What are the differences between a generic computer and a
microcontroller?
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Application (A) oriented processors are systems on a chip (SoC):
o Midway between a generic computer and microcontroller.
o Has an operating system (e.g. Linux).
@ Does not have a non-volatile memory to store programs.
o Choice of peripherals not suited for process control.
@ More expensive than microcontrollers

(a) Raspberry Pi. (b) BeagleBoard-xm.
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~igure: Prototyping boards with high performance ARM Cortex A processors.



P
.

(a) DIP package (b) SMD package

~igure: Component packages: DIP and SMD compared to a coin for scale.



M as in microcontroller unit (MCU).

FO51x F030x L152x
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F303x F401x F407x F746x &

sure: Microcontrollers with 32-bit ARM Cortex M architecture, manufactured
by ST Microelectronics. The numbers designate the type of the microchip.



(a) ST Microelectronics Discovery. (b) Freescale Freedom.

~igure: Development boards with 32-bit ARM Cortex M architecture
microcontrollers.
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~igure: Overview of the Arduino Uno and Mega 2560 hardware.



Programmer
% 8-bit AVR microcontroller
ROM
(Flash)
t RAM EEPROM
Microprocessor Bus
(CPU)
Timers and Input and
Counters output Others
Oscillator Physical
(Crystal) pins

Simplified schematics of the AVR AT mega-series microcontrollers located
in most Arduino boards.
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8-bit RISC architecture

32 kB ROM (Flash)

2 kB RAM

16 MHz clock speed (max 20 MHz for the MCU)
14 digital pins, 6 analog

Programmed and powered by USB

Can be powered and programmed externally too!



(a) Arduino Ethernet Shield. (b) Arduino Motor Shield.

~igure: Expansion boards made by Arduino.



(c) Digilent Analog Shield. (d) Seeed Studio XBee
Shield.



Open Source electronic prototyping platform based on flexible easy to use
hardware and software.
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Installation (Windows)
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accept Al terms of the agreement, cick 1 Agree.
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vou don't want 1o instal. Click Next to continue,
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(c) Installation folder.

(d) Installation progress.



Drivers

@ Windows will automatically install drivers on first connection.
o Linux, macOS does not need drivers.

Installing device driver software ™ *
Click here for status,

13:52
2,2, 2017

Arduino Mega 2560 (COM13) installed

Arduino Megz 2560 (COMI13) ./ Ready to use

(h) Drivers found and installed.

~igure: A Windows machine will automatically install the drivers necessary to talk
to your Arduino board.



Arduino microcontrollers are programmed using the Arduino
IDE (Integrated Development Environment)

Can be downloaded for free from
http://arduino.cc/en/Main/Software

Arduino programs, called “sketches”, are written in a
programming language similar to C and C++

Every sketch must have a setup () function (executed just
once) followed by a loop () function (potentially executed
many times);

// makes “comments”. In order to code to make it easier to
read (technically optional, but actually required (by me))

Many sensors and other hardware devices come with
prewritten software — look on-line for sample code, libraries
(of functions), and tutorials



http://arduino.cc/en/Main/Software

sketch_feb09a | Arduino 1.0.5-r2 - O Name of current sketch
File Edit Sketch Tools Help Main menus
_ - & Verify (AKA compile)
Text area for B Upload (send to Arduino)
writing/editing
sketches. . Start a new sketch

[£] Open a sketch (from a file)
. Save current sketch (to a file)
=] Open Serial Monitor window

Error messages and other
feedback show up here.




Arduino IDE

p
)| Blink | Arduino 0021 . k o )

Elink
Turns on an LED on for one second, then off for one second, repeated]

This example code is in the public dowmain.

Y Input / Edit Ared

oid setup() {
J4 initialize the digital pin as an output.
44 Pin 13 haz an LED connected on most Arduine bhoards:
pinMode (13, OUTPUT) ;

+

oid loop()
digitalWrite (13, HIGH) : /7 set the LED on
delay(l000]); 4 wait for a second
digitalWrite(l3, LOW): /¢ =set the LED off
delav(1000); A4 wait for a second

See: http://arduino.cc/en/Guide/Environment for more information



http://arduino.cc/en/Guide/Environment
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void setup () {
// put your setup code here,

void loop () {
// put your main code here,
repeatedly:

to run once:

to run




setup : setup () function is called when a sketch starts.
Use 1t to Initialize the variables, pin modes, start using
libraries, etc. The setup function will only run once, after
each power up or reset of the Arduino board.

loop : After creating a setup () function, which initializes

and sets the initial values, the loop () function does

precisely what its name suggests, and loops consecutively,
allowing your program to change and respond. Use it to
actively control the Arduino board.

void keyword is used only in function declarations. It
indicates that the function is expected to return no
information to the function from which it was called.



