Circuite Analogice si Numerice

Introducere Arduino

A. Scopul lucrarii:
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e TIntelegerea structurii unei placi Arduino (Placi de studiu: Arduino UNO)

e intelegerea schemei electrice
¢ intelegerea functionarii
[ ]

B. Prezentare generala:

Testarea unui program. Dezvoltarea, incarcarea si rularea

n cele ce urmeazi se vor prezenta caracteristicile generale ale plicii Arduino UNO.

Arduino UNO este o placa de dezvoltare
open-source realizata pe baza
microcontrolerului ATmega328P. Acesta din
urma prezinta un procesor AVR cu o
arhitectura de tip RISC (set restrans de
instructiuni). Figura 1 prezinta caracteristicile
microcontrolerului:

e Memorie program de 32kb (non-volatild)

e Viteza de 20 MIPS (20 milioane de
instructiuni pe secunda)

e Memorie RAM (de lucru) si ROM (non-
volatila pentru stocarea de informatii si
dupa oprirea alimentarii)

e Interfete seriale de comunicare cu alte
dispozitive: UART, SPI, 1°C

e Numaratoare si comparatoare

Name

Program Memory Type
Program Memory Size (KB)
CPU Speed (MIPS/DMIPS)
SRAM Bytes

Data EEPROM/HEF (bytes)

Digital Communication Peripher...

Capture/Compare/PWM Periph...

Timers

Number of Comparators
Temperature Range (C)
Operating Voltage Range (V)
Pin Count

Low Power

Value

Flash

32

20

2,048

1024

1-UART, 2-5PI, 1-12C
1 Input Capture, 1 CCP, 6PWM
2 x 8-bit, 1 x 16-bit
1

-40 to 85

1.8t05.5

32

Yes
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C. Structura placii

LED - Power-On
LED - TX &RX
Reset Button LED - Load & Pin 13 Serial Port (USART)

14x Digital IN/OUT
(6x PWM OUT™)

(5V, 20mA continuous,

40mA max)

USB A _
(5V Power IN & -SRI CELIUS Sevy ¢ 2T
Serial Port for .y N8 WWW.ARDUINO.CC ~ MADE IM XTALY

Load program)

Atmel ATmega328P
Microcontroller
(8-bit, 16 MHz,

32 KB Flash,
1 KB EEPROM,
2 KB SRAM)
DC Powér Jack Power OUT Power IN 6x Analog IN
(AC-to-DC adapter) (5V, <500mA)  (9V battery) (0-5V 10-bit ADC)

(7-12V) (3.3V, 50mA)

*

e Microcontroler (posibil sa difere intre diferite versiuni)
e Buton reset

e USB (Sursa de alimentare si port serial pentru incarcarea programului)

e DC Power Jack (Mufa pentru alimentare placa)

e Pini pentru alimentare dispozitive externe (3.3V, 5V, GROUND)

e Pini pentru alimentare placa de la baterie de 9V (Vin, GROUND)

e AO0-A5. 6 pini analogici. ADC (Analog to Digital Converter). Tensiunile intre 0-5V aplicate
la intrarea oricdruia dintre acesti pini sunt citite ca valori intre 0-1023(2101)

e 14 pini digitali IN/OUT. Pinii notati cu (~) sunt capabili sa genereze semnal PWM (Pulse-
width modulation)

e AREF. Folosit pentru setarea unei limite superioare de referinta pentru pinii analogici
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D. Schema electrica

Pentru analiza schemei electrice a placii se utilizeaza fisierul
Schematic_Arduino UNO.pdf sau Schematic Arduino UNO.jpg

a. Alimentarea cu electricitate

Pentru alimentarea de la mufa
Jack se utilizeaza pentru obtinerea
unei tensiuni constante de 5V un
regulator de tensiune. Observam de
asemenea dioda de protectie.
Alimentatorul trebuie sa aiba in
centru tensiune pozitiva iar pe
suprafata exterioara tensiuni

negative sau masa. In caz contrar — LODUV¥
. . I BARREL CONNECTOR -
dioda opreste trecerea unei polaritati 5 E/%VLETESE VOLTAGE REGULATOR 5V PIN
. . o Ui
inverse. Condesatorii filtreaz3 * | pROTECTION {— N
. 3 -2 DIODE  AMN 3N ouT
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Schematic_Arduino_UNO.pdf
Schematic_Arduino_UNO.jpg
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Varianta:

