feguitlevihnsuileuuusadundsis (Third Revision) tiutes

uBNaNTULET Arduino UNO R3 189 fiutsgasaaniiiu 2 wuu auwinuesdy Microcontroller
4 1#uA Arduino UNO R3 wuusssuen 9¢l48UMCU wuu DIP (Dual Inline Package) Fududuideu
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Arduino UNO R3 Specification

Microcontroller

Operating Voltage

Input Voltage (recommended)

Input Voltage (limit)
Digital I/O Pins

PWM Digital I/O Pins
Analog Input Pins

DC Current per 1I/O Pin
DC Current for 3.3V Pin

Flash Memory

SRAM
EEPROM
Clock Speed
Length
Width
Weight

ATmega328P

5V

7-12V

6-20V

14 (of which 6 provide PWM output)
6

6

20 mA

50 mA

32 KB (ATmega328P)of which 0.5 KB used by
bootloader

2 KB (ATmega328P)
1 KB (ATmega328P)
16 MHz

68.6 mm

53.4 mm

25g
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Block Diagram
Figure 4-1. Block Diagram
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Pin-out
Figure 5-1. 28-pin PDIP

(PCINTI4/RESET) PC6
(PCINTI6/RXD) PDO
(PCINT17/TXD) PDI
(PCINTIS/INTO) PD2

(PCINT19/0C2B/INT1) PD3
(PCINT20/XCK/TO0) PD4

PC5 (ADCS/SCL/PCINTI3)
PCA4 (ADC4/SDA/PCINT12)
PC3 (ADC3/PCINTI1)

PC2 (ADC2/PCINTIO)

PC1 (ADC1/PCINTY)

PCO (ADCO/PCINTS)

R T Y ——

vee [ GND :::.

GND o4 AREF | L
(PCINT6/XTAL1/TOSC1) PB6 ] avee o e
(PCINT7Z/XTAL2/TOSC2) PB? 10 PBS5 (SCK/PCINTS) =..:m

(PCINT21/OCOB/T1) PD5
(PCINT22/OC0A/AINO) PD6
(PCINT23/AIN1) PD7
(PCINTO/CLKO/ICP1) PBO

PB4 (MISO/PCINT4)
PB3 (MOSI/OC2A/PCINT3)
PB2 (SS/0C1B/PCINT2)
PB1 (OCIA/PCINTI)

UM 2.6 uansaspin out 199 ATmega328P-PU



Header Sockets

| o ) N &4 a | 5 B %)

\Uu Socket Mdausoun91nu19e Microcontroller Fa3ssagnsavauuesuain Arduino 13

o Y A W A =l o w . o 1 '
dmiuseangllito¥urn Input viedsean Output lngardiLabel ffiunineiauPineg e ldzninse

nskieau 1 Header Socket azwisaanidu 3 na;uwﬁﬂ #9 Digital Pin, Analog in Pin wag Power Pin

Digital Pin

'
=l

\Wupindwivsunazdsdyarnndu Digital Taedl 2 @anug fa On (OV) w3e OFf (5V)
Analog in Pin

[ _ o o ot 1oal é [~

Wu Pin dwmsusuardgygiaiilu Analog
Power Pin

L7
=

\Uu Pin dmsuinelwliiugunsalsingg Fsaziivia 5V uaz 3.3V waz Vin lasvinagliaaanusiis

L] 1o

Fndiviniuliidesnain external power jack
USB Socket
THlumsieusieans USB iednlnanlusunsuasdy wazdglldifuuedn
External power jack
\Juresdwdu Power Adapter iilasalnannaeuen
LED
L pin 13(LED on board) {{u Led'ﬁ'agjwua%mﬁm%ﬂamusmsﬁﬂmu
ON: Power LED «Julwanuzuanslwidsvasuoda
RX,TX L@‘ulwLLamiwmzﬂlua%mﬁwa"&%’w%ada%’ay‘aaQ
Reset Bottom

\Uuludmiu Reset TusunsuuuuasaliingansyinaudnuazSuduvhalyldaususn
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Programming

Arduino Uno #1113039335un 1stusunsusing Arduino Software Tnsanunsaldlaisluszuuufn

N19 Windows , Mac OS X wag Linux

2.3, qﬂni:ﬁmiﬂumiﬁwa%ﬂ arduino(stand alone)

£ Arduino UNO R3 wian MCU uudh 1
# MCU ATmega328P 1

£ Crystal iniflaami 16.00 MHz 1

t&

anfunlsry 22 pF 2
. @207uniu 10 K Tawu 1
Protoboard 1

R AW dunlas ATWANMINUIEEL

YUADUN 1 : Burn Bootloader

5 &

Wuduneulumswasilalasoulysa 1ol awnsaldauiu Code 109 Arduino 18 Tng
Arduino UNO R3 1u 14 Microcontroller U ATmega328P dufiululasneulnsaiasivns Atmel us
ogqaniunliiae faglianseldiu Arduino 1# Swipaiing Bum Bootloader rauthies Ty
Microcontroller sy UNO R3 dausiusn agdin1s burn 1iogudn ualilasreulnsamesiuendasn

sirevn 2199z8eldle bumn wagBas s burn 13 faursarienansouldigusy

a e ) & o P A W
N3Burn Boothloader Aadwiululasnaulnsaiaeinialy n1sieslusunsuvdesulnan Code ag

14 o/

r L7 {23 dl = 1 d - LK) s -
vumtule avdeddiaseddusunsy vieonBeninasendsy widmsu MCU 984 Arduino Y58 MCU

=

] o = i : = o] o v '
uniu digalusunsuding wisiGent Firmware Sudulusunsuilazyimiig upload code Tal]

9

o s a = =l . & Y] v v 5 = 1o =l
ndudesfitnsondfu uavisnSen Firmware 13 Bootloader tiuiag gﬁ”bu Arduino sl ndudaed]

4 - 1 } 24 - 6 L7 1
13D UTU WalsAvedaa sy Bootloader asuuna MCU nau
YURBUNIS Burn Bootloader

1. #1D7995



2. Upload code waz Burn léas

ll‘;"....rr'l'.. .

.

