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ABSTRACT

This project is about designing and inventing a navigation device for the blind, to
help the blind person move conveniently. This mobility device can help users avoid
obstacles and different level floors and even guide them to predetermined locations while
reducing the need for supervision. The device is attached to the cane and will power on
when the user presses the switch. The device works by measuring distance using the
ultrasonic sensors when an obstacle is detected, the device will stop moving for a second
to let the ultrasonic sensor find the clear way and then move in that direction. And if the
sensor detects different level floor, it will stop moving and vibrating is created by micro
vibration motor together with a warning sound and when the device returns to the normal
ground, it will continue to move automatically. The device also has the low ceiling warning

sound and the battery indicator LED to represent the level of the battery.
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2.1 21981 (Arduino)
Arduino 81u1 (871-9-8-1 u3e 91qeli) 1Wuveinlulasaeulvsiaesnszna AVR Aifins

WAl u1LUY Open Source AndintsiUainedayaviefiu Hardware wa e Software 2

' 2

»
v oo o =

vaia Arduino gnesnuuusildenlding fuudamngdmsugFuduinu Wilgldanuds
annsafnulas iRy Wandesanasuesavielusunsusaldangag

AUdIBYDIVBTA Arduino Tun1sdagUnsaliaiusie q Aedldiuaiunsnsensas
didnwsetindannisuenududeuderiuniinn 110 vesuein wialeruazmnaunsaidensa
fuvasmiasy (Arduino Shield) UsgLavaig 9 19U Arduino XBee Shield, Arduino Music
Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield LTusu 11ldsu
AUUasAVUUDFA Arduino waatdsulusunsuWwuiseldiay ey Arduino Uno R3 vTu
UasA Arduino ﬁiﬁ%’ummﬁwmnﬁqm fosansaladuns dlnalusiaauay Library sing 9
fWmutunn Support av8148affuueiniiIundn uasteAanos9fie nd
7l microcontroller s {lfauasnsnderdsumaslding

2.1.1 ns3enwaulunu Arduino

aunsndngwdsanuliiu Arduino w14 USB %38 External power supply unasgneazgn
\danteslnednlud® Tne External power 81941310 AC-to-DC adaptor w3auuniaed lag
adaptor ¥ 31ENEN NI power jack uasaANINsaYinalAT external supply 6-20 Volts
winlnasuwnuesateen 7V azvildueialiiaiies uamndralwlivada iu 12v syl
vasnFeunandomels fajutaauseiuiiiuzahie 7-12v

2.1.1.1 1 Vin : aunsadiaussuliuesaiiunild viemniousediusiiy power
jack fanunsadniahunilfiguiu
2.1.1.2 1 5V : Miflfusaduneil 5V 910 regulator uuuadn widermssy iAo ms

ouswulaeasaudivn 5V uay 3.3V ezl regulator a1vviliueiadevele

2.1.1.3 91 3.3V : 91iildusedi 3.3V 990 regulator uuuadn
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2.2 waLAd3 (Motor)
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a o

availnfoviinaandiiunndisesnlunumnudosns lid1esdunung sou wiomdsui
uanenaiy Feewmagudasein axuidldidu 2 Ussan amdnvaemsldaunsaualniingd
2.2.1 uawmasiWnInszudaay (Alternating Current Motor) 38138n7110.8 uaines
(A.C. MOTOR) nsuusvlinuasanasiniraduntieanidu 3 vialdun
2.2.1.1 wawaswinszudaduriin 1 wd viadundi@afamausnas (AC. Sing
Phase)avldiuussiulin 220 Taadfianeln 11 2 ane Susahligs doulnamutudou
o audvinauawmes( Split-Phase motor)
e mMUBmesualnes (Capacitor motor)
o Fiaduvewnes (Repulsion-type motor)
e gilpiuiwauames (Universal motor)
o LinLnnlwa welnes (Shaded-pole motor)
2.2.1.2 wawmailWiraduyiin 2 wa viaieniianeines (AC Two phase
Motor)
2.2.1.3 uawasiWdnszuaadueia 3 wa wialsenimiiauaines (A.C. Three
phase Motor) Wuwatnasildlusugaamnssudesldszuuli 3 ia [duseiu 380 Taad i
anglviduomes 3 a
iy

2.2.2 walnasWAINSEuanse (Direct Current Motor) #381580717.9 wolnes

(D.C.MOTOR) waimasiufinseiansauusoanitu 3 vialaun
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Sheet Steel) iitoanmsiianszualuanu (Edy Current) flagshliaudrussauuusivinanas
Fruimdnimthiliidndhauasindniipmdugean wudaunansimingns fasumh
vostandimdnililAufuonduisesnon
2.2.2.4.3 asauaina’ (Motor Frame) fie dauldenviunsuenuesueines
wazfnduagiud (Stator) vewmaineslinieluimAudilniheveweines Taswomadsi
wihdumaduresduussuimdnsenindawimdnlfAsauuieivanasuiees
2.2.2.4.4 915111905 (Armature) Ao d@rundaudl (Rotor) gnandAnfiuinan
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2.2.2.5 msvieuvssamaslvfianssudnss Msvieudesdureswaimaslui
nszuanse duseiulvnsedreduulsaauluneuinemes iululiveaiamuifiondiuiaes
lnainenfinaefiinawundmaniniiy Hudanile (N) uazdudald (5) Aagune
wsimanudnduriu erfweeimulvluiiemesnudininmiousuneuiunees vyunulude
wssarududatudiuvosrendamnes wWasulvludnuaiendiveswnain uadnaviliiie
‘?J‘:aLL&JLM?nﬁaﬁmma%mﬁauﬁu*ﬂgaLLajmé‘naniﬁaq"lﬂé'ﬂﬁﬂﬂ%a e uesdinagnuanivivyy
IWluienenauduwininaenim innswyuvesesiumesfouaineslniniem

2.2.2.6 wawnesiifivs (DC Gear Motor) fiegunsalinaunaiusenitauainesluii

|
v € s

a g ¢ L ¢ -
ﬂ'ﬁBLLﬁﬁliﬂLLagLﬂﬂiﬁjﬂﬂm (Gearbox) ﬂ’]'ﬁLWﬂJLﬂEJSﬁaﬂsﬁl““’]ﬂULPaLﬂﬂ'iUULW@L'ﬂUﬂ'ﬁaﬂﬂ?']ﬁJL%?LLa3

[

\iumesn (torque) T mm (output) Fermnsfmesitadaldun aamudaseu (RPM), nedn
(Ib-in) wazUszAnsnw (%) dafunounisidendeuomedifsssuludesduindiveaniss
A21UL52 kagvosaney @rulszinnved DC Gear Motor LéuA Brushed, Brushless (BLDC),
Planetary Gear Motors, Spur Gear Motors, Stepper, Coreless & Coreless Brushless, Servo,

Gear heads

| ZHENGZ

RoHS

5U#l 2.2 DC Gear Motor Useian Brush Uil 23 wawmeigesls
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2.3 wasl (Servo)
= o 1 < v o o a v
woslh AvszuumuAuilsznaumessuuvinaulnsanasiedesna Tddmivanufidesns
AUANFILMLY, A5, wsade, uiludh uwarsisa WeliaSeanauaziniasulnsariiau
v as 1 = =Y = 8/ 1 =
danAADINUBENLUTEANTNIN Usenaumie 3 d1ufe
2.3.1 Servo motor {Wuwewmesfifinsrauaunisiaiioud (State) ldiesiduszey mnusa

yunsvgu agldnismavpuuuuleundu (Feedback control) Fsamautives Servo motor

9

al o

wdeddiilfio fidnsseiid movavasldatienna dumsmuaunisenudlunsuudes
ﬂdﬁ wazvlinueos Servo Motor Luseanuilaun DC Servo motor, AC Servo motor ke ¥
Stepping motor Tullagtuasilsuly AC Servo