BareMinimum — sketch organization

BareMinimum | Arduino 1.0.5-r2 - =
File Edit Sketch Tools Help

BareMinimum &

wvoid setup () ™
{

A4 put your setup code here, to run once
A7 e.g. define wvariables; initialize pins; include libraries

wvold loop ()
{
A4 put your main code here, to run repeatedly
A e.g. read sensor, log data to 3D card, pause 1 sec, repeat




Verify the syntax of an empty sketch with an empty setup () and 1oop ()
function.

o Click the checkbox icon.
“Compiling sketch...” —look at the progress at the command line.

Arduino IDE reports ROM and RAM usage.

o Program is compiled and checked for syntax errors, but is not
uploaded to the Arduino board.

Q
Q



@ You must select the virtual serial port in the Arduino

o Port used for communicating with the Arduino.

o Tools -> Port -> (Select port).
@ Linux and macOS have different names than COM1:

Linux /dev/ttyACMXXX.
Mac: /dev/cu.usbmodemXXXX.

@@ sketch_jan12a | Arduino 1.0 - (o x| (&5 sketch_nov04a | Arduino 102 _ N

File Edit Sketch | Tools Help

& g Auto Format
Archive Sketch
sketch_jan12a Fix Encoding & Reload

Serial Monitor

File Edit Sketch Help

Auto Format

Archive Sketch

Ctrl+T

sketch_novods

Ctrl+Shift+M - .
Serial Maonitor

Board

Serial Port:

Board

Programmer
Burn Bootloader

Serial Port

Programmer

Burn Bootloader

Arduino Duemilanove w ATmega328 on COMG

Fix Encoding & Reload

Ctrl+T

Ctrl+Shift+M

3

»

3

IDE

@ Arduino Uno

Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmegal 68
Arduino Mano w/ ATmega328

Arduino Mano w/ ATmegalbd

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal 250)

Arduino Leonardo

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT wy/ ATmegal68

LilyPad Arduino wy/ ATmega328

LilyPad Arduino w/ ATmegal6d

Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3V, 16 MHz) w/ ATmegal 68
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino MG or older w/ ATmegal6s

Arduino NG or older w/ ATmega8




void sstupdy {

pirfiode ¢ ledPing, CUTPUT ); £ osehE |
P
woid |||| I:::I -|:
digital¥ritelladPin, HIGH); // zetz &
. Az Lo 1088 5 ; A waiks
L Wl"ltE }fﬂur SI(Etﬂh AgitalvritelladPin, LONY;  /F gets €
do Lo {1008 5 ; A owaiks

h

® Press Compile button

(to check for errors) compile

® Press Upload button to program
Arduino board with your sketch

upload
Try it out with the “Blink” sketch!
THX/RX flash
Load “File/Sketchbook/Examples/Digital/Blink’ o

R
¥ sketch runs



Input/Output

Output Transducers
actuators (e.g.,
motors, buzzers)

(¢

Input Transducers
sensors (e.g., switches,
levers, sliders, etc.)

Arduino
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Image from Theory and Practice of Tangible User Interfaces Lectures at UC Berkeley



What is analog what is
' . V/\ l

digital?

Analog is continuous =l Al INPUT

range of voltage values 0
(not just 0 or 5V)

Digital IO is binary valued -
it's either on or off, 1 or 0 v . OUTPUT

Internally, all ]|
MICroprocessors are
digital.