n cazul in care in timpul alimentdrii de la DC Power Jack se conecteazd placa la USB, se
realizeaza inchiderea caii pentru alimentarea de la USB si utilizarea celei de la Power Jack
pentru evitarea unei supratensiuni.
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i) Comparatorul OP-AMP compara tensiunea de la Power Jack cu valoarea de 3.3V.
Daca tensiunea este mai mare atunci la iesirea amplificatorului vor fi 5V care vor
inchide tranzistorul MOSFET cu canal P. Astfel este blocat curentul furnizat de USB si
este utilizat in continuare cel de la Power Jack.

7-12V let's assume 8V

Igsxa
(T
r
H
g
A
512 u2 3.3V
USBUCC TRT. s5U oV 1
1 f IN our
had 3 [—3 ONOFF c3
& 2 4 3
cZ3 GND NCFB P~
= _[ LP2985-330D8BUR
GND GND
i) Daca Mufa Power Jack nu furnizeaza curent atunci comparatorul va avea o tensiune

de OV la iesire ceea ce va genera deschiderea tranzistorului si trecerea curentului de
la USB catre alimentarea cu 5V si mai departe la regulatorul de 3.3V.
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o
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b. Microcontrolerul

Se prezintd schema
bloc a microcontrolerului.

Observam memoriile
FLASH pentru program,
SRAM de lucru si EEPROM.

Se observa porturile de
intrare aferente. Pe
porturile de intrare sunt
implementate interfetele
de comunicare serial SPI,
TWI(Two Wire Interface
sau 12C), si USART (utilizat
si pentru incarcarea
codului program). Tn
continuare se gasesc
illustrate maparea
porturilor Arduino la
microcontroler. De
asemenea se poate
observa portul ADC pentru
pinii analogici.
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Atmega168 Pin Mapping

Arduino function
2] PC5 (ADCS/SCL/PCINT13) analog input 5
27 PC4 (ADC4/SDAMPCINTZ) analog input 4
26[] PC3 (ADC3/PCINT11) analog input 3

Arduino function
reset {PCINT14/RESET) PC&L]"
digital pin 0 (RX) (PCINT16/MRXD) PDOY:2
digital pin 1 (TX) (PCINT17/T¥D) PD10]2

digital pin 2 (PCINT18/INTO) PD20LJ4 2s[ ] PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3[]s 2] PC1 (ADC1/PCINTS) analog input 1
digital pin 4 (PCINT20/XCK/TO) PD4 e 23l ] PCO (ADCO/PCINTS) analog input 0

WVCC Voo e 2] GND GND
GND GND [} z1 ] AREF analog referance

crystal (PCINTE/XTAL1/TOSC1) PBE[]s 20 ] AVCC VCC
crystal (PCINT7/XTAL2/TOSC2) PET 10 18] PB& (SCK/PCINTE) digital pin 13
digital pin 5 (PWM]) {PCINT21/0C0B/M1) PDS [ 18] ] PB4 (MISO/PCINT4) digital pin 12

digital pin 6 (PWM) (PCINT22/0COA/AIND) PD6 ]2
digital pin 7 (PCINT23/AINT) PD7 12
digital pin 8 (PCINTO/CLKCACP1) PBO[]r+

17]] PB3 (MOSIOC2A/PCINTS) digital pin 11(PWM)
16]] PB2 (SS/OC1B/PCINT2)  digital pin 10 (PWM)
15 PBA1 (OC1A/PCINT1) digital pin 9 (PWM)

Digital Pins 11,12 & 13 are used by the |CSP header for MOSI,
MESO, SCK connections (AtmegaiSs pins 17,18 & 15). Avold low-
impadance knads on thesa pins whan using the ICSP header.

