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Avatrnonon Mnxavikwyv AlakoTrtwy (Bouncing)

‘Evag unxavikog d1aKOTITNG KAVOVIKA avOoIXTOC av TTaTtnoei dev
Tnyaivel atreuBeiac ato Tnv karaotaon OFF otnv KaraoTtaon
ON,o01TWw¢ Ba BEAauE Kal Ba TTEPINEVAUE.ZTNV TTPAYMATIKOTNTA EKTEAEI

MEPIKEC avaTTNONCEIC JEXPI VA TTAEI OTTO TNV APXIKN OTNV TEAIKI) TOU
KaTaoToon.
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" A
AvTtiyetwtrion tng Avatrndonong(Debouncing)

O HIKPOEAEYKTAG pTTOPEI Va dlaBadlel HETAPBOAEC OTIC
£1I0000UC TOU TTApa TTOAU YPYyopa.AuToO £XEI oAV
QATTOTEAEOMA Eva TTATNUA TOU OIAKOTITN VO EPUNVEUTEI oQV
TTOAANQTTAG TTATAMATA KOl TTPETTEI VA ANPOEi pEpIPva yia
VA AVTIMETWTTIOTEI TO TTPOBANMOQ.

H avamndnon JTTopEi va avTIMETWTTIOTEI JE QUO TPOTTOUC:
1) Méow software (ue xpnon delay).

2) Méow hardware (e KUKAwua RC katdAANANg
oT00EPAC XPOVOU).
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Epappoyn 1
(AANayn kataoTtaong evog Led pe 1 dIakOTTTN)
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E@appoyn 1
(AANayn Kataotaong evog Led pe 1 dIakOTTTN)

int led = 13; A5 LED on pin 13
int switchPin

2: SO oewitch on pin 2

boolean state = false:

vold setup ()

{
pinMode (led, OUTRUT) ;
pinMode (switchPin, INPUT):

¥

wold loop ()
{
if [(digitalFeadi{switchPin) == HIGH)
{
delay(250) A5 delay to debounce switch
s2tate = hstate; A toggle state wariahle

digitalWrite (led,state);
'
'
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Hardware Debouncing
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" A
Alapopowon PWM (Pulse Width Modulation)

Fulse wWidth Modulation

0% Duty Cycle - analogWrite(0)
Sy

Ov

25% Duty Cycle - analogWritelb4d)
5v

50% Duty Cycle - analogWrite(127)
5“ M
Ov | -

75% Duly Cyde - analogWrite(191)

SV
Ow -

100% Duty Cycle - analogWrite(255)
, ‘ ‘ | I ‘

Ov
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" JEE _
PWM otov Arduino Uno
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m H xpnon t1ng PWM otov Arduino yivetal ge Tnv ouvapTtnon
ME TINEC aTTo 0-255.

m H ouxvornta PWM ota pin 5 kai 6 €ival 980 Hz

m H ouyxvornta PWM ota pin 3,9,10,11 €ivai 490 Hz
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Apxn Neitoupyiac DC Motor

Shaft

Brushes

ToaAutroupng . 10 EK PeBuuvou



Epappuoyn 2 (EAeyxoc 21popwyv DC Motor pe PWM)
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Epappuoyn 2 (EAeyxoc 21popwyv DC Motor pe PWM )
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Epappuoyn 2 (EAeyxoc 21popwyv DC Motor pe PWM )
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Aiodoc AvtemmioTtponc(Flyback,FlyWheel or
Snubber Diode)

Figure 1.
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HAekTpIK) ATTopovwon KukAwparog Odriynong
atro 10 KukAwpa loyxuog
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Epappoyn 2 (EAeyxoc DC Motor ye PWM )

tmator_speed_cantrol_pot

SAEleqxos taxititas mikrou moter mesw potensiometrou
A/To potensiometro sindeesetal sto A0 tou arduino
SATo moter elegqeetai mesw PIIM apo to pind tou arduino

wold setup ()
{
pinMode (A0, INPUT) :
pinMode [(3,00TPUT) ;

woid loop ()

{
int potwalue=analogBRead (40 ;
int motorspeed=potwalue/d;
analogiirite (3, motorspeed) ;
delay (5] :
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[€pupa H

H vépupa H (H-Bridge) cival éva KUKAwUa TEOOApWY
OIAKOTITWY TO OTTOIO ETTITPETTEI TNV EQAPUOYH TAONG O€
Eva QopTio (ouvnBwc PoTEP) Kal OTIC OUO KATEUBUVOEIC.
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+Vcc