2.3.2 Driver {Wugunsaldsndsaulninlulsf motor ife/asudundssuna & Driver
Ivuvsoonmudsziannsideuliun Pulse train input driver Wag Analog input driver #3013
Tdnvzunnaeiulunuanuiomisvesssuu

2.3.3 Controller \Uusdsdnyaiunruau (signal command) Tuiasa Driver 7 Driver
il veredyaaussdeiudyyialuil Motor il Motor TP RPIE LA RIS

o oAy
ATENUINABDINTT

N el S il

| | Puise Width 1 ms
90°

w11 (D)

| Pulse Width 1.5 ms

wrane 1T (=

I Pulse Width 2 ms

= < ! < o '
JUN 2.4 nsiUABulLUas Pulse width LieAiuANsIMmMLaYee Servo

2.4 ANNITAIUANNDLADS

=

= = e & fd L2 v
namaslniinszuanse wSeAduainas (DC Motor) uaUnsaliulaandsoulud

9

wasna lassadanely vawesliinssuanss Ussnaumuediundng aesdiu Iaun wivdn
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2.6.1.4 A25unszud (current collector) Wulavgshvminflvsidnasoulua

lueengrnsnieuen wazinnishwdanuliiilulduselovdaieg

v
@ et [l

at al A =) a = 14 o al -
AMuaIsalunsintAundwvvaLunnesutadiisulossuiidAntusgiuriauay

LS U
1 2

aulRvesTaniihuvhinualnauazuelun wasuunnedaisenlonou gnidnlugrusundsinde
wianunazgnivmunatnaraioaiialivuafidnasaranansalindsalsnntu
2.6.2 YoRvesuunnesaisuxlasay
o aoe

% a a o o d 8 o ¢da ¥ @
2.6.2.1 Ut saeddeuimiunltndsnumnosuudulanedanlaunduivin

A
dl =t o ¥ as dl
wangalulan 3uinlvisnunin 3

@

fmiinuiaaludae femgisaoudndseulnidod
wiulumsiuedouiidesaansisiminitesad wmevhldausoyssvdandsnuldunngdu
QPR

2.6.2.2 o1gn1sléuuiu ilesninnisiauiuivatsfuresnumned Jevinli
wumnesaifenloseuiiusylaiiiganin wazifuussqlniialduiu (Low Discharge) nin
wummeliawelsiudy 4 fdsiusyavsnmludosesmsmiaigint warldemlduy

2.6.23 Tindeaugs, Al wazurialdisa ludruuseneuvessindiBoydud
waslwihiedl fgrineadeinlavsdu Wuawmliuunneifusdulwihigsniuunaeiviady
q wumne’ ASealessu Snaeiiudiuiudnvesundsuiieuaissian Sodunidy
wisnumadeniiesduuvuiinduudemddldosaliusyans am

2.6.2.6 \Duwadusie wunweiaiseulassuty lifldudsznauiiludunsiede

5ITNYIRA LU YOUNAY NIA WiBAzMI Famisaiudsziudesvesmiulasadiuionyyduay

; v Y ' = o
dunndeulimaniuumeeIuuudy 9

gﬂﬁ 2.9 WusAe3 Lithium lon



12

2.7 Pulse Width Modulation (PWM)

Microcontroller ansasutioya Uszanana mvauuazdeansiugunsalnmeuandneg ¢
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dqyeyrau (Input Capture)

dynm Pulse Width Modulation (PWM) fia duaiainuufiatuiifininuined wafinns
Usumauniawasiaduiediaaanil ON IdegheBasydagy 2.10 lnesnsnduseninatiaiand

ON AumUvaddeya1ad 158071 Duty Cycle @mnsasuiulaainaunis Duty cycle (%) = (toy x

100) / Period %38 = (toy x 100) / (toy + torr)

Voltage 7
| [
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V ( |
Tl ~ R e
Period

gﬂﬁ 2.10 dnwuLURd QI PWM

Fyryrs PWM Hudifaiunlderavauaunsaliieg wu Ufuainausives DC Motor w3e

1 o Vo=l = s dl = kY 1 1 ld
Auaivemaeall laedvedfe annsgydendsu owinfimsnseiusthanaiiios uas
annsaltausieniu Microcontroller w3omaununafladitg drssnisdawdanuludgunsaluin

1¥Usu Duty Cycle ann winsiasnisdandssuiios Tsiusu Duty Cycle on (Wudu
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2.8 wawmpiduaziiiou (Vibration Motor)
Vibration Motor wieaimeidu wadu 2 Ussuanie
2.8.1 Eccentric rotating mass vibration motor (ERM)
winnmsvhnudeliidausamisalaglivdnnisusanismilgudnansvesnaliauna de
AIsITauNINY Insueundyavewainesonvanlusuvesan G (Gravitational acceleration)
wazusaitlfasilitngiidntuneimosiinmsduasiiion lsawnsauiusueundgauoweines

= v a v A Y] ¢
wsaANLssluNsaulalaenisdsunlaswsasuinglviuueimas

gﬂﬁ 2.11 Eccentric rotating mass vibration motor (ERM)

2.8.2 Linear resonant actuator (LRA)
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AMG 32 FLYING
LEADS

FLEX PCB MOTOR CHASSIS

VOICE COIL

MOTOR COVER

NeFeB NEODYMIUM
MAGNET

PRECISION MICRODRIVES
PRECISION HAPTIC™
Y-AXIS LINEAR RESONANT ACTUATOR

E‘Uﬁ 2.12 Linear resonant actuator (LRA)

2.9 2993yaRARULIIRSABS (Boost Converter)

2993yaRnouLIBfiAeS ( Boost Converter ) 1iure9silddmiunisuvasnsasuluiin
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Dnvesaingldiwaii
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2.9.1 WnuaadIndla (Mode Switch Off)

o smeeululnuativandunmi 2.14 ndenulwiiainumnaedne (Vs) wagwdasnuluin
IJ ar d o 1 Vo at Var al CJ o =)
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2.10 \WueasduUnsIsA (Infrared Sensor)
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IR Sensor 9g#Ya9lun1svneu ieszezlunisnsiaduaslalnaniiuuu Opposed mode
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g‘dﬁ 2.15 Infrared Obstacle Avoidance Sensor Module
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3.2 Block Diagram
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= Control
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DC Gear motor B .w
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3.3 lAseas19nasn
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O @
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3.4.1 Schematic uay PCB vasuasadwsunuauluduvadeaiou

L0
|

o
Micro SD card
module

Sosaker N S

Orange LED

Arduino?