A se observa pe schema circuitului electric pinii de intrare de la placa Arduino la
microcontroler in partea din dreapta jos a schemei. De asemenea, identificati urmatoarele
componente:

e Rezonator sau oscilator ceramic. Ofera un semnal electric oscilator cu frecventa de
16Mhz. Conectat la pinii XTAL1 si XTAL2. Observati de asemea conectivitatea in schema
bloc a microcontrolerului.

e Pinul de RESET. Valoarea pinului este ridicata prin rezistenta de 10KQ la 5V deoarece la
tensiuni mici poate exista zgomot in circuit care sa reseteze microcontrolerul. De
asemenea pentru protectia impotriva descarcarilor electrostatice se adauga dioda D2.

e Condensatorii C4 si C6. Acestia filtreaza semnalele zgomotoase. Conform formulei
impedantei capacitive frecventele mari vor scadea impendata iar curentul va trece mai
usor spre masa.

e |CSP (In-Circuit Serial Programming) legat la interfata SPl a microcontrolerului pentru
programarea acestui. De obicei nu se utilizeaza doarece programul este incarcat prin
utilizarea portului USB. Se poate utiliza pentru reconfigurarea microcontrolerului.
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c. Puntea USB-UART

Pe schema circuitului se poate observa microcontrolerul ATmegal6U2. Acesta are rolul
de a transforma datele primite de la portul USB in date care vor fi incarcate in
microcontrolerul principal prin UART utilizdndu-se de o serie de intructiuni preincarcate din
fabrica. Pe placa aceasta componenta se gaseste langa portul de intrare USB.

Se observa urmatoarele componente pe schema circuitului electric:

e Terminatorii rezistivi RD- si RD+ care asigura impedantele corespunzatoare standardului
USB

e Rezistentele dependente de tensiune Z1 si Z2 care protejeaza liniile USB impotriva
descarcarilor electrostatice

e Condensatorul C5 care transforma semnalul de tip declansare la nivel (level-triggered)
DTR (Data Terminal Ready) generat de microcontrolerul de conversie intr-un semnal de
tip declansare la tranzitie (edge-triggered).

E. Configurarea Arduino IDE
Urmati urmatorii pasi:

1. Descarcati si instalati Arduino IDE.
Link-ul pentru installer: https://www.arduino.cc/en/Main/Software
Urmariti chenarul rosu pentru instalarea IDE-ului.

Download the Arduino IDE

Windows Installer, for Windows XP and up

WWINUOUWS LIF TIIE TOT NON aamin instan

ARDUINO 1.8.7 Windows app Requires Win 810r 10
The open-source Arduine Software (IDE) makes it easy to Get 58
write code and upload it to the board. It runs on ' '
% Windows, Mac OS X, and Linux. The environment is .
) Mac OS X 10.2 Mountain Lion or newer
written in Java and based on Processing and other open-
source software.
This software can be used with any Arduine board. Linux 32 bits
Refer to the Cetting Started page for Installation Linux &4 bits

instructions.

Linux arm

Release Notes
Source Code
Checksums (sha512)
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ontribute to the Arduino >ottware

Consider supporting the Arduino Software by contributing to its development. (US tax payers, please note this contribution
is not tax deductible). Learn more on how your contribution will be used

SINCE MARCH 2015, THE ARDUINO IDE HAS BEEN DOWNLOADED

TIMES. (IMPRESSIVE!) NO LONGER JUST FOR ARDUINO AND
GENUINO BOARDS, HUNDREDS OF COMPANIES AROUND THE WORLD ARE
USING THE IDE TO PROGRAM THEIR DEVICES, INCLUDING COMPATIBLES,
CLONES, AND EVEN COUNTERFEITS. HELP ACCELERATE ITS DEVELOPMENT
WITH A SMALL CONTRIBUTION! REMEMBER: OPEN SOURCE IS LOVE!

$3 $5 $10 $25 $50 OTHER

JUST DOWNLOAD ‘CONTRIBUTE & DOWNLOAD

2. Deschideti fisierul descarcat si urmati instructiunile

@l Arduine Setup: License Agreement — x

Please review the license agreement before installing Arduino. If you
oo accept all terms of the agreement, dick I Agree.

ENU LESSER GEMERAL PUEBLIC LICEMSE LS
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <htip://fsf.org/=

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms
and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below.

v
Cancel | Mullsoft Inskall Syskern w3.0 II
@ Arduine Setup: Installation Folder — >

Setup will install Arduino in the following folder. To install in a different
5.2 folder, dick Browse and select another folder. Click Install to start the
installation.