51
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2

3
4,5,12,13

6

7

10
11
14
15

16

293D (Dual |

Enable1
Input1
Output1
GND
Output2
Input2
Vs
Enable2
Input3
Output3
Output4
Input4

Vss

Enable Pin for Motor1 ( PWM)
Motor1 Control Pin 1
Motor1 Output 1
Ground
Motor1 Output2
Motor1 Control Pin 2
Motors Power Supply (4,5V-36V)
Enable Pin for Motor2 ( PWM)
Motor2 Control Pin 3
Motor2 Output 3
Motor2 Output 4
Motor2 Control Pin 4

Power Supply for the chip (+5V)

ToaAutroupng I

-Bridge Controller)

ENABLE1 [, L 15 [l VSS (+5V)
meuT1 M 15 ll INPUT 4
OUTPUT 1 3 14 Jll OUTPUT 4
= GND + L293D ::Hcnp
@ GND 5 12 GND
OUTPUT 2 6 11 ] OUTPUT 3
INPUT 2 7 10 il INPUT3
Vs o 9 ENABLE 2

Dual DC Motor Controller
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" A
Epapuoyn 3 (EAeyxoc dopadc kai lNepiotpoprc DC
Motor ue N'epupa H kai 1 d1akoT1TTN)
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Epapuoyn 3 (EAeyxoc Popdc kal Taxutnrac DC

Motor pe N'Egpupa H)

1293d
{

% Elecguos foras peristrofiz kail taxititas 1 de motor me H-Bridge L2930

0 elegxos tis foras ginetal me ena diakopti

=

int pumpinh=3;

int rotationl=13;
int rotationZ=12;
int switchpin=2; A4 sto pin 2 sindeetai enas
A4 pull dowvm resistor 10k
boolean statel=true;

boolean stateZ=false;

int potpin=a0;
int motorspeed:

AAsto AD sindeetal ena pot

wold setup ()

{

pinMode (pvmpin, OUTPUT) »
pinfode(rotationl 0TTPUT) &
pinfode (rotationsg, 0UTPUT) ;
pintode [switchpin, INFUT) ;
pinMode (potpin, INPUT) ;
digitalllrite (rotationl,statel);
digitalllrite [rotation:,stated);
'

0 elegeos strofwn ginetai me ena potensiometro S5k i 10k

SiTa pin 12 kai 13 elegwoun tin fora peristrofis tou moter

A/to pin 3 touw arduino sto pin 1 tou LZ93d
S/ eleqdel tin taxitita tou moter me FUH.

Adto pin 13 tou arduino sto pin £ tou LE93d
Aito pin 12 tou arduino sto pin 7 tou L2934

diakoptis mesw

woid loop ()

notorspeed=analoghead (potpin) ;

analogiirite (pumpin,motorspeed) ;

if {digitalRead({switchpin)==HIGH)

{

delayi(250): //kathizterisi gia debounce
statel=!statel;
statel=!stated;
digitalllrite{rotationl,statel)
digitalllrite[rotations,stated);

T, AN o [
rfoaApTTOUPNG T



Stepper Motor (Bnuartikog Kivntripag)

O Bnpankoc wivnmpoc givar évag DC kivnmipag o otroiog dialpeEi
MIa TTARPN TTEPICTPOPI) TOU AZOVA TOU O€ i00 apIBuO BNUATWV.

2TNV TNO QTTAr} Tou MopP®r artroTeAEiTal ammd OUO ) TEOOEPIG
NAEKTPOMAYVNATEG.

[0 TNV TTEQICTPOPI TOU QATTAITEITAI EVTOAODOTNON ME OUYKEKPIMPEVN
akoAouBia TTaAPwWV.
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TuTtrol Bnuatikwyv Kivntnpwyv

AvaAoya Pe TNV TOTTOAOYIA TwV TUAIYUATWY TOUG XwpilovTal o€ dUOo
BACIKEC KATNYOPIEG:

1) MovotroAikoug (Unipolal) (Meoaia Afpn o€ k&GO gpaaon)
2) AirtoAikouc  (Bipolar) (Xwpic Meoaia AQqyn)

Wire Connection Diagrams

4 Lead 6 Lead 4 Lead

Bipolar Connection Unipelar Connection Bipelar {Series) Connection

30 | 0|
™ M

L o ]
& Lead 8 Lead & Lead
Unipolar Connection Bipolar (Series) Connection Bipolar (Parallel) Connection

30| 50, |8C

&
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Oodnynon Bipolal Stepper

‘Evacg BnuaTikog Kivntipag o€ Bipolar mode utropei va odnynbei pe dITTAN
vépupa H.