FEeme s I
seew

e

v-u‘

11

= - | Y v
JUN 2.7 Msi¥oumeArduinouwuasn Stand alone

ngi319¢138n MCU UuArduino 91 MCU vah waziSen MCU vy Protoboard 91 MCU wvine (MCU

d o L7 = §
Naazlauis)

¥1M3 Upload Code Arduino ISP asu MCU mdnreu 5.8u Code #iagldlunts Burn bootloader 14

MCU tthwing Tnelufl Examples > ArduinolSp

Edit Sketch Tools Help

New Ctrl+N
Open... Ctl-0
Open Recent
Sketchbook

Examples

Close Ctrle W
Save Ctrl+S

Save As... Ctrl+ Shift+S

Page Setup  Ctrl=Shift+P
Print Ctrl+P

Preferences  Ctri+Comma

Quit Ctrl+Q

Built-in Examples
01.Basics »
02.Digital »
03.Analog ;
04.Communication »
05.Control L
06.Sensors »
07.Display 4
08.5trings L
09.Use »
10.5tarterKit_BasicKit »
[

11.ArduinolSP ArduinolSP

_

gU'ﬁ 2.8 N13Burn Booth loader
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_

finclude "Arduine.h

dundef SERIAL

#Sefine PROG_FLICKER trus

#17 defined (ARDUINO_ARCH AVE)

#1f SPI_CLOCK > (F_CPO ,/ 128)
#eTine USE MARTMARE SPI
fendif

| A (TIPS Upload Code ay MCU wdnlifuudou Taunm Upload
anasATuuuRIUng

g‘dﬁ 2.9 N15Burn Booth loader

o s vV = ¥ d } =
Y1115 Upload Code a3 MCU wanlisausey laeng Upload ngnasauuuaiuung

37 Be2ined AADOING_AACH_AVE)

#11 297 000 » (BEM / 138
Fise GIR_NAMCMARE_fF?
ot

:J‘Uﬁ 2.10 n1SBurn Booth loader

) < v : a <
MNUY Wasudseannis Upload 1Widu Arduino as ISP (@1niiiuazidu Parallel Programmer) \W®

P} ¢ N < as o
wWasuainuesa Arduino Tnaneiduinseadsu bootloader $9as11
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Fie fd4 Suntch Help
Auto Forman CuteT
Archae Shetch
Peduienitr Fa Encoding & Reload

#defice STKM  cogl Monitor e Shifte
taefice CCE  Sortot lottar Corte Shvte L
19 pulsefin Boud: "Asdina/C no® ;

4ifder DSE_E  Pert "COMS (Ardvino/Genuine Uno)" M

#1clude *897 s %

P Programmer *Arduing a3 159 g
Bum Booticader

#3elfine IPI_MOOED OmOO

clsss SMISettings |
ciock i in N2
SPISerzingsfuzntyl ¢ b, wist® t BitSrder, uistd v dataMode) i Felock){
(vuid) BitOrdes:
(vaid) dataMode;
F

gﬂﬁ 2.11 nM5Burn Booth loader

INUY NA Burn Bootloader uazsaaunssiaNIsidsutasadu MCU Whvinefess Bootloader taogly

#ales 1iason1s Upload Code Tniqludumeusialy

2.3.2 M511 MCU wuu Standalonelyld

9 =

WAaINTlA MCU uuu Standalone 1uda nasisazailuldals fagsealinismelnasdngiu 8n 2

2995 lown
o ) d
1.29957 W HnA1L
22995 LA84
129950 damnug

v £ o % o a 9 v 4
nmsldnulilasreulvsaws$inglu axsesiasesdudannudlifuiy mssanudd ssdy

mfmuadsnznsyhaukarmsiunaiiagees MCU

& o

wasiniamnud hifleslsdudou fgunsald

Crystal rifiaaué 16.00 MHz 10
éfulsey 22 pF 2

3U% 2.12 gunsalimunaisd

[

lagn1sth Crystal sloidniien 9 uaz 10 v99 MCU ATmega328P (Masulumuile s Crystal laid]

o

1) wanihduivusedudsyninsvia 2 9ee Crystal /U Ground
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27995 LA

2 PN

o w 1 d‘ L L qy o
HuBN9sidIftyun wsgnoudusinddn MCU ATmega328p Sulwidssldliiiu 5.5 v usly
UNASY 131e19RansTdRUIALS vanaquuuTvnmnld W 5V, 9 v vise 12 V gy S 1515
(3 =l < o w . 1 a < a e
Tudusieal IC Voltage Regulator iiashiausesulsilaiiAu 5 v LWNUsEANDAINGIFATD MCU uae

Jostumnudemeanluusaiuiy

& s

Ineiigunsasail

IC 7805 Voltage Regulator 167
fAulsey 0.1 uF 16
éAulse] 0.33 uF 161

=l « &
JUT 2.13 gunsalvaisesivifes

¥ ﬁ"aﬁmli&:afasLﬁmmmmﬁamazzmw;rﬁawanﬁiymwhﬁ?ﬁlﬁmﬂ

IC 7805 Voltage Regulator ¥vithiludatusasiuvd 990 5 - 35 V Wnanedunsiduvoon 4.8 - 5.2V 1iu

WBANNIN L5rEnTaldunassneldvainvatgseus 5 - 35 v

I e Y e L R A R e e 0
e e e e e e L B B " e e e
L A e L L I I I L B )
fe o8 9 e e A R A O LS ..
" " & 8 0 @ LN - L]
Fe & 9 o 9 9 9 L - - .
Fe & & @ 990 i —— ... — — I
Fe @& @ % 0 00 LN AN ]
PR e e e L v e S . e
" e e e '--'o . o|.
te e e LA TEeY we L N - L . .
re e e e e e "o e TP e E s R e e
Vin

wasindaanufuaziviidueuas MCU Arduino Standalone

U 2.14 aaesmsvhauuesn Stand alone v Tnlgueda
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2.4 Servo motor

f
-l

EUV] 2.15 Servo motor

waslnawes (Servo Motor) Lﬂuwaama%ﬁﬁmimUaumﬁm%auﬁﬂumﬁu (State) laanaziduy
ey A5 yun1svu Teeldnismueuuuuteundu (Feedback control) Jugunsaliianansn
mMuALATesdnINa vieszuunsviheuiug Whiulunueudesns AIUANATINNG
(Speed), muANLIITn (Torque), ATUANLSIAIUNLY (Position), szaxmq’luﬂmﬂ?{auﬁ(mu) (Position
Control) vassimianslel Fauawmesvhalyliiasnsamueasiugnuasaudeduls Tnsliuadwiauay

ﬁaamsﬁﬁmmuﬁueﬁqa

Uszinnvaawesliuawnes

Taevhesiaiiuaziedivesls lueSesdnsiumasnaswudy DC Servo Motor  fnnsld
n3esinsnagramNsIINNNT1 AC Senvo Motor Hpvnntrefiinusnmsmugunssiansuage iy
wisld  SCRs wadagiunsdamesliinuntnnuasalddnsonsyuagaiarldouiinnuils

o =l

09U Fvilbissuumunumaeduazssuumeshlsigninunldnuandy faunsouenyssnnveges

2/
=i

Taladsd
1. uewmesuinfisudssau

waslwewessilaiifanmesarSuuivinas dulswesdsldulsidunasrouiinnesise
nssualigueaInesees wileuruaduamesiily
2. woslhuawmesviafiliiuysag

woslwawmeslunguilussnaudeidiwesth (OC Brushless Servo Tmasvindsusivananis)
wiiwasTa (AC Servo) Failauuuddlasiairesls exddastimeesls (Mstdusatuiowmasunldvingy

seuutuLAdueslawmes) uay awvlasesliusiass
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lassafwvaswesluaines
v o w ' = e v v @ v
TennAsImlIvessEuUmURNEesh Adenisldruszdenduiuy Closed loopwindy msld
nussvumuAueshilisnsndenmuguuiuy Open loop Idwilousussuuduindoued (AC