Destination Folder

Browse... |

Space required: 474, 5MB
Space available: 43.6GB

Cancel | Mullsaft Install Sysker w3.0 < Back m
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! Daca va cere acordul pentru instalarea unui driver pentru USB Arduino acceptati.

@l Arduing Setup: Completed —

F. Rularea unui program (sketch) simplu

Structura de baza a unui program Arduino (denumit sketch) este alcatuita din doua functii
numite setup() si loop().

Pentru a vizualiza un sketch de baza se vor urma pasii:

1. Deschideti Arduino IDE.

2. Selectati: File - Examples - 01.Basics - BareMinimum

3. Observati cele doua functii: setup si loop. Functia setup ruleaza o data la pornirea
programului. Functia loop ruleaza continuu in bucla.

BareMinimum | Arduino 1.8.7 - O X
File Edit Sketch Tools Help

BareMinimum

I’\,’Oid setup () {
// put your setup code here, to run once:

void loop() {
// put your main code here, to run repeatedly:
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4. Se va modifica codul programului BareMinimum prin adaugarea codului de mai jos si
salvarea programului cu denumirea hello_world (File - Save As...)

& serial intr rdu 8.7 - O

File Edit Sketch Tools Help

Opens Serial

Serial_intro . .
- Monitor Window

void setup() =

Serial.begin(9600) ;

Serial.println("Hello World!");
}
) & - O X
vold loop() | . com4
} Send
Hello World! &
Program output text
Baud rate
| [ Autoscroll []Show timestamp Newline ~ 9600 baud ~  Clear output

Din meniul Tools la rubrica Board setam “Arduino/Genuino Uno”.

Conectam placa la un port USB al calculatorului.

Din meniul Tools la rubrica Port setam portul activ care corespunde placii.

Se apasa butonul Upload din interfata Arduino IDE sau combinatia de taste Ctrl+U.
Se observa functionarea programului in fereastra Serial Monitor Window.

0 0 N0

G. Rularea unui program pentru controlul unui LED onboard
1. Vom dezvolta un program care sa stinga si sa aprinda LED-ul de pe placa la un
interval de cate o secunda.
2. In functia setup vom seta ca pin-ul 13, cel de LED_BUILTIN s§ fie de tip OUTPUT.
3. Tn functia loop setdm pin-ul aferent LED-ului la valoarea HIGH, apoi introducem o
intarziere de o secunda. Dupa setam pin-ul la valoarea LOW si introducem din nou o
intarziere de o secunda.
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void setup() {

void setup () {

i inMode (LED BUILTIN, OUTPUT):;
pinMode (13, OUTPUT); P ¢ ( » , )

void loop () {

void loop() |
digitalWrite (13, HIGH);

digitalWrite (LED_BUILTIN, HIGH);:
delay(1000); delay (1000)
digitalWrite (13, LOW); digitalWrite (LED BUILTIN, LOW);
delay (1000) delay (1000) ;

|} SAU !}

4. Din meniul Tools la rubrica Board setam “Arduino/Genuino Uno”.

5. Conectam placa la un port USB al calculatorului.

6. Din meniul Tools la rubrica Port setam portul activ care corespunde placii.

7. Se apasa butonul Upload din interfata Arduino IDE sau combinatia de taste Ctrl+U.

8. Se observa modul in care functioneaza LED-ul.

9. Se modifica timpii de intarziere si se incarca din nou programul pe placa.

10. Se urmareste modul in care functioneaza LED-ul.

11. Se deconecteaza placa de la USB si se conecteaza din nou. Se observa ca programul
este in continuare Tncarcat pe placa si ruleaza.

Rularea unui program pentru controlul unui LED onboard prin comenzi pe portul

Serial

1. Vom dezvolta un program care sa comande LED-ul de pe placa, prin comenzile
utilizatorului pe portul Serial
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void setup()
{
pinMode (13, OQUTPUT);
Serial.begin (9600) ;
Serial.println("Input:\n 1 for LED ON\n O for LED OFF");

}
void loop()

if (Serial.available() > 0)
{

char state = Serial.read();

if (state == '1' )
{
digitalWrite (13, HIGH);
Serial.printIn("LED --> ON");
}

if (state == '0")
{
digitalWrite (13, LOW);
Serial.println ("LED —--> OFF");
}

}

Din meniul Tools la rubrica Board setam “Arduino/Genuino Uno”.