Supply from Uno

g, | ©0 0000000000000 o« I
motor p2 BTQ  HC-SRO4¢2)  HC-SRO4¢1)

@ m @ m @o P o o
A A

Li-ion battery [y A

U7 3.5 PCB vesuoinmuanludiuvendsaiiou
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3.4.2 Schematic

way PCB Tudauvas Battery Charger waz Boost Converter

Module
P2 Header 3
.
switch
—
Connect with
L293D motor drive
IP40%6. Pl XL6009 3
| | I - |
= - z
L Li-ion e W iy AN |
LI-ION Charger =y A | Header 2X2 Header 2
Y Header 3

gﬂﬁ 3.6 Schematic ludiuvas Battery Charger uas Boost Converter Module

p2
TP4056 5

o

"

XL600S ©

E‘U'ﬁ' 3.7 PCB luduwes Battery Charger Waz Boost Converter Module
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3.4.3 Schematic way PCB Tuduv9974259U Micro vibration motor

P2

D ¢ ==
Diode IN4001 Cap i
100pF Header 2
Vibration
motor
Rl Q
= Resle  _ Pachesss
Pl IK
L293D| 3
GND 2
3v3 I
Header 3

3U# 3.8 Schematic 29939V Micro vibration motor

‘gﬂﬁ 3.9 PCB 719359V Micro vibration motor
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4.2 HANTVARDIINTTYINNITNBUEUDIYDIUN TRl
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TéaAndaiitouldiiu Arduino Uno
#include <AFMotor.h>

ffinclude <Servo.h>

#include <NewPing.h>

#define TRIG_PIN AO

#define ECHO PIN Al

#define TRIG_PIN2 A2

#define ECHO_PIN2 A3

#define MAX_DISTANCE 200
#define MAX_SPEED 180

#define MAX_SPEED OFFSET 20
#define COLL_DIST 40

#define TURN_DIST COLL_DIST+20
#define LEFT_SPEED 100

#define RIGHT SPEED 100

#define AROUND SPEED 100
#define SONAR_NUM 2

#define EDGE_DIST 5

NewPing sonar(A0, A1, 200);
NewPing sonar2(A2, A3, 200);
AF_DCMotor leftMotor(3, MOTOR34_8KHZ)
AF_DCMotor rightMotor(4, MOTOR34 8KHZ);
Servo myservo;

int leftDistance, rightDistance;

int curDist = 0;

int curDist2 = 0;

String motorSet = "
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int speedSet = 0;
const int motorPin = Ad;
void setup() {
pinMode(19,INPUT);
pinMode(motorPin, OUTPUT);
Serial.begin(9600);
digitalWrite(motorPin, LOW);
curDist = readPing();
curDist2 = readPing2();
if (curDist2 > EDGE_DIST)
{
moveStop();
digitalWrite(motorPin, HIGH);
while(curDist2 > EDGE_DIST)
{
curDist2 = readPing2();
}
digitalWrite(motorPin, LOW);

}
int IR=digitalRead(16);

if ((curDist < COLL_DIST)&&(curDist!=0)||(IR==LOW))

{
changePath();

}

moveForward();
delay(500);
}
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void changePath()
{
moveStop();
myservo.write(36);
delay(500);
rightDistance = readPing();
delay(500);
myservo.write(144);
delay(700);
leftDistance = readPing();
delay(500);
myservo.write(90);
delay(100);
Serial.print("\eftDistance=");
Serial.printin(leftDistance);
Serial.print("rightDistance=");
Serial.println(rightDistance);
compareDistance();
}
void compareDistance()

{

if ( (leftDistance>rightDistance) && (leftDistance > COLL DIST))

{
Serial.println("turn left");

turnLeft();
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else if ( (rightDistance>=leftDistance) && (rightDistance > COLL DIST) )
{

turnRight();
i

else

turnAround();

}
int readPing() {
delay(70);
unsigned int uS = sonar.ping();
int cm = uS/US_ROUNDTRIP_CM;
return cm;
}
int readPing2() {
delay(70),
unsigned int uS = sonar2.ping();
int cm = uS/US_ROUNDTRIP_CM,;
return cm;
}
void moveStop() {leftMotor.run(RELEASE); rightMotor.run(RELEASE);}
void moveForward()
{
motorSet = "FORWARD",
leftMotor.run(FORWARD);
rightMotor.run(FORWARD);
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for (speedSet = 0; speedSet < MAX_SPEED; speedSet +=2)
{
leftMotor.setSpeed(speedSet);
rightMotor.setSpeed(speedSet);
delay(5);

}
void moveBackward() {
motorSet = "BACKWARD",
leftMotor.run(BACKWARD);
rightMotor.run(BACKWARD);
for (speedSet = 0; speedSet < MAX SPEED; speedSet +=2)
{
leftMotor.setSpeed(speedSet);
rightMotor.setSpeed(speedSet);
delay(5);

}

void turnRight() {
motorSet = "RIGHT",
leftMotor.run(FORWARD);
leftMotor.setSpeed(RIGHT SPEED);
rishtMotor.run(BACKWARD);
rightMotor.setSpeed(RIGHT SPEED+MAX_SPEED OFFSET);
delay(1000),
motorSet = "FORWARD";
leftMotor.run(FORWARD);
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leftMotor.setSpeed(MAX_SPEED);
rightMotor.run(FORWARD);
rightMotor.setSpeed(MAX_SPEED);
}
void turnLeft() {
motorSet = "LEFT",
leftMotor.run(BACKWARD);
leftMotor.setSpeed(LEFT SPEED+MAX_SPEED OFFSET);
rightMotor.run(FORWARD);
rightMotor.setSpeed(LEFT_SPEED);
delay(1000),
motorSet = "FORWARD";
leftMotor.run(FORWARD);
leftMotor.setSpeed(MAX _SPEED);
rightMotor.run(FORWARD);
rightMotor.setSpeed(MAX_SPEED);
}
void turnAround() {
motorSet = "RIGHT";
leftMotor.run(FORWARD);
leftMotor.setSpeed(AROUND_SPEED);
rightMotor.run(BACKWARD);
rightMotor.setSpeed(AROUND_SPEED+MAX_SPEED OFFSET);
delay(2500);
motorSet = "FORWARD",
leftMotor.run(FORWARD);
leftMotor.setSpeed(MAX_SPEED);
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rightMotor.run(FORWARD);
rightMotor.setSpeed(MAX_SPEED);

T&aAndefitoulsiiu Arduino Nano
#include <SPLh>

#include <NewPing.h>
#tdefine TRIG PIN A2
#define ECHO_PIN A3
#tdefine TRIG_PIN2 A4
#define ECHO PIN2 A5
#define MAX_DISTANCE 300
#define EDGE_DIST 6
#define UPPER_DIST 155
#define SONAR _NUM 2
NewPing sonar(A2, A3, 300);
NewPing sonar2(Ad, A5, 300);
#define red 5

#define yellow 7

#define green 3

#define battery A0
#include <SD.h>

ftinclude <TMRpcm.h>
#define SD_ChipSelectPin 4
TMRpcm tmrpcm;

float batteryV = 0;

int curDist = 0;
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int curDist2 = 0;

void setup() {
tmrpcm.speakerPin = 9;
pinMode(red,OUTPUT);
pinModelyellow,OUTPUT);
pinMode(green,OUTPUT);
pinMode(battery,INPUT);
Serial.begin(9600);

if (ISD.begin(SD_ChipSelectPin)) {
return;
}
tmrpcm.setVolume(d);
}
void loop() {
curDist = readPing();
Serial.print("floor:");
Serial.println(curDist);
delay(2000);

if ((curDist > EDGE_DIST)&&{curDist!=0))
{
tmrpem.play("3.wav");
delay(5000);
}

curDist2 = readPing2();
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Serial.print("ceil:");
Serial.println(curDist2);
delay(2000);

if ((curDist2 < UPPER_DIST)&&(curDist2!=0))

{
tmrpem.play("2.wav");
delay(5000);

}

batteryV = analogRead(battery);

if(batteryV<696){
digitalWrite(red,HIGH);
digitalWrite(yellow,LOW);
digitalWrite(green,LOW),
tmrpem.play("l.wav?);
delay(2500);

3

if(batteryV>913){
digitalWrite(red,LOW);
digitalWrite(yellow,LOW);
digitalWrite(green,HIGH);

}

if(batteryV>696 && batteryV<913)(
digitalWrite(red,LOW);
digitalWrite(yellow,HIGH);
digitalWrite(green,LOW);

}
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}

int readPing() {
delay(70);
unsigned int uS = sonar.ping();
int cm = uS/US_ROUNDTRIP_CM;
return cm;