Drives) N15AUAURIUDITIUUOSIY WU O8RS w3 wazsuvdsiinsuay  sglidulunny

ar = as

Ingusvasimnlbiiifygnadeundulusnduindeusesls

q

[ & L3 o <4 =3 o 3 <l o w
msmuaumaiaulussuvilgunsailiounduvdedulfnmes (Encoder) suifunumanudd U

'
s = ' =

stnduatioutuduvesyiuviiniiFonirvedeiuas fulaly Tumalfiadavinmeshusmesuany

=
[
=l

= 1 4

& g = & 1 L = a ltd
Anmes gnesnuuuuazndnadiuingiuludnvazduuiane (Package) &l Encoder finagaiuving

U

UDIUBLNDT

¥ =

Y9AVDY Servo motor L@

=i

- @wnsolidmesniige
- asawedouina g
- Tduiunismavauaausales
- fivarnuargvuialiiden (Wannd1 Stepper motor )
- Rov ldwmilou Stepper motor
- muAuliind? Stepper warhifinisazan
Ua1d8909 Servo Motor laun
— WN931 Stepper motor
- Lianansoviaulasmiseuauuuude
“

v o i 9 ) a [ <o v o '
- nesdimsguatlunismugu (@i Servo Milsiengenduvuitléiuiioadasia)

i dg v ¥ o o @ - i =
~ lunsdlfly DC motor Feelinsthsesnu essnudsadiuenadn

d2uUsznauvasServo motor

Output shaft

Servo horn Connector

@mm Cable

o
+

Mounting tabs

JUM 2.16 duisznaueas Servo motor



- Case #7619 %139 NSOUYBIF Servo Motor
- Mounting Tab d@wiudad Servo Aufiuay
- Output Shaft twandennas
- Servo Horns duliausiaiy Output shaft 1iead1analna
- Cable aeiiousiaiite 16l waz eauR Servo Motor sxUssnaudasasln 3 &y was u RC
Servo Motor axiifvesansunnansiulusei
o aeduns fie Ides (4.8-6V)
o a1 wie 1hana Ae n31e
o @wdmae (du 117 wied) Ao aededymie adAIuAN (3-5V)
- Connector Yaideusiaanslu

dquusznaunielu RC Servo Motor

U7 217 dwdsznaumeluServo motor

1. Motor Wudiuvesiuainas
2. Gear Train #3e Gearbox (JugaLievaus

3. Position Sensor u‘fJuL%wfuai’mmw"uﬁwLmuuﬁammamﬂumwyu

4. Electronic Control System (Uudnuiinunuuasyszanata

17
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Servo Motor Block Diagram

Servo Input —). Motor BN Gear Train
] :

g’dﬁ 2.18 Servo Motor Block Diagram

———> Servo output

#ANN15%11971U¥89 RC Servo Motor

dletnedaynasiadidungs RC Servo Motor da995AUAN (Electronic Control System)
nulu Servo vimsemkarsznananin NN awaTidai e udar s ums
aerniifoansli Motor muiedouilugasumisiu udrdsrdsluinsraunsld Motor mpilug
fiumiafisiosnis Tneil Position Sensor \WuiguiwainasTaruuil Motor fdamyu 1Tu Feedback

L = = L =Y < ¥ o 1 oA 1 2 [ o
naum'lﬁ’awswmﬂmﬂiaumaunumauwmLwamw]u‘l‘lﬂﬂm’nmmwmmm'ﬁawgﬂmmLL:.I‘ueJ"l

feyaynau RC Tugduuy PWM
# RC Servo Motor panuuunnlddmsusudidanin Remote Control fildeuauvesaudie

s = 1 -:: = o e v o as v L4 = o yi:l' at
WAINYALT) LU LATBITNNAY SaUTAU BeusAu Wudu §s Remote S1aniifininsuazulas
ANURIYeenulugUuuudyIa PWM (Pulse Width ModulationjyuvSoasmaziuegivainuning
vosda It Falasdruninanunirsweswagsilelu RC Servo Motor waglugia 1-2 ms %39 0.5-
s I 1 o |4 a s val s @
2.5 ms gNAIBEIATUNINNTAUARIUNINVBIFIUNAELIATA 1 ms &9 Servo Motor wvyulunny
Peugn lumanduiumnimusmiunevesdyaiaiadiia 2 ms # servo Motor vyuluds
° ' ' ° v s @ < @ 1
AIMUITIFA UAINAUURAINNTNUIF U eUNAEL37 1.5 ms 62 Servo Motor AL UL

AILNLIRTINATINDR

1 ms 1.5 ms 2ms

il SN §EEb

U 2.19 n1suyuves Servo motor
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ﬁ’aﬁgummﬁﬂﬁmumaqmmimumm RC Servo Motor lalaen1siieudn 19U RC Servo Motor @ansn
vapllel 180 a9 Tnwil 0 earnldirmuntraiadiiiu 1000 us 7 180 ssrmaruneadvRY 2000
us inszaziumAnlY 1 ssrnaglénnuniraiadeney (2000-1000)/180 Wiy 5.55 us
nnmsnAANuni1eiadiiyy 1 ssmdradu mndearmuali RC Servo Motor Uiy
45 p3rAsmAadfiFenslFaN 5.5 x 45 Wity 249.75 s Uiy 0 earsiSuiruniraiad
1ms %38 1000 us ns1EaztiuALN a7l muali RC Servo Motor wyulufl 45 oaen e 1000

+ 249.75 Wwihnuuseuie 1250 us

1.250 ms

SR

UM 2.20 n1smyuves Servo motor

Tﬁ'm‘uqu RC Servo Motor 28 Arduino
b = < o [V % " v d fd o o v

Arduino Hlausn3dmsudsnu RC Servo Motor m‘[ﬂmmagumLUuﬁan‘zjumLsagULLaﬂ‘u

swladrelumiiniulad http://arduino.cc/en/reference/servo leldoyalidn Servo Library vos
. & v & ) o <l ' = @ '

Arduino #11130:497U RC Servo Motor lsiisuuumuulu-nduld 0-180 o9 (ingndwnusieta
41901) wazwuuAeillasuyuasuseuldisanindy Continuous Rotation Servo @alurrvneunainy
gnaiaiudy) lngamnsnsesiunisifionsis RC Servo Motor 15 12 fnuuesa Arduino UNO