M Mpoocoyn To GND tou Arduino TTp£TTel va evwBei Je Tn yn Tou
KUKAWMOTOG.

SY

ﬁ_
{Arduino pin13 _
\ /—""”‘“‘“’”"”j
A+ nd B-

L2930 '—[
- J i \ ”
Arduino pin12 ip " Arduino pind
+Vcc
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Unipolar Mode
Black
AC0—— CW
—_—
Red -
CCW
E. Brow FIEC' + |+ | +
Hed + |+ | +
oY ellow Black| - | -
Brawin - -
ellow =
QOrange - |-

Black

— B
i FOWN

B

= Orange
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AxkoAoubBia NaApwv Bipolar Mode

A+ | A | B+ | B- [N A+ | A B+ | B

1 0 0 0 1 0 0 1
0 0 1 0 1 0 1 0
0 1 0 0 0 1 1 0
0 0 0 1 0 1 0 1
A
A coils
| ®
A ’vawvs"rs
B B
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Epapuoyn 4 Odrynon Bipolar Stepper
( Wave Drive)

stepper?

S/Eleqeoz stepper 2e Bipolar mode Wawe Driwve
Sime H-bridge me to L293D

int controll=13; //pinls tou Arduinc sto pin 2 tou
int controlzZ=12; /S pinl:sd tow Arduino sto pin 7 tow
int controli=&; Siping tou Arduino sto pin 10 Cou
int controld=T7: SipinTd tou Arduino sto pin 15 tou

woid setup ()

{
pinMode [controll, OUTPUT)
pinMode [control?, OUTPUT)
pinMode [controls, OUTPUT)
pinMode [controld, OUTPUT)

wolid loop ()
{
pulsel()
delay(1l000)
pulsed()
delay(1l000)
pulsed ()
delay(1l000)
pulsed() ;
delay(1l000)

LZ95D
LZ93D
LZ235D
LZ935D

PeBUuvou

wold pulsel()

{
digitalllrite {controll ,HIGH) ;
digitalllrite (controld, LOW) ;
digitalllrite jcontrol3, LOW) ;
digitalllrite jcontrold, LOW) ;
'

vold pulaez()

{

digitalllrite (contrall LOT ;
digitalllrite (controld  LOW) ;
digitalllrite(control3 HIGH) ;
digitalllrite {controld, LOW) ;
'

wold pulsed()

{

digitalllrite(controll , LOW) ;
digitalllritelcontrold ,HIGH) ;
digitalllrite(controld, LOW) ;
digitalllrite(controld, LOW) ;
'

wold pulsed(])

{

digitalllrite(controll , LOW) ;
digitalllrite(controld, LOW) ;
digitalllrite(control3, LOW) ;
digitalllritefcontrold, HIGH) ;
'




Epapuoyn 4 Odrynon Bipolar Stepper
( Full Step Drive)

S/Eleqeoz atepper se Bipolar mode Full Ztep Drive woid pulsell()
Sime H-bridge me to L293D i
digitalllrite (controll HIGH) ;
int controll=13; digitallrite (controlZ, LOW) ;
int controlZ=12; digitalllrite jcontrol3, LOW) ;
int controli=a&; digitalllrite controld HIGH) ;
int controld=7; 1
void pulaeZ()
{
void setup () digitalWrite (controll HIGH) ;
{ digitalllrite (controlZ  LOW) ;
pinMode {controll, OUTPUT) digitallrite (control3  HIGH) ;
pinMode (controls, OUTPUT) digitallrite {controld,LOW) ;
pinMode [control3, OUTPUT) 1
pinfode {controld, OOTPIT) ; wold pulsed|)
! {

digitalllrite {controll , LOT) ;
digitalllrite {controls HIGH) ;

woid loop () digitalllrite (control3, HIGH) ;
{ digitalllrite (controld, LOW) ;
pulzel(): 3

delavyrlooo) wold pulsedf)

pulzez ) : {

delay(l000o) digitalllrite (controll  LOW) ;
pulses() digitalllrite (control ,HIGH) ;
delay(l000o) digitalllrite (control3 , LOW) ;
pulsed() ; digitalllrite (controld, HIGH) ;
delaw(l000) : 3

!

