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AtMega328P
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USB port
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digital pins
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analog pins
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power pins
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Why Arduino is interesting?
physics @ school = part of the global training process
laboratory activities is compulsory (IBSE)

from “look” to “make”
consolidate conceptual understanding
acquire “soft skills” 

commercial devices = “black boxes”

11
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Perché Arduino?
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It is true that software 
cannot exercise its 
powers of lightness 
except through the 
weight of hardware. But 
it is software that gives 
the orders…

Italo Calvino - Six memos for the next millennium (1988)
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START

setup()

loop()
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Anatomy of a sketch
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setup()
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void setup() {
   pinMode(10, INPUT);
}
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loop(): analog pins
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float V;

void setup() {
  …
}

void loop() {
   V=analogRead(pin)*5./1023;
}
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loop(): analog pins
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float V;

void setup() {
  …
}

void loop() {
   V=analogRead(pin)*5./1023;
}

analogRead(pin) 
reads the voltage 
on an analog pin
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loop(): analog pins
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float V;

void setup() {
  …
}

void loop() {
   V=analogRead(A0)*5./1023;
}

pins are named A0, A1, …
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loop(): analog pins
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float V;

void setup() {
  …
}

void loop() {
   V=analogRead(pin)*5./1023;
}

conversion factor
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An analog pin example
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Temperature Sensor LM35
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float V;

void setup() {
  …
}

void loop() {
  digitalWrite(pin, HIGH);
  delayMicroseconds(150);
  digitalWrite(pin, LOW);
  delay(1);
}

loop(): digital pins

22

set the pin status



G
io

va
nn

i O
rg

an
tin

i  
- “

S
ap

ie
nz

a”
 U

ni
ve

rs
ità

 d
i R

om
a

float V;

void setup() {
  …
}

void loop() {
  digitalWrite(pin, HIGH);
  delayMicroseconds(150);
  digitalWrite(pin, LOW);
  delay(1);
}

loop(): digital pins

23

HIGH = TRUE = 1
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float V;

void setup() {
  …
}

void loop() {
  digitalWrite(pin, HIGH);
  delayMicroseconds(150);
  digitalWrite(pin, LOW);
  delay(1);
}

loop(): digital pins

24

LOW = FALSE = 0
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float V;

void setup() {
  …
}

void loop() {
  digitalWrite(pin, HIGH);
  delayMicroseconds(150);
  digitalWrite(pin, LOW);
  delay(1);
}

loop(): digital pins

25

timing functions
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float V;

void setup() {
  …
}

void loop() {
  digitalWrite(pin, HIGH);
  delayMicroseconds(150);
  digitalWrite(pin, LOW);
  delay(1);
}

loop(): digital pins

26

150 μS
1 mS
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A digital pin example

27



G
io

va
nn

i O
rg

an
tin

i  
- “

S
ap

ie
nz

a”
 U

ni
ve

rs
ità

 d
i R

om
a

Ultrasonic sensors
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Ultrasonic sensors
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Ultrasonic sensors

30

void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}
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Ultrasonic sensors

31

void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Set pin mode

pin 7: TRIG

pin 8: ECHO 
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void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Ultrasonic sensors

32

Assign pin status

pin 7 (TRIG): 0 V
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Ultrasonic sensors

33

void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Generate the trigger pulse

10 µs
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void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Ultrasonic sensors

34

Return the time spent in 
function
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void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Ultrasonic sensors

35

Compute distance
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void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d);
  delay(50);
}

Ultrasonic sensors

36

Send distance to USB
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void setup() {
  Serial.begin(9600);
  pinMode(7, OUTPUT);
  pinMode(8, INPUT);
  digitalWrite(7, LOW);
}

void loop() {
  digitalWrite(7, HIGH);
  delayMicroseconds(10);
  digitalWrite(7, LOW);
  unsigned long t = pulseIn(8, HIGH);
  float d = 343.*t*1e-6/2;
  Serial.println(d/2);
  delay(50);
}

Ultrasonic sensors

37

wait 50 ms
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PWM: Pulse Width Modulation

39

analogWrite(pin, value);



G
io

va
nn

i O
rg

an
tin

i  
- “

S
ap

ie
nz

a”
 U

ni
ve

rs
ità

 d
i R

om
a

PWM: Pulse Width Modulation

40

analogWrite(9, 0);

Vpin

t

0% duty cycle
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PWM: Pulse Width Modulation
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analogWrite(9, 127);

Vpin

t

50% duty cycle
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PWM: Pulse Width Modulation
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analogWrite(9, 191);

