PWM (Pulse Width Modulation)

O amAoTKOTEPOG TPOTOG EAEYYOV TNG POTEWVOTNTAG EVOG AAUTTNPA 1) TOL 0PLOLOL TV
OTPOPAOV TOL AEoVa EVOG dpamdvov givat pe v avénon 1N Helwon T NAEKTPIKNG
TdomMG TOV EPAPUOLETUL GTA AKPO OVTOV TOV CUCKEVMV.

MeyaAbtepn nAekTpikn tdon — MeyaAlhtepn OTEWOTNTO GTOV AQUTTIPA,
TEPLOGOTEPEC GTPOPEG TOV AEOVOL TOV OPOATAVOL

Mkpdtepn NAEKTPIKY TOON — Mikpdtepn @OTEWAITNTO GTOV AOUTTHPA,
MydTEpES GTPOPES TOV AEOVE TOVL dPATAVOV

H w¢ avo mpocéyyion 6pmc dev eivat omoTeAeSHOTIKY OTAV OV VITAPYEL YPOULIKT
oxéon LetaSDd g ePaprolOpevnc NAEKTPIKNG TAONG GE L0 GUGKELT] KOl TOV
NAEKTPIKOL PEVUATOG TTOV dlappéet avTn (deV oyveL 0 vopog Tov Q). Emiong, n g
v TPOcEYYIoN dEV TPOCPEPEL AMOTELEGLOTIKO / OIKOVOLIKO TPOTO dlayeiptons e
LETOTPOTNG TOV £PYOV TNGNAEKTPIKTG EVEPYELNCOE MPEMUO £PYO AAANG LOPPTS
EVEPYELOC.

Evog kaAdtepog TpOmog EAEYYXOL T®V TOPATAVE avapepHEVTIOV PLGIK®OV peyeddv
etvar pe v pappoyn g evoederyévng NAEKTPIKNG TAomg TPOPOdOGiag Yo,
GLYKEKPILEVO YPOVIKO SLACTN O, OKOAOVOMS Y100 GUYKEKPIUEVO YPOVIKO STAGTILLOL T
NAEKTPIKN TAGT TPOPOodoGiog undeviletat, LETA N NAEKTPIKN TAGT TPOPOSOGIaG
epapuoOleTon TAAL Yo TO 1010 GVYKEKPLUEVO YPOVIKO SLAGTNLA, K.0.K..

H aAAniovyio epappoyng 1 oyt g evoedetyévng NAEKTPIKNG Téong
TPOPOO0GiacoLUPaivel TOALES PopEC To devTepOLEnTO. OVvolaoTiKd, cupuPaivel 1
TOAMUKT) EPOPUOYN TNG NAEKTPIKNG TAOTG TPOoPodoaiag, onradn: gite OV (un
EQOPUOYT NAEKTPIKNG TAONC) 1 1] EVOEOELYLLEVT TIUT, Y10 TY) GLGKELN, TAONG
TPOPOOOGING.

[T ovykekpyéva yro v mepintwon tov L.E.D., 6tav epapuodletonr n nAektpikn
101 (1,5V) ota dxpa avtov, to L.E.D. avapet, eved otav epapudletor OV avtod dev
avéPet. Otav avt n adiniovyio cvoppaivel TOAAEC PopEC TO dEVTEPOLETTO, KO
gkotepa 6tav 1o L.E.D. pével meptocodtepo xpoviko ddotnua avapupévo om’ Ot
oPNnoto 10 pdTt pog dev pumopet va dtakpivetl o avafocsPnua tov L.E.D. (ueteikoaopa
TOV LOTIOV).