}

int readPing2() {
delay(70);
unsigned int uS = sonar2.ping();
int cm = uS/US_ROUNDTRIP_CM;

return cm;
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ARDUINO

Arduino Uno R2 Front Arduino Uno SMD Arduino Uno Front Ardurno Uno Back

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial

converter
Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put

into DFU mode
Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5v

Input Voltage (recommended) 7-12V



Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

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

The power pins are as follows:

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

e 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.
3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

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

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

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

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




e SPI: 10 (SS), 11 (MOSI), 12 (MISO0), 13 (SCK). These pins support SPI communication

using the SPI library.
e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the

LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AO 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:

e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI 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.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows,
a_.inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

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

The ATmega328 also supports I12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the I12C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

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

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

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

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

¢ On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

e On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset



Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

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

USB Overcurrent Protection

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

Physical Characteristics

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



ROBOT . HEAD to TOE
Product User’'s Manual - HC-SR04 Ultrasonic Sensor

Cyitron

Technologie

User's Manual

V1.0

May 2013

Information contained in this publication regarding device applications and the like is intended through suggestion
only and may be superseded by updates. It is your responsibility to ensure that your application meets with your
specifications. No representation or warranty is given and no liability is assumed by Cytron Technologies
Incorporated with respect to the accuracy or use of such information or infringement of patents or other
intellectual property rights arising from such use or otherwise. Use of Cytron Technologies's products as critical
components in life support systems is not authorized except with express written approval by Cytron
Technologies. No licenses are conveyed, implicitly or otherwise, under any intellectual property rights.

Created by Cytron [echnologies sdn. Bhd. — All Rights Reserved




ROBOT . HEAD to TOE
Product User’'s Manual — HC-SR04 Ultrasonic Sensor

Index

1. Introduction 3
2. Packing List 4
3. Product Layout 5

4. Product Specification and Limitation 6
5. Operation &
6. Hardware Interface 8
7. Example Code p
8. Warranty 10

Created by Cytron Technologies Sdn. Bhd. — All Rights Reserved Z



ROBOT . HEAD to TOE
Product User’'s Manual — HC-SR04 Ultrasonic Sensor

1.0 INTRODUCTION

The HC-SRO04 ultrasonic sensor uses sonar to determine distance to an object like bats or dolphins
do. It offers excellent non-contact range detection with high accuracy and stable readings in an
easy-to-use package. From 2cm to 400 cm or 1™ to 13 feet. It operation is not affected by sunlight
or black material like Sharp rangefinders are (although acoustically soft materials like cloth can be
difficult to detect). It comes complete with ultrasonic transmitter and receiver module.

Features:

Power Supply :+5V DC

Quiescent Current : <2mA

Working Currnt: 15mA

Effectual Angle: <15°

Ranging Distance : 2cm — 400 cm/1" - 13ft
Resolution : 0.3 cm

Measuring Angle: 30 degree

Trigger Input Pulse width: 10uS

Dimension: 45mm x 20mm x 15mm

Created by Cyfron Technologies sdn. Bhd. — Al Rights Reserved B
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2.0 PACKING LIST

1. 1 x HC-SR04 module

Creafed by Cytron Technologies Sdn, Bhd. — All Rights Reserved 4
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3.0 PRODUCT LAYOUT

VCC =+5VDC
Trig = Trigger input of Sensor
Echo = Echo output of Sensor

GND = GND
‘7 I QN 7S5
| Smun '
Y . | : i
- l J 15
- 43mm Ly l
s ;
| \ /
20mth ! | } [ |
|\
; 2 | Pracfical test of performance.
- - ' Best in 30 degree angle
40mn
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4.0 PRODUCT SPECIFICATION AND LIMITATIONS

Parameter Min Typ. Max Unit
Operating Voltage 4.50 5.0 5.5 \Y%
Quiescent Current 1.5 2 25 mA
Working Current 10 15 20 mA
Ultrasonic Frequency - 40 - kHz

Created by Cyfron Technologies Sdn. Bhd. — Al Rights Reserved 8]
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5.0 OPERATION

The timing diagram of HC-SR04 is shown. To start measurement, Trig of SR04 must receive a
pulse of high (5V) for at least 10us, this will initiate the sensor will transmit out 8 cycle of ultrasonic
burst at 40kHz and wait for the reflected ultrasonic burst. When the sensor detected ultrasonic from
receiver, it will set the Echo pin to high (5V) and delay for a period (width) which proportion to
distance. To obtain the distance, measure the width (Ton) of Echo pin.

Time = Width of Echo pulse, in uS (micro second)
e Distance in centimeters = Time / 58
e Distance in inches = Time / 148
e Or you can utilize the speed of sound, which is 340m/s

Initiate Echo back
]
10uS|TTL to [signal pin pulse width corresponds to distance
(about 150uS-25ms, 38ms if no obstacle)
Signal e
Formula:

pulse width (uS) /58= distance (cm)

puise width (uS) /148= distance (inch)
Internal |

Ultrasonic Transducer will issue 8 40kHz pulse
Note:

® Please connect the GND pin first before supplying power to VCC.
® Please make sure the surface of object to be detect should have at least 0.5 meter?
better performance.

Created by Cyfron Technologies sdn. Bhd. — All Rights Reserved 7
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6.0 HARDWARE INTERFACE

Here is example connection for Ultrasonic Ranging module to Arduino UNO board. It can be
interface with any microcontroller with digital input such as PIC, SK40C, SK28A, SKds40A,

Arduino series.

OMD OND  Jdwy OND

aunowd awaus E1 LT TE 01 6 # € £ xixe

'
T RALALLL

L 9 | | L
DIGITAL

AD 1 3 1
ANALOG IN
T B W
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7.0 EXAMPLE CODE

This is example code Ultrasonic Ranging module. Please download the complete code at the
product page.

#include "Ultrasonic.h”™

#include <LiquidCrystal.h>
LigquidCrystal lcd(8, 9, 4, 5, 6, 7):
Ultrasonic ultrasonic(l2,13);

vold setup () {

lcd.begin(le, 2);

led. getCursor (0, 0);

led,print ("HC-SR4 testing..™):
delay(1000);

vold loop ()

i
fr/lod.clegt /) ;
lcd.setCursor (0, 19;
led.print{ultrasonic. Ranging (CM) ) »
led.print(™em: "):

delay(100);

Created by Cyfron Technologies Sdn. Bhd. — All Rights Reserved g
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8.0 WARRANTY

e Product warranty is valid for 6 months.

e Warranty only applies to manufacturing defect.

e Damaged caused by miss-use is not covered under warranty
e Warranty does not cover freight cost for both ways.

Prepared by
Cytron Technologies Sdn. Bhd.
19, Jalan Kebudayaan 1A,
Taman Universiti,
81300 Skudai,
Johor, Malaysia.

Tel: +607-521 3178
Fax: +607-521 1861

URL: www.cvtron.com.my

Email: support@cytron.com.my
sales@cytron.com.my

Created by Cyfron Technologies sdn. Bhd. — All Rights Reserved IO



SERVO MOTOR SG90 DATA SHEET
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Tiny and lightweight with high output power. Servo can rotate approximately 180 degrees (90 in each direction), and works just like the standard kinds
but smaller. You can use any servo code, hardware or library to control these servos. Good 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. It comes with a 3 horns (arms) and hardware.

Dimensions & Spéciﬁcations
A (mm): 32
B A
C (mm): 28.5
):

AR
E (mm): 32
F (mm):19.5
Speed (sec) : 0.1
Torque (kg-cm) : 2.5
Weight (g) : 14.7
Voltage : 4.8 -6

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse) is middle, DAA/ R
is all the way to the right, "-90" (~1ms pulse) is all the way to the left. PWM=0ran ge (J - —

Vcc=Red (+) 4 ©
Ground=Brown (=) —

and Signal

1-2ms
Duty Cycle
4.8V (~5V) 1 |
Power

20 ms (50 Hz)
PWM Period



Panasonic

Lithium lon

NCR18650PF

Features & Benefits

* High energy and power
density

* Long, stable, high power

* High safety performance

* |deal for power assisted
bicycles, 2-way radios,
medical devices and
robotics.