Vpin

t

75% duty cycle
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PWM: Pulse Width Modulation

43

analogWrite(9, 255);

Vpin

t

100% duty cycle



G
io

va
nn

i O
rg

an
tin

i  
- “

S
ap

ie
nz

a”
 U

ni
ve

rs
ità

 d
i R

om
a

Applications of PWM

LED Intensity modulation

Sound: tone(pin, frequency, duration)

Motors (servo)

44
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Serial communications

45

MASTER SLAVE SLAVE SLAVE

5V

The I2C protocol

SDA
SCL
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Serial communications

46
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The I2C protocol
Usually, manufacturers distribute dedicated libraries

Each slave device has a unique ADDRESS (usually in hexadecimal)
Start data transmission
Write/read data as a sequence of bytes
End data transmission

Slave addresses can be found on device data sheet
The Wire library can be used (#include <Wire.h>)

47
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The I2C protocol

48
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The Wire library

49
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The Wire library

50

void setup() {
   Wire.begin();
}
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The Wire library

51

void loop() {
   …
   Wire.beginTransmission(ADDRESS);
   Wire.write(register);
   Wire.write(data);
   Wire.endTransmission();
   …
}
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The Wire library

52
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The Wire library

53
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The Wire library

54
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The Wire library
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The Wire library

56
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The Wire library

57

#define ADDRESS 0x1E

void loop() {
  …
  Wire.beginTransmission(ADDRESS); 
  Wire.write(0x01); // select configuration register B
  Wire.write(0x20); // set range to +- 1.3Ga 
  C = 1.e2/1090.;
  Wire.endTransmission();
  …
}
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The Wire library

58

void loop() {
   …
   Wire.requestFrom(ADDRESS, nBytes);
   for (i = 0; i < nBytes; i++) {
      data[i] = Wire.read();
   }   
   …
}
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The Wire library

59
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The Wire library

60
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The Wire library

61

void loop() {
   …
   Wire.requestFrom(ADDRESS, nBytes);
   for (i = 0; i < nBytes; i++) {
      data[i] = Wire.read();
   }   
   …
}
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The Wire library

62

void loop() {
  …
  Wire.beginTransmission(ADDRESS);
  Wire.write(0x03);
  Wire.endTransmission();
  Wire.beginTransmission(ADDRESS);
  Wire.requestFrom(ADDRESS,6);
  while (!(Wire.available())) {};
  int x = (Wire.read() << 8) | Wire.read();
  int z = (Wire.read() << 8) | Wire.read();
  int y = (Wire.read() << 8) | Wire.read();
  Wire.endTransmission(); 
  …
}
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The Wire library

63

void loop() {
  …
  int x = (Wire.read() << 8) | Wire.read();
  int z = (Wire.read() << 8) | Wire.read();
  int y = (Wire.read() << 8) | Wire.read();
  Wire.endTransmission();
  float Bx = C*x;
  float Bz = C*z;
  float By = C*y;
  float B = sqrt(Bx * Bx + By * By + Bz * Bz); 
  …
}
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The Wire library

64

#include <HMC5883L.h>
HMC5883L compass;

void setup() {
  Wire.begin(); // Start the I2C interface.
  compass.setScale(1.3);
}

void loop() {
  …
  MagnetometerScaled B = compass.readScaledAxis();
  float Bx = B.XAxis;
  …
}
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Not only I2C
Other serial protocols exist/can be implemented

SPI: Serial Peripheral Interface
Uses 4 lines: SCK (Serial Clock), MISO (Master In Slave Out), MOSI (Master Out Slave In) and 
optionally SS (Slave Select)

Other libraries exist/can be implemented

#include <SPI.h>
SPI.begin();
SPI.transfer()

65
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An SPI device

66

SS 10
11MOSI

MISO
SCK 13

12

Arduino UNO ports
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An SPI device

67

SS 10
11MOSI

MISO
SCK 13

12

Arduino UNO ports
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Simplified usage
The SD library

68

File f;

void setup() {
  …
  SD.begin(10);
  f.open(“filename.txt”, FILE_WRITE);
  …
}
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Simplified usage
The SD library

69

void loop() {
  …
  f.println(“a string”);
  f.println(variable);
  …
  f.close();
}
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Resources

70



G
io

va
nn

i O
rg

an
tin

i  
- “

S
ap

ie
nz

a”
 U

ni
ve

rs
ità

 d
i R

om
a

Resources

71
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Resources

72
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