WarIIiuggaie 48 dnnlduoin Arduino Mesa

ﬁ«iﬁ%"umﬂ'lu Servo Library
- attach()

- write()

- writeMicroseconds()

- read()

- attached()

- detach()
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attach()
Description

Foftaiduiildlumssinunundayaai Servo Motor siafu Arduino wagfmuaaal
N19veIRAg7 0 aeruas 180 o
Syntax

Servo.attach(pin)

Servo.attach(pin,min,max)
Parameters

Pin: Ale 9ndyayInive4 Arduino 7ilideusaiiu Servo Motor

Min: fie AuATavesiatii 0 asmwes Servo fldluminglalasiund (us) Tne
Unfudamnladfimssernlusunsuasmundnl37 544 us

Max: Al Auniisueaiadil 180 sarmues Servo dildlumihelulasiud (us) Tng
Unfudmnlaifinisssenlusunsuazimunldi 2400 us
Write()
Description

Aoilsriduiildmunusumisiidoantsls Servo Motor mtluiiesenfirivunaninse
Avualuaieseldiay Ae 0-180 e uAly Servo Motor 7y Full Rotation A1ds write
widunsfmunnnndalunisuyu Tng

ATy 90 AerAdlst Servo Motor vigamsu

Awvinfiu 0 Fensvyushenuiigegnlufimniami

AWINAU 180 Ao svsusieASIgeaetufianimsatiudi
Syntax

servo.write(angle)
Parameters

Angle: Floyufifosnsls RC Servo Motor wuu 0-180 asrmauuly wimniu RC
Servo Motor kuy Full Rotation 1 Angle fie msiwunamduasfianislunismyuy

writeMicroseconds()
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Description

Aotlerduiildmueusumisiily Servo Motor yulUsiumisesadifuuslag
Amundumanunisesiadlumiae us JsUndiuda RC Servo Motor agldanuning
vouliadegil 1000-2000 us muildnamludreduuds wi RC Servo Motor UNIUNTOUN
Bvelalléld dremnunevesiadauilénanionlsd onaeglinng 700-2300 wuidnansa
T4#laria writeMicroseconds fitermunanunaiadldios
//msldfilarid writeMicroseconds annsaimunalddasy nsei *desseTelunslis’
wndsu RC Servo Motor (WU 0 - 180 83f) ﬁ]uwyulﬂ_lLﬁuqmﬁufgﬂﬁatﬁuﬁgaﬁﬂe 0 %138
180 aem azviliinidssasdimnnsulusslilduazeme fasAunszuagetudaely
nandiariutiu Fie19vild RC Servo Motor RnaTEEMIElE
Syntax

servo.writeMicroseconds(uS)
Parameters

uS: RarAuniresitadfidesnisimualumhelulasiund (nedauds int)
read()
Description

Aatlaiduguaasmiidadnlusedeta write) Lﬁa’lﬁi’iwﬁﬁLmﬂaa@m@mﬁwﬁm
é'i"aL%"}lmfuﬁﬁhwi'ﬂwﬁ?ffqmﬁémaaﬂmﬁuazﬁﬁhag”lmha 0-180
Syntax servo.read()
Parameters

13i51: 9¢ Return @1 0-180
attached()
Description

feflsidunsnaaaudn Servo ismeensldmaeatfuvdygy e Arduino

V3ol
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Syntax
servo.attached()
Parameters
14fl: 92 Return #1 True ®onU" W0 Servo Motor L%'amiaagiﬁ’u Arduino W#a1%In

Return aanundluridudonnliideuss

detach()

Description
ﬁa‘i“lqﬁ%’uﬁuamuwaamﬁmﬁmumlﬁu‘flummuqu Servo Motor sufda attached() lindy

Aognsldauuni

Syntax

servo.detach()

A29814N 15 ¥BUAE RC Servo Motor Mfuuasa Arduino

3% 2.21 masisiwesladivesaarduino

2.5 N13AIUIURIAT Toque

JUT 2.22 uanannmesvnodn
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nasnusansstnfnazls

wa%nﬁaLmﬁwmmmwyumaammm‘ma%‘mwa%niﬁé’hamum‘[ﬁamﬂﬁﬂisLw‘?fuﬁammﬁﬂm
o w ¥ W ¢ Y IS ) i 9 & A ¢ & = ¢
nIwIMNUAIIUABVRININEe vy Ul lilluiuesihedinguuemeiniie Uous - i1 vle voud
-9m vty S| e Tadu - s migvemesniinanussguimsssesmedanazmasnaa
d' o o/ d'v 1 5 @ & 1 4 = 2/
whvsgausInssiuszBEmeT v nganyulumadiann lunsdvesnstuliondussuatisn
(2 &’l o v & ﬂl =) L3 1 £ 2
973 1 WauazAmeanusvuIn 200 Jeusi Tuwwndaniudamesniinaildife 200 Uaud-Wausdaaild
Aoy v - cd w s = o < £ w v s
Uszianiiauen 2 wWaraldusadies 100 voudifieadumesnuuniiersuniassudasdosadimedn

- v < ¢ W v i & o )
LW@W@JULWW‘I’U@LV’]UQ UYUIPNBDIN NN ’Uu’]ﬂ‘U@ﬁLL?QQN@?U?gﬁJL’w'}\TQWﬂLLﬂUWi{U‘U@ﬁNQ'}ﬂﬂ‘ULLu?LL'N

s

a | v oW a v &
'i]']ﬂgﬂ LIMUUIHTUINVDIND TN NEDARADINULLTY F i’a‘ULLﬂUVIN']Uﬁ!ﬂ O MIgdunIInaU

T = RF sinB

o " fig szogssnitunumuiuaninsinagsh

fgﬂ«ﬁz.zs NIIANWIMMILSIOANDSA

LIALADSVDINDSA

3 & = @ [ . L3 o s ¥esr o =
RINLABDINDIN TUANUANNWUSAULINADS T LAy FTmammsmmmmauwuﬁmEﬂ‘nmmmumamq

L3

AAAAR S

=

AFend Mnannes -

= ¢ «
JUN 2.24 hirwmeivemaie
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2.6 793539781W

maNN13vi191u Switching Power Supplylutlagiu 9dinsldinalulatundssneidsaindatuat
unsviane & Switching Power Supply Bugna¥rstuyiiieldlunudidnvsetind Wuumaednglwlii
gunsalengg wavamsnwdsuussiulnanlradubasgalmiduuseiulnmsdaasild fsesuszney
4" 3 & & L2 a oo w - L3 n?a L4 L3
Nugndulaenluavadetiuuasdidfayiigauesesdusznovilie reunedines