Ed® 8o avapepBovpe To cuyKeKpUEVO GTO ¥POVIKO dLAGTNLO TTOL EQaprOleTal N
EVOEDEYLEVT NAEKTPIKT| TAGT TPOPOS0Giag TG cLOKEVTS (ton) Kot 6TO YPOVIKO
ddotnua mov epappoletat OV (torr). Elmape mponyovpévog 6t odiniovyio ton kot
torF emavaiapPaveror TOAAEG POPES TO BEVLTEPOAETTO, ONAAOT UTOPOVLE VO OPIGOVLLE
ot ton + torr = T, elvan  mepiodog mov dropkel TO PAVOUEVO TNG EPAPLOYNS T OXL
NG NAEKTPIKNG TAONG. ATO TOV TPONYOOUEVO LaBNUOTIKO TOTTO KATOVOOUUE OTL
pmopovpe va Eyovpe o 010 T pe drapopetikég TIES ton Kot torr apkel To dBpotoud
ToVG va givor 1o 1010. Mag evdlapépet OpmS kupimg oo elval To ton o€ oyéon pe TV
nepiodo. ETot xpnoipomolovpe v mapapeTpo:

Kvkrog Epyaciag (Duty Cycle) % = 100% * [ton / (ton + torr)] = 100% *[ton /T]



INo v nepintwon tov L.E.D., avti n Topdpuetpog pog SnAmveL T0 T0C0GTIOH0

YPOVIKO SLAGTNLLO TTOL EIVOL OVOUUEVO GE GYECT UE TNV TTEPTOO0 OVOLUEVOV/GPNOTO
L.E.D..

ZyeTikd pe To mapomdve Kot o ewd yio to L.E.D. pnopeite va deite éva oyetikd
animationoe avtn tv dievbovvon:
https://www.phidgets.com/education/learn/getting-started-kit-tutorial/dutycycle/

[Mapoxdtm mapatiBeton éva keipevo amod to SitetovArduino kat okolovbei n
LETAPPOGT TOV

Foundations

https://www.arduino.cc/en/Tutorial/Foundations/PWM

The Fading example demonstrates the use of analog output (PWM) to fade an LED. It
is available in the File->Sketchbook->Examples->Analog menu of the Arduino
software.

/* Fading
This example shows how to fade an LED using the analogWrite() function.
The circuit:
- LED attached from digital pin 9 to ground through 220 ohm resistor.
created 1 Nov 2008
by David A. Mellis
modified 30 Aug 2011
by Tom Igoe
This example code is in the public domain.
https://www.arduino.cc/en/Tutorial/BuiltinExamples/Fading */

intledPin =9; // LED connected to digital pin 9

void setup(){
/I nothing happens in setup

by

void loop(){
// fade in from min to max in increments of 5 points:
for (int fadeValue = 0 ; fadeValue<= 255; fadeValue +=5) {
/] sets the value (range from 0 to 255):
analogWrite(ledPin, fadeValue);
delay(30);// wait for 30 milliseconds to see the dimming effect
} // end of for(...)
/[ fade out from max to min in increments of 5 points:
for (int fadeValue = 255 ; fadeValue>= 0; fadeValue -=5) {
/[ sets the value (range from 0 to 255):
analogWrite(ledPin, fadeValue);
delay(30);// wait for 30 milliseconds to see the dimming effect
} // end of for(...)
} // end of loop()


https://www.phidgets.com/education/learn/getting-started-kit-tutorial/dutycycle/
https://www.arduino.cc/en/Tutorial/Foundations
https://www.arduino.cc/en/Tutorial/Foundations/PWM
https://www.arduino.cc/en/Tutorial/BuiltInExamples/Fading

Pulse Width Modulation, or PWM, is a technique for getting analog results with
digital means. Digital control is used to create a square wave, a signal switched
between on and off. This on-off pattern can simulate voltages in between the full Vcc
of the board (e.g., 5 V on Uno, 3.3 V on a MKR board) and off (0 Volts) by changing
the portion of the time the signal spends on versus the time that the signal spends off.
The duration of "on time™ is called the pulse width. To get varying analog values, you
change, or modulate, that pulse width. If you repeat this on-off pattern fast enough
with an LED for example, the result is as if the signal is a steady voltage between 0
and Vcc controlling the brightness of the LED.

In the graphic below, the green lines represent a regular time period. This duration or
period is the inverse of the PWM frequency. In other words, with Arduino's PWM
frequency at about 500Hz, the green lines would measure 2 milliseconds each. A call
to analogWrite() is on a scale of 0 - 255, such that analogWrite(255) requests a 100%
duty cycle (always on), and analogWrite(127) is a 50% duty cycle (on half the time)
for example.
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Once you get this example running, grab your arduino and shake it back and forth.