Conectam placa la un port USB al calculatorului.

Din meniul Tools la rubrica Port setam portul activ care corespunde placii.

Se apasa butonul Upload din interfata Arduino IDE sau combinatia de taste Ctrl+U.
Se observa functionarea programului in fereastra Serial Monitor Window.

ok wN

Studiu suplimentar si bilbliografie:

e https://store.arduino.cc/arduino-uno-rev3

e https://www.microchip.com/wwwproducts/en/ATmega328P

e http://wwil.microchip.com/downloads/en/DeviceDoc/ATmegad8A-PA-88A-PA-168A-PA-
328-P-DS-DS40002061A.pdf

e https://www.allaboutcircuits.com/technical-articles/understanding-arduino-uno-
hardware-design/

e https://i2.wp.com/www.technobyte.org/wp-content/uploads/2016/08/Arduino-Uno-
multiple-input-management-circuit-op-amp-comparator-min.jpg

e http://www.ntu.edu.sg/home/ehchua/programming/arduino/arduino.html

e https://learn.sparkfun.com/tutorials/what-is-an-arduino/whats-on-the-board
e https://www.arduino.cc/en/Hacking/PinMapping168

e https://en.wikipedia.org/wiki/Ceramic resonator
e http://users.utcluj.ro/~baruch/sie/labor/Magistrala-USB.pdf



https://store.arduino.cc/arduino-uno-rev3
https://www.microchip.com/wwwproducts/en/ATmega328P
http://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-PA-88A-PA-168A-PA-328-P-DS-DS40002061A.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/ATmega48A-PA-88A-PA-168A-PA-328-P-DS-DS40002061A.pdf
https://www.allaboutcircuits.com/technical-articles/understanding-arduino-uno-hardware-design/
https://www.allaboutcircuits.com/technical-articles/understanding-arduino-uno-hardware-design/
https://i2.wp.com/www.technobyte.org/wp-content/uploads/2016/08/Arduino-Uno-multiple-input-management-circuit-op-amp-comparator-min.jpg
https://i2.wp.com/www.technobyte.org/wp-content/uploads/2016/08/Arduino-Uno-multiple-input-management-circuit-op-amp-comparator-min.jpg
http://www.ntu.edu.sg/home/ehchua/programming/arduino/arduino.html
https://learn.sparkfun.com/tutorials/what-is-an-arduino/whats-on-the-board
https://www.arduino.cc/en/Hacking/PinMapping168
https://en.wikipedia.org/wiki/Ceramic_resonator
http://users.utcluj.ro/~baruch/sie/labor/Magistrala-USB.pdf
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e https://components101.com/microcontrollers/arduino-uno

e Getting started with Arduino Uno: https://www.youtube.com/watch?v=zusVAX7bgtA

e https://electronics.stackexchange.com/questions/61537/what-is-the-cap-for-in-
arduino-reset-circuit

e https://arduino.stackexchange.com/questions/986/whats-the-2nd-icsp-header-for-in-
arduino-uno-r3

e https://startingelectronics.org/software/arduino/learn-to-program-course/01-program-
structure-flow/



https://components101.com/microcontrollers/arduino-uno
https://www.youtube.com/watch?v=zusVAX7bgtA
https://electronics.stackexchange.com/questions/61537/what-is-the-cap-for-in-arduino-reset-circuit
https://electronics.stackexchange.com/questions/61537/what-is-the-cap-for-in-arduino-reset-circuit
https://arduino.stackexchange.com/questions/986/whats-the-2nd-icsp-header-for-in-arduino-uno-r3
https://arduino.stackexchange.com/questions/986/whats-the-2nd-icsp-header-for-in-arduino-uno-r3
https://startingelectronics.org/software/arduino/learn-to-program-course/01-program-structure-flow/
https://startingelectronics.org/software/arduino/learn-to-program-course/01-program-structure-flow/