Switching Power Supply agUsenaumay 3 dwluaj fie

o) & al & o v ') I

o JsHamesuaziIndliions vuthiwlasssulnadudulnmnsg
AR v o w | ) 3
e« ABUNBILADS mvrmwLmaalw;aiaLfJuIWEfaummm@q wazwUandululnasidiansn

o smIUA vimihiinugumsInuesneuneiines elilduswuioinanudesnis

UHUNY Switching Power Supply

——t  AC Power
Vin
——t  DC Power
aeriamed - dnanunm =T Gt
seatienflvhent wtinaln AC A aduin DC Mg "‘"’"".\'l
s
il kil DC Anguliulv AC (Pulsa}
muiige
wifsuine e PRI
E LT
enendlend - LWnln AC (Pulse) Dulv DC
WWHMART ... nredle oc Wiy
%

JUT 2.25 pfiusznaunipdglv
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wazdsudonld9asinelu wuu step down converter (@3adanminasdnnansy)

3U 2.26 a3nTawnirosdwnans
azden
- szuudnlnsaluiR Weilnis¥anises
- 1x Switching power supply AC 100-240V to DC 12V 5A 60W module
- uvasanglWuuuadnds
- W3IUBUNA :100-240VAC
- LIIAULDIANA: 12VdC
- NSTUALDIANA: 20A
- MAUDWNS : 240W

-UUA 110%78*36mm

visemudenaastelniisawnsadeonldladeniy Panasonic Neo 9V

SUi 2.27 dulwane er22nT/15L 9v
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2.6.1 LM2596 Converter Buck Step Down Regulator Power Module

SUM 2.28 Im2596 Module

DC Step Down LM2596 / LM2596S Module (3A)
guUnsalfiimihituasssiuuseulninnsias Tngansausurusesy output l¢ilas Potentiometer

3

nilloguuuesn amnsadnenseualdde 3 A wavldndnnisulasiagnses Buck Converter AUA

v

Swithching 150 kHz ylwyinuReu wazusesusey

Features:

Input voltage: 4V-35V

Output voltage: 1.23V-30V

Input current: 3A(maximum)

DC-DC Buck Converter Step Down Module LM2596 Power Supply
Specifications:

Conversion efficiency: 92%(highest)

Switching frequency: 150KHz

Output ripple: 30mA9maxmum)
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2.7 User Interface

a aa 1 o A A ' o =t = L3 P ] d'
il Il ldlunnsnsevhussuuvS ofaveasneg Faenmvalu reuiimes wdesdns ndeena

qunsallwiheineg viessuuiitimududoudu ieliduiuginunufesnisveafld
dwseUszauiugldanunsedalailu 2 Ussnnlugldun

' A o 2 | & = I a .
o dwnhdeyanth viiediudnu Sund1 Sunm (input)

o dwdilfuanawadng visduilisemdmngld Sunin s (output)
uneenuuu Ul lullqtuiilemaiiouaz53ad1in Tumsieuuuduled Tuuiswen walulad
gumsaldwiuaild (wearable technology) uargunsalansmlausingg Anaumiuduiissdy
o o =Y & o [ ! ﬂl' e o w =l o I 4 8/ ) E2N & ai 1
"oe naulanmeuiunesfinadudriunilestinusedriuaziimausnduiiordo i lisumadinesigae

(4

Wld ynde yalewmduagyssaunsainiamaila ansaldaulfegeiiuseansnm

L 9

2.7.1 Visual Basic

Visual Basic Wunwlusunsunwmils wannlaeusnlalaseeri ussqetgnolinansusiyamiision
Microsoft Visual Studiotsnileanzenge) 91 VB aeluyaveadn Microsoft Visual Studio 11 Usznauly

MBI waren1w wonupeiuluauemaIIsonasaLnTa lALA
1.Visual Basic
2.Visual C++
3.Visual FoxPro
4.Visual InterDev
5.Visual J++

6.Visual SourceSafe)
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& w v o W o a @ &0 v
nUszasd ffie desmsTidunwitlddmiuimunlusunsuntousundindy vaunsle

58U URANTS Windows wag Windows NTnnsTéau Visual Basic Sudeuthedng Tusunsusosansts

3 i o a ! s v v
NAUAZINBIAUTENOUANY vunthaeiiednseudld (User Interface)ldnudoinis

P v v 2 & o & & W 2 v & w
LﬂﬂaqﬂwuqfﬂalﬂiﬂsﬂﬂL‘UUUIUﬁLLﬂﬁﬂJ‘U\?LUUﬁﬂi‘}mgLLUUﬁIﬂ'NE'f'i"lﬂvr]\jﬂ']‘b"]ﬂa?Uﬂa\?ﬂU

mwisangy weunsienlssnnuduiusvesesiusneuusiasiuumiinedngety Tiviuees

diusiu muilusunsaesdenis mundnnsues Object-Oriented a4

s Form1

Port

Send

e

5U12.29 wilsing Ul Aildvinduidfiefnsesusaiung
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2.7.2 nMwile

mwnile Bangw: sign language) 1unis (Juataunwesimils fiussneudas nsdeanssedle, ns
doansdedeny wazmslisaiuinlunisdemumneuwumsldidome msdeansorlddnvasesdiod
vidudiydnual nsiedeulmile wwuuarsrinie wazn1suansauEnmslusiiieraslunisdoans
AARTeFe awdayanualdndwgiinldlungudfinisney %ﬂﬁ?ﬂ%ﬁ%ﬁmiﬂ%iﬁwd HFARIUMLY

(interpreter) f3auau Wiou uazAsouATIvBIANIMIm T vTmeldButhwdel B uan

%@%%: fi@ s
2B -
DRI TG T

€2

® G
(b2
¥ d
i

Z ASL sign language
alphabet

wy< tpart

d ar s & o q” = ar s ar e
E‘U‘Iﬂ 2.30ﬂ’J"IS.IﬂNWUﬁﬁﬂﬁmSU')NE]ﬂUﬂ’JE]ﬂH'a'ﬂN'IBQf’lﬁ]‘l:l
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UNN3
AN52NLUULAZATISES19ULIUNE

Tuuntagnandiniseanuuulaunaluy Articulated

3.1 N15PONLUUIASIASI9MTIUNE

Tumsfinu uaziiutoyaldidonsanuuuusunaduwuy Articulated pununisteduiduwuumy
JUwuunsindounindsilouaziuurey vl Jasznaudederangmutaila dedhile saudedeile
linmsvhauaiieuilevesyudiianunsondurewedusuaiuanld nsoenuuuwsunaysznausie 2

Tunoulng

-i’umammnﬁamiﬁﬁamLLUUIﬂEJmi'nfﬂgiﬂﬁﬂssmmrﬁaw%@uﬂﬁﬂamﬂﬁﬁ]zmmm%ﬁwmﬂﬁ FaLUU

snqiilavinndassiuensszdeasiinaesgnuaiensuniaveeiuuiiasifimmdululigagn

-Juppuil 2 Avnsasielase 3 48 veawvunalasldlusunsy solid work Tunisadreuuusasaiialiile