* At temperatures below 10°C,
charge at a 0.25C rate.

Specifications Dimensions
Rated capacity™ | Min. 2700mAh Max. 18.5 mm
Capacity@ Min. 2750mAh £
Typ. 2900mAh - l £
Nominal voltage 3.6V *Withtube  (+) ©
Charging CC-CV, Std. 1375mA, 4.20V, 4.0 hrs o F
Weight (max.) 48.0¢g E
Temperature Charge*: 0to +45°C . ]
Discharge: ~ -20 to +60°C = o
Storage: -20 to +50°C S
Energy density®  |Volumetric: 577 Wh/I : |
Gravimetric: 207 Wh/kg (=)

WAt 20°C @At 25" C B Energy density based on bare cell dimensions

For Reference Only

Charge Characteristics

Cycle Life Characteristics

Charge:

CC-CV 0.5 (max) 4.20V, 100mA cut-off at 25°C

Charge:  CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C
5.0 5000
45 4000
a0 VOLTAGE = E—-
s 3000 £ £
w P
g 35 J zZE
- e U
<] 2000 &
= 30 o=
CURRENT o
2.0 0
0 50 100 150 200
TIME (minutes)
Discharge Characteristics (by temperature)
Charge: CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C
45 —| Discharge: CC 1C, 2.5V cut-off at each temperature
4.0
-.‘>: 35
-
]
£
O 3.0
>
25
2.0
0 500 1000 1500 2000 2500 3000

Jun

DISCHARGE CAPACITY (mAh)

—-10°C 0°C —25°C —=45°C

CAPACITY (mAh)
SRS B

g

Discharge: CC 1C, 2.5V cut-off at 25°C

\

0 100

300 500 600

CYCLE COUNT

200 400

Discharge Characteristics (by rate of discharge)

a5

4.0

o
n

VOLTAGE (V)
w
o

25

2.0

Charge:  CC-CV 0.5C (max) 4.20V, 100mA cut-off at 25°C
Discharge: CC, 2.5V cut-off at 25°C

2500 3000

1000 1500 2000
DISCHARGE CAPACITY (mAh)

500

——=0.2C 1C. =——=2C

The data in this document is for descriptive purposes only and is not intended to make or imply any guarantee or warranty.

. 2016 | Copyright© 2016 All Rights Reserved.



L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 2002

Featuring Unitrode L293 and L293D
Products Now From Texas Instruments

Wide Supply-Voltage Range: 4.5V to 36 V
Separate Input-Logic Supply

Internal ESD Protection

Thermal Shutdown

High-Noise-Immunity Inputs

Functional Replacements for SGS L293 and
SGS L293D

Output Current 1 A Per Channel
(600 mA for L293D)

® Peak Output Current 2 A Per Channel
(1.2 A for L293D)

® OQutput Clamp Diodes for Inductive
Transient Suppression (L293D)

description

The L293 and L293D are quadruple high-current
half-H drivers. The L293 is designed to provide
bidirectional drive currents of up to 1 A at voltages
from 4.5 V to 36 V. The L293D is designed to
provide bidirectional drive currents of up to
600-mA at voltages from 4.5 V to 36 V. Both
devices are designed to drive inductive loads such
as relays, solenoids, dc and bipolar stepping
motors, as well as other high-current’high-voltage
loads in positive-supply applications.

N, NE PACKAGE

(TOP VIEW)
1,2EN []1 v 16(] Vce1
1A[l2  15[]4A
1Y |3 14]] 4Y
HEAT SINK AND { 4 13 } HEAT SINK AND
GROUND 3 [Is  12[] /' GROUND
2y [|e 1] 3y
2A |7 10(] 3A
Veez 8 9] 3.4EN
DWP PACKAGE
(TOP VIEW)
12enn " 28l veos
1A[] 2 27[] 4A
1Y[] 3 26[] 4Y
NC [} 4 25[] NC
NCE 5 24[] NC
NC([ls 23|] NC
7 22(]
HEAT SINK AND HEAT SINK AND
GROUND {[ 8 21] } GROUND
15 20]]
NC[l10  19f]NC
NC [] 11 18[] NC
2y[l12 173y
2Afl13 18]l 3A
Veea [l 14 15[] 3.4EN

All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington transistor
sink and a pseudo-Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and
drivers 3 and 4 enabled by 3,4EN. When an enable input is high, the associated drivers are enabled and their
outputs are active and in phase with their inputs. When the enable input is low, those drivers are disabled and
their outputs are off and in the high-impedance state. With the proper data inputs, each pair of drivers forms
a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression.

A V1 terminal, separate from Vo, is provided for the logic inputs to minimize device power dissipation.
The L293and L293D are characterized for operation from 0°C to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

dard warranty. Pr p ing does not ily include
testing of all parameters.

{i‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 2002, Texas Instruments Incorporated



L293, L293D
QUADRUPLE HALF-H DRIVERS
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eSS

block diagram

Vce

o g gl (
0

A (

=1

0
Ve

NOTE: Output diodes are internal in L293D.

TEXAS INSTRUMENTS
AVAILABLE OPTIONS

TA

PACKAGE

PLASTIC
DIP
(NE)

0°C to 70°C

L293NE
L293DNE

[ ‘ Unitrode Products
== | from Texas Instruments
AVAILABLE OPTIONS
PACKAGED DEVICES
- SMALL PLASTIC
OUTLINE DIP
(DWP) (N)
) 3 L293DWP L293N
0°C to G L293DDWP L293DN

The DWP package is available taped and reeled. Add
the suffix TR to device type (e.g., L293DWPTR).

‘? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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QUADRUPLE HALF-H DRIVERS
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=

logic diagram

FUNCTION TABLE
(each driver)

INPUTST OUTPUT
A EN Y
H H H
L H L
X L z

H = high level, L = low level, X = irrelevant,

Z = high impedance (off)

Tn the thermal shutdown mode, the output is
in the high-impedance state, regardless of

the input levels.

1a 2 T 3 vy
1,2eN

2a T > 6 oy

aa 10 ™ 1N sy
34EN 2

S Y2 > LI

schematics of inputs and outputs (L293)

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

Vet

Current
Source

Input

GND

—— Output

Vecez

GND

‘? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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[Ers e

e e s ——
schematics of inputs and outputs (L293D)
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
=== Veez
Veed ® ——
Current l
Source
o p
Input L Qutput
p
GND e e
= GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage NV roq (see>biftcuidetd. . 8F SN N[ AT \ 4, D W bl S0 . . BN ... 36V
Qutput supply yoltage, Viees L3L1SN. Wb N1~ ot € LVnd) L2020 N 0. 7. . L% ... 36V
Input voltagel V| o). . .o - # foencney A dA £, IO |\ NUGAEY Tt oo M e C - B0 . .. 7V
Output voltagejrange, V@ 2. Povrered. a4 . Adetofd . \ LA Brrperreend £3. -3VtoVgee +3V
Peak output current, Ig (nonrepetitive, t <5ms): L293 ... .. . i 2 A
Peak output current, Ig (nonrepetitive, t < 100 ps): L293D ... vttt it +1.2A
Continuous BulputSurrentflge™L288 X 0 (ALt 8. Byt ey . . B8 . 1A
Continuous auibufEyrrent, 15002930 . | \§ e nontaagr g) L 87 s oo L +600 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Notes 2and 3) ....... 2075 mW
Continuous total dissipation at 80°C case temperature (see Note 3) ......................... 5000 mW
Maximum junctipl, tefmipegature, TR, .. . NAUX. . B M. . Q. . oo - S .. 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  ............c.coiiiiiinnninn.... 260°C
Storage temperature range, Petg - Ao 2 P) O ) e LS (L B —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to the network ground terminal.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C.