~




quantization error

( 50
4375
analogue
3.750 signal
3125 quantized
> signal
u 2500
8 ; p—
levels | = sampling
(n=3) 1875 points
1.250
0625
S
0 1 2 3 1
time (1)
-

sampling period

Resolution: the number of different voltage levels (i.e., states) used to discretize
an input signal

Resolution values range from 256 states (8 bits) to 4,294,967,296 states (32 bits)
The Arduino uses 1024 states (10 bits)

Smallest measurable voltage change is 5V/1024 or 4.8 mV

Maximum sample rate is 10,000



Converting Analog Value to Digital

4 1

v 1L

ov 2.5V 5V
Input Voltage

Digital Output @




The Arduino Uno board contains 6 pins for ADC

10-bit analog to digital converter

This means that it will map input voltages between 0 and
5 volts into integer values between 0 and 1023



Serial.println(value);
Prints the value to the Serial Monitor on your computer
pinMode (pin, mode) ;

Configures a digital pin to read (input) or write (output)
a digital value

digitalRead (pin) ;

Reads a digital value (HIGH or LOW) on a pin set for
Input

digitalWrite (pin, value);

Writes the digital value (HIGH or LOW) to a pin set for
output



Microcontroyjer

pinMode (pin, mode)
Sets pin to either INPUT or OUTPUT

digitalRead (pin)
Reads HIGH or LOW from a pin

digitalWrite(pin, value)
Writes HIGH or LOW to a pin

Electronic stuff
Output pins can provide 40 mA of current



« A pin on arduino can be set as input or output
by using pinMode function.

« pinMode (13, OUTPUT); // sets pin 13 as
output pin

« pinMode (13, INPUT); //sets pin 13 as input
olg



e digitalWrite (13, LOW);// Makes the
output voltage on pin 13, OV

e digitalWrite (13, HIGH);// Makes the
output voltage on pin 13, 5V

e int buttonState = digitalRead (2); //
reads the value of pin 2 in buttonState



analogRead (A0) ; // used to read the analog
value from the pin AQO

Analog output 0-5V
5V =>255
oV=> 0

Pin 3 gives 5V
analogWrite (3,255);



5V 255
4\/ X

X = (4*255) /5 = 204

analogWrite ( ©

’

204

) ;

34



To blink an LED is the “Hello world” example for microcontrollers. This
example helps to familiarize you with the basic syntax and verifies

successful deployment (See: ledblink/ledblink.ino).

1

%]

void setup ()

pinMode (D13, OUTPUT);

}

void loop () {
digitalWrite (D13,
delay (1000);
digitalWrite (D13,
delay (1000);

HIGH) ;

LOW) ;

//

//
//
//
//

Pin D13 out

turn
walt
turn
walit

the on
1l s
off
1l s




Our First Program

8 00 Blink | Arduino 1.0

Blink

s
Blink
Turnz on an LED on for ane second, then off for one second, repeatedlwy.

Thiz example code iz in the public domain.
¥

void setup() {
A7 initialize the digital pin as an output.,
A7 FPin 13 has an LED connected on most Arduino bogrds:
pinMode{13, OUTRUT );

¥

void looph 4
digitalWrite(13, HIGH); /7 set the LED on

de Loy (1888 % A wait for o second
digitalWrite(13, LOWY;  // set the LED off
de Loy (LR8E " A8 wait for a second

¥

Arduino Uno on fdev/tty.usbmodemfd131




Place an LED on the breadboard (don’t put both legs into a single (connected)
column)

Wire the LED’s negative (shorter) lead to a 560 Ohm “safety resistor” then wire
the other end of the resistor to ground (GND)

Wire the LED’s positive (longer) lead to digital Pin 13 on the Arduino

Plug in the Arduino with the USB cable and run the Arduino IDE software on the
computer

Under Tools:Board make sure Arduino Uno IS selected
Under Tools:Serial Port selectthe correct COM port (e.g. COM3)
Look at the code. Note delay (1000) waits 1000 millisec = 1 second

Verify (AKA Compile) the code , then Upload it to the Uno — notice that it
runs immediately (and will re-run if you power cycle) — the sketch will stay in the
Uno memory until overwritten or erased

Discuss how the sketch works (in general terms: setup (), loop (), liberal use of
comments); digital HIGH is 5v and LOW is 0V (ground)

This is an example of “control (output) using digital pin 13”



void setup ()

{

pinMode (77, OUTPUT) ; //configure pin 77 as output

}
// blink an LED once

void blink()

{
digitalWrite (77,HIGH); // turn the LED on

delay (500); // wait 500 milliseconds
digitalWrite (77,LOW); // turn the LED off
delay (500); // wait 500 milliseconds

}

void loop() //blink a LED repeatedly

{

digitalWrite(77,HIGH); // turn the LED on
delay (500); // wait 500 milliseconds
digitalWrite (77,LOW); // turn the LED off
delay (500); // wait 500 milliseconds

}