PUNANTDFURUUAINTILS GBI

3.2 Jumaulun1seaNULUULILNG

wasnldfnwnisinaunastensng mnunamnuuazUleddsldisuadiovlassuiuiisuunlaesy
ANMINTVIUTUNAINUNAINAI NN WWebsite inmoov Treladauiuudidasuainnis

L3

AnMveIAmutasanisuudereveslusariinuiensuinadelie eltsannsomuoinesni

LLiaGmﬁﬁam1uﬂ‘mﬁfnﬁLL'Un%’uléﬂmm'as{fwé’amnaaﬂu;u*uwa%ﬂLLé'ﬁqaaﬂLLUUf\i’waaa(prototype) \ieg
dnuwaznsmueusazderafivniululifusdorodminiidesiuimuminduluiersasrinlfidies
svieiuselaliinnweiiazansafaduduiiieinfutadeusnaiaiielfeannly SusiFeaviou
wewnesTil Toruge getuilafiagmldmuiisndeans elsieenuuudmiuauaumewesliuawes
LildSueuids uazvhanldedneiusyivsnm uazaaviedelassruaiaauysaifahmadeu
TWsunsuVisual basic studio Wudunawillifinsedoansseminilusunsunasldomlasdsnudoyaly

IimuaunIsnasueLmeiiuuesn Arduino
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3.2.1 n1seantuulaseadng

a P ' <, | o | o A oA e = ' a2 a o
nIgankuuUINMUNDIzLUeaNUY 3 diuvanas duniduiiie@uniuaswdes) gunduusiamiile

=l | o o - 4 o
G LLaamuwn’fluﬁ”laﬂaNﬂﬁaummmmmasmnaa(ﬁmw)

JUT 3.1 wuudaesguile

2

3.2.1.1 dwiiuihile@Ewiowardvn) vniesilstudunasdosioia 3 tareluusazin

U7 3.2 udransdesiainile
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3.3 YunaUN1sUsENaULYUNE

VUABDUN 1

W INANWALTR Aosihnisungdwwesavoadule 30 Print WEuutesy

<l a sdoua
UM 3.6 WuuRuningdinSupportaanin

YUABDUN 2

P Y
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VUADUN 5

Wudumeuvesusiuusenaunssdiunyy Taevinmsldnlunisdnauuszneusia 2 drudnliems sy

JUi 3.10 dhuviouuay

Junaudl 6
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insussyelasemosuawmesd 5 MIMG 996nasuuginwesluemesddlduainnisiu 3 T7
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pENNINWFUN 3. 11uasvanvindwihnmsingruesladiiuusnuvounsuwdwiduitesaniatens
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o = v 5 o o 24
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gﬂﬁ 3.13 ueundnUsznau@iariaun
3.4 msmuaulaglduasalulasreulnsaians

3.4.1 Tunaun19Yinuesm Arduino WUU stand alone

Hutumeulumsideululesreulnsameshndlu Wannsaldoufu Code vos Arduino 1d Tne
Arduino UNO R3 1u 14 Microcontroller Ju ATmega328P dudululnsaeulnsatasduss Atmel us

agqanianldias Nagliawnsaldniu Arduino 18 Sedesiinns Burn Bootloader foutiuias Tng
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4 -Jq o 5 1 =l [l v i rd dy
Microcontroller #ifiau1ny UNO R3 fausiusn awiinas burn Heguds uslulasmeulnsaaesfiuentonn

AN 813zdalullel burn wardeusdinee bum T3udh fanunsayienanseuldiduty
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JURNDUAT Burn Bootloader
1. 91929995
2. Upload code Wag Burn Boothloader léae

3.U1ATmega328 P-PU 1&391nBum Boothloader Tuldluusiunauwsnsiilaoanuuyly

= = 1 - w
JUN3.14 Wauagliuazasutauuulnliuese

3.4.2 gunsafilldluvesnArduino(stand alone)
1. Crystal fuilnA1ud 16.00 MHz 1 6

2.5 0AUUsEY 22 pF 2 6

3.1C 7805 Voltage Regulator 1 #7
4.ffiudsyy 0.1 uF 1 f

5./iuUsey 0.33 uF 1 i

6.Switch 1 7

7.Resistor 470 Toviu 1 #a

8.Resistor 10K Taviu 1 #7

9.ATmega 328 P-Pu 1

10.pin header



3.4.2 TunDUNIIEBNWUU Schmetics Tulusunsy Altium

& A Dex -

o Q0@ N
Haiwa “ RNk OGS e X N N vaaton) *

| Projects LU o = Sheet Tnew?2 SchDox 1R

31J°7'1|3. 15 ®@AkUU Schmetics
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e I orom Paste Il Top Sokder W1
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3.4.4 JUABUNITYINUBSA Arduino

2
a

UA3.17 4

Eafl

MBUNIYINUBSA Arduino Stand alone
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5UM3.19 wihanlAalusunsaly Visual Basic
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o Form1 - O X
\
i Post v Open Close
| M :———— — ——— —_—
| |
| i
I o = == _ P = ’
| Send
|  EEE——— e—

JUN3.22 e Ul Aldinduiiefasefufuauna

3.6 lanildvinnisnauaunisiadeulnivesiiage

3U%3.23 lAnArumun1svien Servo motor



© Term2 Robotic_am | Arduino 185

Fie Edit Skeich Tools Help

inByte 0; I 3 tal variable
(Serial. 0 0) { heck £ th . i i
inByte Sexrial, (1) nB
Start e )
f (inByte == *5'){
Sexial. ("Let's Go®);
0 (544);

1 (544) s
2 (544) s
3 (544)
" 544);
(3000)

servol

servod. 400)
{24 )
inByte

= o o
JU7 3.24 1AnAuANN15%197U Servo motor

servol. (2400) 2

U7 3.25 TAnAuANN1SY9IY Servo motor
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© Term2_Robotic_am | Arduino 185

File Edit Skeich Tools Help

= v o
3UM 3.26 TAnAuANN15YU Servo motor

U 3.27 TdamuAuni1sien Servo motor
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© Term2 Robotic_anmm | Arduing 1S
File fdit Skrich Took Helg

servod teMicy ia(544) 1
(3
servol.w

15 (2400) 2
{2400) ¢

(544) 1
(544) 5
(544) s
(544)

(544):

(2400)

(544) s
(544) s
(544) 2
(2400) 2

(2400) ; v

U7 3.28 TAamuAuN1 eI Servo motor

(2400) 1
(2400)
(2400) ¢
(2400) ¢
(2400) ;

U7 3.29 TARmIuANNNSYINIU Servo motor
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Source code
#include <Servo.h>

int inByte = 0; // sets up the variable that will store incoming data

from serial (keyboard)