3. Foroperation above 25°C case temperature, derate linearly at the rate of 71.4 mW/°C. Due to variations in individual device electrical
characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or
below the rated dissipation.

{? TeEXxAs
INSTRUMENTS
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recommended operating conditions

MIN  MAX | UNIT
V 45 7
Supply voltage ZiER \%
Veez Veed 36
V STV 23 V \%
ViH  High-level input voltage cel Sl
Vo127V 2.3 7 \4
VIL  Low-level output voltage -0t 16| v
Ta Operating free-air temperature 0 70 °C

T The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage levels.

electrical characteristics, Vcc1 =5V, Vcg2 =24V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH  High-level output voltage tgggbj'%:ifog \ Veco-18  Vggo-1.4 v
VoL Low-level output voltage Il:gggD I|%|L_== 102 A 1.2 1.8 \%
VokH High-level output clamp voltage L293D: lgk=-0.6 A Vieca+ 1.3 v
VokL Low-level output clamp voltage L293D: gk =06 A 1.3 \
lIIH High-level input current o VI=7V X i pA
EN 0.2 10
L Low-level input current a V=0 & =t WA
EN -2 -100
All outputs at high level 13 22
IccH Logic supply current lp=0 All outputs at low level 35 60 mA
All outputs at high impedance 8 24
All outputs at high level 14 24
lcc? Output supply current lp=0 All outputs at low level 2 mA
All outputs at high impedance
switching characteristics, Vggq =5V, Vg2 =24V, T = 25°C
L293NE, L293DNE
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
tpLH Propagation delay time, low-to-high-level output from A iriput 800 ns
tpHL Propagation delay time, high-to-low-level output from A input y 400 ns
e . CL =30 pF, See Figure 1
trLy  Transition time, low-to-high-level output 300 ns
ttHL  Transition time, high-to-low-level output 300 ns
switching characteristics, Vcc1 =5V, Vog2 =24 V, Tp = 25°C
L293DWP, L293N
PARAMETER TEST CONDITIONS L293DDWP, L293DN | uNIT
MIN  TYP MAX
tprH Propagation delay time, low-to-high-level output from A input 750 ns
tpHL Propagation delay time, high-to-low-level output from A input . 200 ns
e - CL =30 pF, See Figure 1
trLH  Transition time, low-to-high-level output 100 ns
ttHL  Transition time, high-to-low-level output 350 ns
Lt e i AT S———— —
U
"J TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5
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PARAMETER MEASUREMENT INFORMATION

Input 5V 24V Input

Vv V|
Pulse CC1VvVcez

Generator o A
(see Note B)

Y T Output
CL =30 pF
¥ EN (see Note A)

Output

i

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. C_ includes probe and jig capacitance.
B. The pulse generator has the following characteristics: tr < 10 ns, tf < 10 ns, ty, = 10 ps, PRR = 5 kHz, Zg = 50 Q.

Figure 1. Test Circuit and Voltage Waveforms

*f? TEXAS
INSTRUMENTS
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APPLICATION INFORMATION

5V 24V
Vcez
+ Vee
é 10 kQ2 L =
1,2EN
> =
Control A IR Lid *—9
2 y 3
y Motor
2A 2Y
7 6 =
3,4EN —j
9 j—
::. : .
Control B 5 4 *—9
; y ¥
4A ]li ( 4 o\
15 14 y
L Thermal
Shutdown L

Jj, 5,12,13

GND

Figure 2. Two-Phase Motor Driver (L293)

‘9 TeExAS
INSTRUMENTS
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APPLICATION INFORMATION

5V 24V

é Veet Veez
10 kQ i 4

1,2EN
1
: '?
Control A JA -3 L

Motor

| -i 6
3,4EN

Control B

e
TRt S'c ca

>
&
JUE i 0
>

15 § 14
Thermal
9 shutdown

Figure 3. Two-Phase Motor Driver (L293D)

{':‘ TeExAS
INSTRUMENTS
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APPLICATION INFORMATION

Veez2 ©

Figure 4. DC Motor Controls
(connections to ground and to
supply voltage)

Veez O
— 2 « SES5001

16
gl —© Vcei
— |
| 1/2 L293 1
AY S=—2#Ta " EN
-_-_Jr 4,512,13
GND

Figure 5. Bidirectional DC Motor Control

L293, L293D

QUADRUPLE HALF-H DRIVERS

SLRS008B — SEPTEMBER 1986 — REVISED JUNE 200%

EN 3A M1 4A M2
H H Fast motor stop Run
H L Run L Fast motor stop
L X Free-running motor X Free-running motor
stop stop
L =low, H = high, X = don't care
EN 1A 2A FUNCTION
H L H Turn right
H H L Turn left
H L L Fast motor stop
H H H Fast motor stop
I X X Fast motor stop

L = low, H = high, X = don't care

{'P TeExas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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APPLICATION INFORMATION

IL1/1L2 = 300 mA

o+ 5
0.22pF

L293

D1-D8 = SES5001

Figure 6. Bipolar Stepping-Motor Control

mounting instructions

10

The Rthj-amp of the L293 can be reduced by soldering the GND pins to a suitable copper area of the printed
circuit board or to an external heatsink.

Figure 9 shows the maximum package power PtoT and the 64 as a function of the side ! of two equal square
copper areas having a thickness of 35 um (see Figure 7). In addition, an external heat sink can be used (see
Figure 8).

During soldering, the pin temperature must not exceed 260°C, and the soldering time must not be longer than
12 seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

{’? TeExAs
INSTRUMENTS
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APPLICATION INFORMATION

Copper Area 35-um Thickness

-
=

{

LI L4 L
N

L LIl

Printed Circuit Board

Figure 7. Example of Printed Circuit Board Copper Area
(used as heat sink)

Fﬂ.o mm
\ﬁ

11.9 mm

38.0 mm

<>

Figure 8. External Heat Sink Mounting Example
(6ya = 25°C/W)

{'r‘ TEXAS
INSTRUMENTS
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APPLICATION INFORMATION

MAXIMUM POWER AND JUNCTION

MAXIMUM POWER DISSIPATION

Vs vs
. THERMAL RESISTANCE AMBIENT TEMPERATURE
80
5T X
BI 0JA E ;, \\ With Infinite Heat Sink
c 3 ™ 60 ¢ c 4 N\
i) ™ | 8 N \
2 8 % N
2 s 2 N
2 ~_ £ @ 3 Heat Sink With 0a = 25°C/W \
a 2 - b 40 % o
s Lo g 5 N
= 2
L 1] o
I L~ E A - Free Air \ \
L N N RN
-
E < f 1 - \‘
X \\Q
0 0 0
0 10 20 30 40 50 -50 0 50 100 150
Side /| — mm Ta — Ambient Temperature — °C
Figure 9 Figure 10

{’? TEXAS
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XLSEMI®

XL6ODS

400KHz 6OV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Features

Wide 5V to 32V Input Voltage Range
Positive or Negative Output Voltage
Programming with a Single Feedback Pin
Current Mode Control Provides Excellent
Transient Response

1.25V reference adjustable version

Fixed 400KHz Switching Frequency
Maximum 4 A Switching Current

SW PIN Built in Over Voltage Protection
Excellent line and load regulation

EN PIN TTL shutdown capability
Internal Optimize Power MOSFET

High efficiency up to 94%

Built in Frequency Compensation

Built in Soft-Start Function

Built in Thermal Shutdown Function
Built in Current Limit Function

Available in TO263-5L package

Applications

EPC / Notebook Car Adapter
Automotive and Industrial Boost /
Buck-Boost / Inverting Converters
Portable Electronic Equipment

General Description

The XL6009 regulator is a wide input range,
current mode, DC/DC converter which is
capable of generating either positive or
negative output voltages. It can be configured
as either a boost, flyback, SEPIC or inverting
converter. The XL6009 built in N-channel
power MOSFET and fixed frequency
oscillator, current-mode architecture results in
stable operation over a wide range of supply
and output voltages.