ToarpTroupns F.—1o EK PeBuuvou




Epapuoynn 4 Odriynon Bipolar Stepper ( Full Step Drive)

/4 Stepper Control se Bipolar Mode me H Bridge void pulzell)
J/Ektelountai 20 steps deksiostrofa kai 20 aristerostrofa {
digitallWlrite (inputl, LOTW) ;
int inputl=13; digitallrite (inputz HIGH) ;
int inputiZ=1z; digitalllrite (input3,LOW) ;
int inputi=&; digitallrite (inputd HIGH) ;
int inputd=7: delay(500]) ;
'
vold setup () wold pulse ()
{ {
pinMode [inputl, OUTREUT) digitallWlrite (inputl, LOTW) ;
pintode (inputz, OUTRUT) : digitalllrite (inputs HIGH) ;
pintode (inputi, OUTRUT) ; digitalllrite (input3, HIGH) ;
pintode (inputd, OUTTREUT) : digitalllrite (inputd, LOW) ;
! delayi&00):

'
vold pulae3()

void loop () !

{ digitalllrite (inputl , HIGH) ;
for [int i=0;i<&:iH+) digitalllrite (inputz , LOW) ;
{ digitalllrite (input3, HIGH) ;
pulzelil: digitalllrite (inputd, LOW) ;
pulsezZil; delay(500])
pulse3(): i
pulsedil; vold pulsed()

' {

for f{int j=0:3<5:3++H) digitalWrite (inputl HIGH) ;
! digitallrite (inputz , LOW) ;
pulsed(): digitalllrite (input3, LOW) ;
pulse3(): digitallWlrite {inputd,HIGH) ;
pulsez(): delay (500 ;

pulsel(]: h

)
' ToaAumoUpnc I 110 EK PeBUpvou




Odnynon Unipolar Stepper

‘Evag BnuaTikos Kivntipag o€ Unipolar mode ptropei va odnynBei pe 4 T€ooepa dITTOAIKA
Tpavliotop ) mosfet.

ATTaITEITAI EEWTEPIKN TTNYN TPOPODOUiaC.
M Mpoooyr 1o GND Tou Arduino TTpETTEl VO EVWOET JE TN YN TOU KUKAWMATOGC.

Q1

B
- ¥
C

‘ -;- I—[HJBPﬂf—af/’ffqif_ [T
100 — B+ B-

Arduino pin 12 >

2N7000
TO-92

\Arduino pin 8 >

Arduing pin 7
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AxkoAoubBia NaAuwv Unipolar Mode

A+ | A | B+ | B- [N A+ | A B+ | B

1 0 0 0 0 1 1 0
0 0 1 0 0 1 0 1
0 1 0 0 1 0 0 1
0 0 0 1 1 0 1 0
Unipolar

Me avTioTpo®r} TNG OEIPAC TWV TTAAPWYV
aAAael @opa O KIVNTNPOG.
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Epapuoyn 5 Odnynon Unipolar Stepper

( Wave Drive)

stepper3

S Stepper Motor Thipolar Mode Wave Driwve me 4 N-Charnel Hosfet

int controll=13; /S/to pin 13 =2tin pili touw 01, eleguei to 44
int controlZ=12; //to pin 12 stin pili tou QZ2, elegeel to A-
int controli=5; JAito pin 8§ stin pili tou 03, elegeei to B+
int controld=7;: FSito pin 7 2tin pili tou 04, elegxeil to EBE-

volid setup ()

{
pinMode (contrall, OUTPIT) :
pinMode (contrald, OUTPIT) :
pinfode (contrald, OUTPIT) :
pinfode (contrald, OUTPIT) :

wold loop()
{
pulsel();
delaw(1l000) ;
pulses () ;
delay(1000]) ;
pulsed() ;
delav(1l000) ;
pulsed() ;
delaw(l000) ;

wold pulsel()

{
digitalllrite (controll, LOW) ;
digitalllrite jcontrolz, LOW) ;
digitalllrite {control3, LOW) ;
digitalllrite {controld, HIGH) ;
!

wold pulsed()

{
digitalllrice (contEall, LOT) &
digitalllrite [controld  HIGH) ;
digitalllrite (controls, LOW) ;
digitalllrite (controld, LOW) ;
'

wold pulse3()

{

digitalllrite (controll, LOW) ;
digitalllrite (controld, LOW) ;
digitalllrite (control3 , HIGH) ;
digitalllrite (controld, LOW) ;
!

wold pulsed()

{

digitalllrite {controll ,HIGH) ;
digitalllrite (controld, LOW) ;
digitalllrite (control3, LOW) ;
digitalllrite (controld, LOW) ;
!
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Epapuoyn 5 Odnynon Unipolar Stepper