Servo servo0; // servo finger 1

Servo servol; // finger 2

Servo servo2; // finger 3

Servo servo3; // finger 4

Servo servod; // finger 5

Servo servo5; // wrist

int Start = 0;

char Love;

void setup() { // put your setupcode here, to run once:
Serial.begin(9600); // sets the serial keyboard to 9600 speed
servo0.attach(2); // finger 1
servol.attach(3); // finger 2
servo2.attach(4); // finger 3

servo3.attach(5); // finger 4
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servod.attach(6); // finger 5
servob.attach(7); // wrist
servo0.write(180); // stop
servol.write(180); // stop
servo2.write(180); // stop
servo3.write(180); // stop
servod.write(180); // stop
}

void loop() {
// put your maincode here, to run repeatedly:

inByte = 0; // resets serial variable to zero each time so code only

blinks once

if (Serial.available() > 0){ // checks if there is any incoming data from the

serial (keyboard)

inByte = Serial.read();}  // if yes, stores the incoming serial data into the

inByte variable

char Start = 'S';

if(inByte == 'S"){



Serial.println("Let's Go");

servo0.writeMicroseconds(544);
servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(544);

servod.writeMicroseconds(544);

delay(3000);

servo0.writeMicroseconds(2400);
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);

servod.writeMicroseconds(2400);

delay(2000);

inByte = 0;
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char Love ="I';

if (inByte =="1")

{ // checks if letter a was typed on serial

servo0.writeMicroseconds(2400);
servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(544);
servod.writeMicroseconds(544);
delay(4000);
servo0.writeMicroseconds(2400);
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(2000);

}

char Love0 ='L';

if (inByte == "L"){

servo0.writeMicroseconds(2400);
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servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(4000);
servo0.writeMicroseconds(2400);
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(2000);}

char Lovel ="'U'

if (inByte == "U"){
servo0.writeMicroseconds(544);
servol.writeMicroseconds(544);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(544);

delay(4000);
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servo0.writeMicroseconds(2400);
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);

delay(2000);
}

char KMITL = 'K';

if (inByte == 'K'){
servo0.writeMicroseconds(544); // K
servol.writeMicroseconds(544);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
delay(2000);
servod.writeMicroseconds(1000);
delay(3000);
servo0.writeMicroseconds(2400); // 0
servol.writeMicroseconds(2400);

servo2.writeMicroseconds(2400);
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servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(2000);
servod.writeMicroseconds(544); // M
delay(1000);
servo0.writeMicroseconds(544);
servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(544);
delay(3000);
servo0.writeMicroseconds(2400); // 0
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(2000);
servo0.writeMicroseconds(2400); // |
servol.writeMicroseconds(544);

servo2.writeMicroseconds(544);
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servo3.writeMicroseconds(544);
delay(1000);
servod.writeMicroseconds(544);
delay(3000);
servo0.writeMicroseconds(2400); // 0
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servo4.writeMicroseconds(2400);
delay(2000);
servo0.writeMicroseconds(544); // T
servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(544);
delay(1000);
servo4.writeMicroseconds(544);
delay(3000);
servo0.writeMicroseconds(2400); // 0

servol.writeMicroseconds(2400);
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servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(2000);
servo0.writeMicroseconds(544); // L
servol.writeMicroseconds(544);
servo2.writeMicroseconds(544);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);
delay(3000);
servo0.writeMicroseconds(2400); // 0
servol.writeMicroseconds(2400);
servo2.writeMicroseconds(2400);
servo3.writeMicroseconds(2400);
servod.writeMicroseconds(2400);

delay(2000);

}
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INTRODUCTION

Arduino is used for building different types of electronic circuits easily using of both a physical
programmable circuit board usually microcontroller and piece of code running on computer with
USB connection between the computer and Arduino.

Programming language used in Arduino is just a simplified version of C++ that can easily replace
thousands of wires with words.
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ARDUINO UNO-R3 PHYSICAL COMPONENTS
ATMEGA328P-PU microcontroller

The most important element in Arduino Uno R3 is ATMEGA328P-PU is an 8-bit Microcontroller
with flash memory reach to 32k bytes. It’s features as follow:

* High Performance, Low Power AVR
* Advanced RISC Architecture

o 131 Powerful Instructions — Most Single Clock Cycle Execution
o 32 x 8 General Purpose Working Registers

o Upto 20 MIPS Throughput at 20 MHz

o On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory Segments

4/8/16/32K Bytes of In-System Self-Programmable Flash program memory.
256/512/512/1K Bytes EEPROM

512/1K/1K/2K Bytes Internal SRAM

Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/100 years at 25°C

Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program

True Read-While-Write Operation

Programming Lock for Software Security

O 0 0 O 0 0 080 O

* Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

8-channel 10-bit ADC in TQFP and QFN/MLF package

Temperature Measurement

6-channel 10-bit ADC in PDIP Package

Temperature Measurement

Programmable Serial USART

O 0O 0O 00O 0o 0 0 o
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o Master/Slave SPI Serial Interface

o Byte-oriented 2-wire Serial Interface (Philips 12 C compatible)

o Programmable Watchdog Timer with Separate On-chip Oscillator
o On-chip Analog Comparator

o Interrupt and Wake-up on Pin Change

» Special Microcontroller Features

o Power-on Reset and Programmable Brown-out Detection

o Internal Calibrated Oscillator

o External and Internal Interrupt Sources

o Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standby

* 1/0 and Packages

o 23 Programmable 1/O Lines
o 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

* Operating Voltage:
e L85 5V
* Temperature Range:
o -40°Cto 85°C
* Speed Grade:
© 0-4MHz@1.8-55V,0-10MHz@2.7 -5.5V, 0-20MHz @ 4.5 - 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C

o Active Mode: 0.2 mA
o Power-down Mode: 0.1 pA
o Power-save Mode: 0.75 WA (Including 32 kHz RTC)
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e Pin configuration

(PCINT14/RESET) PC6 [
(PCINT16/RXD) PDO []
(PCINT17/TXD) PD1 []
(PCINT18/INTO) PD2 []

(PCINT19/0C2B/INT1) PD3 []
(PCINT20/XCK/T0) PD4 []
VCC [

GND [
(PCINT6/XTAL1/TOSC1) PB6 [
(PCINT7/XTAL2/TOSC2) PB7 [] 10
(PCINT21/OCOB/T1) PD5 [] 11
(PCINT22/0OCOA/AINO) PD6 [] 12
(PCINT23/AIN1) PD7 []13
(PCINTO/CLKO/ICP1) PBO [] 14

0O N ORA WON =

(o]

28 [1 PC5 (ADC5/SCL/PCINT13)
27 [1PC4 (ADC4/SDA/PCINT12)
26 [1PC3 (ADC3/PCINT11)

25 [1PC2 (ADC2/PCINT10)