The XL6009 regulator is special design for
portable electronic equipment applications.

TO263-5L
Figurel. Package Type of XL.6009

Rev 1.1

www.xlsemi.com



XLSEMI® XL6OO3

400KHz 6OV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Pin Configurations

TO263-5L

5 |11 FB
VIN

Lt B B VS R S ]

— 1T 1 GND

1
Metal Tab SW

Figure2. Pin Configuration of XL6009 (Top View)

Table 1 Pin Description

Pin Number | Pin Name | Description

1 GND Ground Pin.

Enable Pin. Drive EN pin low to turn off the device, drive it

2 $) high to turn it on. Floating is default high.
3 SW Power Switch Output Pin (SW).

Supply Voltage Input Pin. XL.6009 operates from a 5V to 32V
- VIN DC voltage. Bypass Vin to GND with a suitably large

capacitor to eliminate noise on the input.

Feedback Pin (FB). Through an external resistor divider
5 FB network, FB senses the output voltage and regulates it. The
feedback threshold voltage is 1.25V.

Rev 1.1 www.xlsemi.com



XLSEMI ? XL6ODS

400KHz BOV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Function Block
EN
1 | SW
4
25V 2.5V Regulator uvLo i H
1.25V Reference |
Thermal
Soft Start S hutdown

Fhase Compensation

Oscillator
400KHz

Figure3. Function Block Diagram of XL6009

Typical Application Circuit

m_‘ D1 1N5824 VOUT 18. 5V
1 S——— |
L 33uh/4A '
R2 [13. 8K
SW |
VIN . FB
° —4  XL6009 5
T I 1 9 Cour
‘ 105 220uf/50V
. et J— GND EN N J_
T T~ )
VIN = — il
CIN 105 ON ‘
i aTuf |/50v | orr— L J
! L ; | S
Boost Converter
Input 12V 7 16V
Output 18.5V / 2.5A

VOUT=1. 25% (1-R2/R1)

Figure4. XL6009 Typical Application Circuit (Boost Converter)

Rev 1.1 www.xlsemi.com



XLSEMI®

XLBODS

400KHz 6OV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Ordering Information

Part Number Marking ID .
Packing Type
Packace Temperature Lead Free Lead Free
& Range XL6009E1 XL6009E] Tube
XL6009TRE1 XL6009E1 Tape & Reel

XLSEMI Pb-free products, as designated with “E1” suffix in the par number, are RoHS compliant.

Absolute Maximum Ratings (Notel)

Parameter Symbol Value Unit
Input Voltage Vin -0.3 to 36 Vv
Feedback Pin Voltage VrB -0.3 to Vin \Y%
EN Pin Voltage VEN -0.3 to Vin Vv
Output Switch Pin Voltage Vouiput -0.3to 60 \%
Power Dissipation Pp Internally limited mW
Therm'al Resmtanf:e (T0263-5L? | Rix 30 oC/W
(Junction to Ambient, No Heatsink, Free Air)
Operating Junction Temperature T, -40 to 125 1
Storage Temperature Tstg -65 to 150 %€6©
Lead Temperature (Soldering, 10 sec) TLEAD 260 i >
ESD (HBM) >2000 \%

Notel: Stresses greater than those listed under Maximum Ratings may cause permanent damage
to the device. This is a stress rating only and functional operation of the device at these or any
other conditions above those indicated in the operation is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect reliability.
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XLSEMI® HL500S

400KHz 6OV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

XL6009 Electrical Characteristics
T, = 25°Cunless otherwise specified.

Symbol | Parameter Test Condition Min. | Typ. | Max. | Unit

System parameters test circuit figured

Feedback Vin= 12V to 16V, Vout=18V

VFB 1215 1 128 | 1280 W
Voltage [load=0.1Ato 2A
Vin=12V ,Vout=18.5V
Effici ’ - 92 - %
1iciency N — 0

Electrical Characteristics (DC Parameters)
Vin= 12V, GND=0V, Vin & GND parallel connect a 220uf/50V capacitor; lout=0.5A, T, =
25°C; the others floating unless otherwise specified.

Parameters Symbol Test Condition Min. | Typ. | Max. | Unit
Input operation voltage Vin 5 B2 \%
Shutdown Supply Current Isty Vin=0V 70 100 uA
. Ven =2V,
t Supply C t I 29 5 mA
Quiescent Supply Curren . Ven <Vin
Oscillator Frequency Fosc 320 | 400 | 480 Khz
Switch Current Limit I Vg =0 4 A
Vin=12V,
Output Power NMOS Rdson - 110 | 120 | mohm
Isw:4A
EN Pin Threshold v High (Regulator ON) 1.4 v
in
| Low (Regulator OFF) 0.8
EN Pin Input Leakage| [In Vin =2V (ON) 3 10 | uA
Current It Vin =0V (OFF) 3 10 uA
Max. Duty Cycle Dmax V=0V 90 %
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XLSEMI®

XL600

400KHz 6OV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Schottky Diode Selection Table

Current | Surface | Through | VR (The same as system maximum input voltage)
Mount | Hole
20V 30V 40V 50V 60V
1A J IN5817 IN5818 IN5819
V IN5820 IN5821 IN5822
v MBR320 MBR330 MBR340 | MBR350 MBR360
N SK32 SK33 SK34 SK35 SK36
4 J 30WQ03 30WQ04 | 30WQO05
v 31DQO03 31DQ04 | 31DQO5
v SR302 SR303 SR304 SR305 SR306
v IN5823 IN5824 | IN5825
V SR502 SR503 SR504 SR505 SR506
o V SB520 SB530 SB540 SB550 SB560
J 50WQ03 50WQ04 | 50WQO05

Typical System Application for EPC/Notebook Car Adapter — Boost (Output 18.5V/2.5A)

m D1 1N5824 VOUT 18. 5V
; > *
L 33uh/4A
R2 |13. 8K
N ;
VIN i FB
. 4 XL6009 5
. . 5 | Cour
L . 105 | 220uf/50V
- GND ‘EN RIS IK — —=
VIN 105 e o
‘ Ciy ON _L |
l A7uf |/50V OFF— | J

Boost Converter

Input 12V © 16V
Output 18.5V / 2.5A
VOUT=1. 25% (1-R2/R1)

|

Figure5. XL6009 Typical System Application (Boost Converter)
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XLSEMI ° XLe003

400KHz B0V 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Typical System Application for Portable Notebook Car Adapter
— SEPIC Buck-Boost Topology (Input 10V~30V, Output 12V/2A)

LIA 47uh/4A  L1B 47ub/4A of VOUT 12V

L | =
g g { D1 IN5825
° f

0—‘ ECDC 22uf/50V g
3

SW R2| 8. 6K

e
. N4 XL6009 51 )
AOUT

T J; d 2 105 | 220uf/50V
4 GND EN R1 1K L
, b T T ™~
VIN | R N
1 105 |
LIN | ONJ '_]_
47ufJ,f50v { OFF—

Buck-Boost Converter
Input 10V = 30V
Output 12V / 24
VOUT=1. 25% (1+R2/R1)