What you are doing here is essentially mapping time across the space. To our eyes,
the movement blurs each LED blink into a line. As the LED fades in and out, those
little lines will grow and shrink in length. Now you are seeing the pulse width.

Written by Timothy Hirzel
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https://www.arduino.cc/en/Reference/AnalogWrite

Metadpaon

To moap&delyua Fading delxvel Tn xpnon oavoaroyLlkAg €&d6dou (PWM) via vo
HeLtwbel n owtelvéTnIa of éva LED. Elval dLabécipo oto pevoU File-
>Sketchbook->Examples->Analog 1tou AoyloplkoU Arduino.

(O oxetlxo6C KOS LKOC mopaT(BeTal og kitplvo undBabpo oto ayyALxkd
xelpevo.)

To Pulse Width Modulation, 1 PWM, el{val pla TeXVLIKO yia In AQYN
AVOAOY LKOV amIoTeAeopudTwv He UneLtakd péoa. O UnolakdC €AeyXOCQ
xpnotlpomoteltal yia In dnuloupyla PLag TETPAYOV LKAC noAuooe Lpdg, &vog
OANATOC eVOAAXYNG peTafU evepyomoinong (on) kol amevepyomoinong
(off). Autd 10 poTiPo on-off pmopel vo mpocopolOdoel TLC TAOELC PeTHET
Tng¢ mAfpoug Vcc Ing¢ mioakétoag (m.X. 5 V oe Uno, 3,3 V 0¢ pLla TAOKETO
MKR) xol amevepyomnoinong (0 Volt) oAd&loviag To TUAUX ToUu ¥XedVou Iou
aplLepOVEL TO ONUO O KATAOTOON on og oOxéon pe 10 XPOHVO MOU IO ORUd
elval oeg xatd&otoon off. H didpxrela tou "xpdvou on" ovoudletol mA&TOC
moApoU. T'ia va AdBete molkiAeg avohoyLlkéEG TLPéG, aAA&leTe 4
dlopopedvete autd TO HAKTOC TOU NoAUOU. E&v smovoidfete autd 1O
poti{Bo on-off apxketd yphyopa o’ éva LED, via moaplddelypo, TO
amoTéAeopa e€lval oov 1o oRua va gival plLa otabepn Tdon petoéUG 0 rol
Vece mou gAéyxel 1n owtelvéInIta Tou LED.

10 mopokdtwe ypdenua (BAéme noapandvew, OTO HECK® TOU OYYALKOU
KeLPévou), ol TmpACLVEC YPAUPEC AVT LIPOOKIEUOUV ULX KXVOV LKA XPOV LKL
nepiodo. Autrh n Oil&pkela N mepiodog eival 1o aviiocTpopo 1INnC
ouxvéIntag PWM. Me &AAo Adyla, pe 1n ouxvoéinta PWM tou Arduino oto
500 Hz meplmou, ol mpdolveg YPUUREéQ Ba petpoUoay 2 XLALOOTA TOU
deutepoAéntou n xkabepla. Mia xAnon otnv analogWrite () eival oe
kAlpoxkoa 0 - 255, €101 ©ote n analogWrite (255) va (nt& évov KUxkAo
Epvyaoci{ag 100% (cuvéxeilo svepyomolnuévo) kol 1o analogWrite (127) eival
évag KUkAog Epyoaocioag 50% (evepyomolnuévooto pLod xpdvo) vido

mopdde LYUa.

MOALc fexilvioeTe autd 10 maphdelypa, nidore 1o arduino kot
HMETAKLVACTE TO unpoc¢-nicw. Autd mou x&vete €00 e€{val ouclLaoT LK& N
xapToypdenon Tou Xpdvou OToVv XOPo. ITa UAT Lo pog, n xivnon “Boddvel”
10 avaRooPRAua tou LED o pla ypopun. KoaBdg to LED k&vel Fadeln kol
FadeOut, ouTéc ol PLKRPEC ypappég 6o peyoAdooUVvV Kol Ba oupplkvwboUv oe
phxoc. Topoa PBAémeTe 1O MAXTOGC TOU TOANOU OTO XQOPO.