24 [1PC1 (ADC1/PCINT9)

23 [1 PCO (ADCO/PCINTS)

22 [1GND

21 [J AREF

20 [1 AVCC

19 [J PB5 (SCK/PCINTS5)

18 [1 PB4 (MISO/PCINT4)

17 [J PB3 (MOSI/OC2A/PCINT3)
16 [ PB2 (SS/OC1B/PCINT2)
15 1 PB1 (OC1A/PCINT1)

ATMEGA16u2- mu microcontroller

Is a 8-bit microcontroller used as USB driver in Arduino uno R3 it’s features as follow:

e High Performance, Low Power AVR

» Advanced RISC Architecture

Fully Static Operation

O 0 0 0o

* Non-volatile Program and Data Memories

512/512/1024 EEPROM
512/512/1024 Internal SRAM

0O O 0O 0o ©

Up to 16 MIPS Throughput at 16 MHz

125 Powerful Instructions — Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

8K/16K/32K Bytes of In-System Self-Programmable Flash

Write/Erase Cycles: 10,000 Flash/ 100,000 EEPROM
Data retention: 20 years at 85°C/ 100 years at 25°C
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Optional Boot Code Section with Independent Lock Bits
In-System Programming by on-chip Boot Program hardware-activated after reset
Programming Lock for Software Security

* USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion

0 O @ O ©

]

Complies fully with Universal Serial Bus Specification REV 2.0
48 MHz PLL for Full-speed Bus Operation: data transfer rates at 12 Mbit/s
Fully independent 176 bytes USB DPRAM for endpoint memory allocation
Endpoint O for Control Transfers: from 8 up to 64-bytes
4 Programmable Endpoints:
— IN or Out Directions
— Bulk, Interrupt and Isochronous Transfers
— Programmable maximum packet size from 8 to 64 bytes
— Programmable single or double buffer
Suspend/Resume Interrupts
Microcontroller reset an USB Bus Reset without detach
USB Bus Disconnection on Microcontroller Request

* Peripheral Features

(@]

& 9 B8 @ B

One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM
channels)

One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode(three 8-
bit PWM channels)

USART with SPI master only mode and hardware flow control (RTS/CTS)

Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

* On Chip Debug Interface (debug WIRE)

* Special Microcontroller Features

O
O
O
®)

Power-On Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby

* 1/0 and Packages

o 22 Programmable I/O Lines
o QFN32 (5x5mm) / TQFP32 packages
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* Operating Voltages
o 2.7-5.5V
* Operating temperature
o Industrial (-40°C to +85°C)
* Maximum Frequency
o 8MHzat 2.7V - Industrial range
© 16 MHz at 4.5V - Industrial range

¢ Pin configuration

)
G
= O
S 3
5z
S0
/8 e S\
w
23459838
i F o e s Y o o N e D |
32313029 2827 26 25

XTAL1[| 1@ 24[] Reset (PC1/dwW)
(PCO) XTAL2[] 2 23[] PC6 (OC.1A/ PCINTS)
GND[] 3 22[] PC7 (INT4/ICP1/ CLKO)
vee [] 4 21[] PB7 (PCINT7 / OC.0A/ OC.1C)
(PCINT11 /AIN2 )PC2 [] 5 1QER32 20[] PB6 (PCINT6)
(OC.0B / INTO) PDO M6 19[] PB5 (PCINTS5)
(AINO/INT1)PD1 [] 7 18[] PB4 (T1/PCINT4)
(RXD1/AIN1/INT2) PD2 [] 8 17[] PB3 (PDO / MISO / PCINT3)
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OTHER ARDUINO UNO R3 PARTS
Input and Output

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

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

o External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a
low value, a rising or falling edge; or a change in value.

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

o SPI:10(SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPl communication
using the SPI library.

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

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution
(i.e.1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and the analogReference() function.
Additionally, some pins have specialized functionality:
® TWI: A4 or SDA pin and A5 or SCL pin. Support TWJ communication using the Wire
library.
There are a couple of other pins on the board:
* AREF: Reference voltage for the analog inputs. Used with analogReference().
® Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.



sgpa:l

ARDUINO UNO R3 SCHEMATIC DIAGRAM
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LM2596 DC-DC Adjustable PSU Module

LM2596 DC to DC step down regulator, adjustable +1.23 to 35vdc output, 2A. Ideal for battery
operated projects requiring a regulated powersupply.

Specifications
Regulator Type: Step Down ( Non Isolated input to Qutput )
Input Voltage: +4 to 40vdc
Output Voltage: +1.23 to 35vdc
Output Current: 2A rated, ( 3A maximum with heatsink )
Efficiency: Up to 92% ( when output voltage is set high )
Switching Frequency: 150kHz
Dropout Voltage: 2vdc minimum
Protection: Short circuit current limiting

Load Regulation: +/-0.5%

Voltage Regulation: +/- 2.5%

Temperature: -40 to +85 deg C ( output power less than 10Watts )
Board Size: 43.6mm L x 21mm W x 14mm H

Data Sheet: National LM2596
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MG996R High Torque
Metal Gear Dual Ball Bearing Servo

o LA

20

This High-Torque MG996R Digital Servo features metal gearing resulting in extra high 10kg
stalling torque in a tiny package. The MG996R is essentially an upgraded version of the
famous MG995 servo, and features upgraded shock-proofing and a redesigned PCB and IC
control system that make it much more accurate than its predecessor. The gearing and motor
have also been upgraded to improve dead bandwith and centering. The unit comes complete
with 30cm wire and 3 pin 'S' type female header connector that fits most receivers, including
Futaba, JR, GWS, Cirrus, Blue Bird, Blue Arrow, Corona, Berg, Spektrum and Hitec.

This high-torque standard servo can rotate approximately 120 degrees (60 in each direction).
You can use any servo code, hardware or library to control these servos, so it's great for
beginners who want to make stuff move without building a motor controller with feedback &
gear box, especially since it will fit in small places. The MG996R Metal Gear Servo also
comes with a selection of arms and hardware to get you set up nice and fast!

Specifications

Weight: 55 g

Dimension: 40.7 x 19.7 x 42.9 mm approx.

Stall torque: 9.4 kgf-cm (4.8 V ), 11 kgf-cm (6 V)
Operating speed: 0.17 s/60° (4.8 V), 0.14 s/60° 6V)



Operating voltage: 4.8 Va7.2V

Running Current 500 mA — 900 mA (6V)

Stall Current 2.5 A (6V)

Dead band width: 5 ps

Stable and shock proof double ball bearing design
Temperature range: 0 °C — 55 °C

PWM=0range (1IN _
Vcc=Red (+) — @7
Ground=Brown (=) —

Duty Cycle

-------------------

48Vto7.2V | |
Power i

and Signal

--------------------------------------------------------------------------------------

20 ms (50 H2)
PWM Period