)
Y|

Figure6. XL6009 Typical System Application (SEPIC Buck-Boost Converter)

Typical System Application for Inverting Converter
— SEPIC Inverting Topology (Input 10V~30V, Output + -12V/1A)

t VOUT 12V
1 Cout
L1C ,Con
D1 1N5825T-'~0L1f/00\’
=" . *>
CDC\EZUffSOV
T of YOUT_-12v
. & o i ‘
: D1 1N5825 T ‘
L1A LIB
L]
I 1
1’—‘ CDC 22Uf/”50V
e R2| 8. 6K
1_37
VIN -
! s XLEoo9 sFB—— |
‘ 1 £ Cour
I 105 | 220uf/50V
ol GND ™ u g MO
" Gy 105 .
i 47uf | /50V pea I
SEPIC + - Converter
Tnput 10V ™ 30V

Output 12V / 1A
VOUT=1. 25% (1+R2/R1)

Figure7. XL6009 Typical System Application (SEPIC Inverting Converter)
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XLSEMI ? XLeOO9

400KHz BOV 4A Switching Current Boost / Buck-Boost / Inverting DC/DC Converter

Package Information

TO263-5L
# E _f
F > le—~a
JET A Tale
-3 F,,__E
m]
v I
H |:1 e 4 c
Dimensions In Millimeters Dimensions In Inches
Symbol
Min. Max. Min. Max.
4.06 4.83 0.160 0.190
B 0.76 1.02 0.030 0.040
0.36 0.64 0.014 0.025
CcC2 1.14 1.40 0.045 0.055
D 8.64 9.65 0.340 0.380
E 9.78 10.54 0.385 0.415
e 1.57 1.85 0.062 0.073
F 6.60 a1 0.260 0.280
L 15.11 16.37 0.595 0.605
L2 - 1.40 - 0.055
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is currentand complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

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

Tldoes not warrant or represent that any license, either express orimplied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
inwhich Tl products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from T| under the patents or other intellectual property of TI.

Reproduction of information in T| data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated T| product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright © 2002, Texas Instruments Incorporated
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setSpeed(speed)

run(cmd)

AF_Stepper Class

AF_Stepper steppername(steps, portnumber)
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setSpeed(RPMspeed)
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Overview

This tutorial is for the now ancient V1 Motor shield. Chances are you have a V2, check out the tutorial
1C : (o) This tutorial is for historical reference and

previous customers only!
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Arduino is a great starting point for electronics, and with a motor shield it can also be a nice tidy platform for robotics
and mechatronics. Here is a design for a full-featured motor shield that will be able to power many simple to medium-
complexity projects.

2 connections for 5V 'hobby' servos connected to the Arduino's high-resolution dedicated timer - no jitter!
Up to 4 bi-directional DC motors with individual 8-hit speed selection (so, about 0.5% resolution)

Up to 2 stepper motors (unipolar or bipolar) with single coil, double coil, interleaved or micro-stepping.

4 H-Bridges: L293D chipset provides 0.6A per bridge (1.2A peak) with thermal shutdown protection, 4.5V to 25V
Pull down resistors keep motors disabled during power-up

Big terminal block connectors to easily hook up wires (10-22AWG) and power

Arduino reset button brought up top

2-pin terminal block to connect external power, for seperate logic/motor supplies

Tested compatible with Mega, Diecimila, & Duemilanove

Full kit available for purchase from the Adafruit shop. (http://adafru.it/81)

Download the easy-to-use Arduino software libraries and you're ready to go! (https://adafru.it/aON)
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FAQ

This tutorial is for the now ancient V1 Motor shield. Chances are you have a V2, check out the tutorial

This tutorial is for historical reference and
previous customers only!

How many motors can | use with this shield?
You can use 2 DC servos that run on 5V and up to 4 DC motors or 2 stepper motors (or 1 stepper and up to 2 DC
motors)

Can | connect more motors?
No, at this time it is not possible to stack the shield or otherwise connect it up easily to control 4 steppers, for

example.

HELP! My motor doesnt work! - HELP! My motor doesnt work!...But the servos work FINE!
Is the LED lit? The Stepper and DC motor connections wont do a single thing if the LED is not lit

Don't bother writing up uploading code or wiring up motors if the LED doesn't light up, its not going to work.

What is the LED for?
The LED indicates the DC/Stepper motor power supply is working. If it is not lit, then the DC/Stepper motors will not
run. The servo ports are 5V powered and does not use the DC motor supply.

I'm trying to build this robot and it doesn't seem to run on a 9V battery....
Please read the user manual for information about appropriate power supplies.

Can this shield control small 3V motors?
Not really, its meant for larger, 6V+ motors. It does not work for 3V motors unless you overdrive them at 6V and
then they will burn out faster

What is the power connector on the shield for? How do | power my motors?
Please read the user manual for information about appropriate power supplies.

My Arduino freaks out when the motors are running! Is the shield broken?
Motors take a lot of power, and can cause 'brownouts' that reset the Arduino. For that reason the shield is designed
for seperate (split) supplies - one for the electronics and one for the motor. Doing this will prevent brownouts.
Please read the user manual for information about appropriate power supplies.

I have good solid power supplies, but the DC motors seem to 'cut out' or 'skip'.
Try soldering a ceramic or disc 0.1uF capacitor between the motor tabs (on the motor itself!) this will reduce noise

that could be feeding back into the circuit (thanks macegr!)

What if | need more than 600mA per motor?
You can subsitute SN754410's (at your risk) or piggyback solder some more L293D drivers on top of the existing
ones.

What pins are not used on the motor shield?
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All 6 analog input pins are available. They can also be used as digital pins (pins #14 thru 19)
Digital pin 2, and 13 are not used.

The following pins are in use only if the DC/Stepper noted is in use:
Digital pin 11: DC Motor #1/ Stepper #1 (activation/speed control)
Digital pin 3: DC Motor #2 / Stepper #1 (activation/speed control)
Digital pin 5: DC Motor #3 / Stepper #2 (activation/speed control)
Digital pin 6: DC Motor #4 / Stepper #2 (activation/speed control)

The following pins are in use if any DC/steppers are used
Digital pin 4, 7, 8 and 12 are used to drive the DC/Stepper motors via the 74HC595 serial-to-parallel latch

The following pins are used only if that particular servo is in use:
Digitals pin 9: Servo #1 control
Digital pin 10: Servo #2 control

Which pins are connected to the DC/Stepper motors?
The DC/Stepper motors are NOT connected to the Arduino directly. They are connected to the 74HC595 latch
which is spoken to by the Arduino. You CANNOT talk directly to the motors, you MUST use the motor shield library.

Huh? | don't understand...
You can try reading this nice overview written by Michael K

How can | connect to the unused pins?
The analog pins (analog 0-5 also known as digital pins 14-19) are broken out in the bottom right corner.

Pin 2 has a small breakout since its the only truly unused pin

The remaining pins are not broken out because they could be used by the motor shield. If you are sure that you are
not using those pins then you can connect to them by using stacking headers when assembling the kit or soldering
onto the top of the header with wires, or using a "Wing shield"

I get the following error trying to run the example code: "error: AFMotor.h: No such file or directory...."
Make sure you have installed the AFMotor library

How do | install the library?
Read our tutorial on libraries

| have two stepper motors and | want to run them simulaneously but the example code can only control one and
then the other?

The stepper motor library step() routine does not have the ability to run both motors at a time. Instead, you will have
to 'interleave’ the calls. For example, to have both motors step forward 100 times you must write code like this:

for (i=0; i<100; i++) {
motorl.step(l, FORWARD, SINGLE);
motor2.step(1, FORWARD, SINGLE);

}

If you want more intelligent control, check out the AccelStepper library (in the Downloads section) which has some
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