( Full Step Drive)

stepperd
4 Stepper Motor Tnipolar Mode Full Step Driwve me 4 N-Channel Mosfet void pulsel()
{
int comtroll=13; //to pin 13 stin pili tou Q1 elegeei to A4 digitalllrite (controll HIGH);
int comtrolz=12; //to pin 12 stin pili tou 02 eleguei to i- digitalllrite (controlz, LOW) :
int control3=8:; //to pin & stin pili tou 03 elegxei to B+ digitalllrite (controlld, HIGH) ;
int controld=7; //to pin 7 stin pili tou Q4 elegqxei to EB- digitalllrite (controld, LOW) :
!
wold pulse ()
vold setup () {
i digitalWrite{controll HIGH):

pinMode [controll
pinMode [contralZ
pinMode [contrall
pintode [controld

vold loop ()
{
pulselil:
delay(1000)
pulsezZil;
delay(1l000)
pulse3il;
delay(1l000) ;
pulsedil;
delay(1000])

, OUTPUT) ;
, OUTPUT) ;
, OUTPUT) ;
, OUTPUT) ;

digitallWlrite {controlz , LOW) ;
digitallWlrite {control3, LOW) ;
digitalllrite {controld, HIGH) ;
!
wold pulse3()
{
digitalllrite (controll  LOW ;
digitalllrite (controls  HIGH) ;
digitalllrite (controlsd, LOW) ;
digitalllrite (controld, HIGH) ;
!
wold pulsed()
{
digitalllrite {controll  LOW) ;
digitalllrite (controls HIGH) ;
digitallWrite {control3, HIGH) ;
digitallWlrite {controld, LOT) ;
'
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Servo Motor

‘Eva Servo Motor gival éva DC Motor To otroio d106£T€l TTITTAEOV £va
oepPounxaviopo.O ogpBounxaviouog gival Eéva ouoTnUa QUTOPATOU
EAEYXOU KAEIOTOU BpodXou TToU PPOVTICEI VIO TNV Kivnon Kal TV TEAIKN

B£on Tou Acova Tou POTEP.

180 degrees

Paosition
Con otation
™ ) g Rotai
Gearbox g 0
D.C. Motor For Speed Sﬁgﬁd
Reduction H
J — p| .
osition
<: Feedback Loop J Sensor
A
Errar signal
_ Positiona
Error Detection - Input Signal

Amplifier
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" A
‘EAeyxoc¢ Servo Motor

Ta servo motor di1aBétouv 3 akpodékteg. O1 dUo eival yia TNV
TPOPOOOUia TOUC €V TO TPITO TIpoopilsTal yia TNV €vTOAOOOTNON
Toucg. O €Aeyxocg Twv servo motors yiveral ye Tnv TeXvikn Tng PWM. Ta
TEPIOCOOTEPA servo eAeyyxovral ue PWM onua ouxvornrag 50Hz
(Trepiodog 20 msec).

1ms
)¢
1.5ms
1]
2ms

1]
@131}

20 ms

Servo Control
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Epapuoyn 8 'EAeyxoc BEonc Servo Motor

ﬁﬁﬁﬁﬁﬁﬁ

N
[[[[[[
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Epappoyn 6 ‘EAeyxoc 6€ong Servo Motor

JErob for Futaba 33003 Servo
4 Control me pot sto A0
AA%ervo wmoves from -90 to 20 with PUM.
AfT=20nzec , Ton ninimum=500p=zec Ton maximum=2z500psec

int toff=0;
int ton=0;

wvold setupi()
{
pintode (9, 00TPTT) ;
pintode (40, INPITT) ;

woid loop()
1
int pot=analogRead (A0) ;
ton=500+(1.96%pot) ;
digitalWrite (9, HIGH) ;
delayMicroseconds (ton) ;
digitallWrite (9, LOW):
toff=2500-ton;
delayMicrozeconds (toff)
delay(18):

delav(25);
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Epappoyn 6 ‘EAeyxoc 6€ong Servo Motor

J.-'w
Controlling a serwo position using a potentiometer (wariable resistor)
by Michal Rinott <http://people.interaction-ivrea.it/m.rinotts

modified on & MNow Z013

by 3cott Fitzgerald

http: ffarduino. cc/ensTutorial /Enob
w

#ginclude <Serwvo,.hs

Serwvo myserwvo; /7 create serwvo object to control a serwo

int potpin = 0; // analog pin used to connect the potentiometer
int wal: A4 wariable to read the walue from the analog pin

woid setup ()
{

nyservo.attach(9): F/ attaches the servo on pin 9 to the servo object

volid Lowop ()

{
val = analogRead(potpin) ; S/ readzs the walue of the potentiometer [(value between 0 and 1023)
val = mapiwval, 0, 1023, 0, l80); S/ 3scale it Lo use 1t with the servo [(walue between 0 and 150)
nyservo.write (val): S/ setzs the servo position according to the scaled walue
delayils): S/ waits for the servo Lo get there
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