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Controller
The controller is the «brain» of the system, able to process input signals
and provide outputs.

In particular, here we have analyzed 3 different controllers:
◦ Arduino

◦ Raspberry Pi

◦ STM32
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Continuous vs Discrete variables
Continuous

Continuous data involves complex numbers that are measured across a 
specific time interval.

Discrete

Discrete data involves round, concrete numbers that are determined by 
counting.



https://learn.g2.com/discrete-vs-continuous-data

Continuous vs Discrete variables



Digital Sensors
In the broadest definition, a sensor is a device, module, or subsystem 
whose purpose is to capture environmental variables and their 
variations.

Digital sensors than provide a digital output which represents the 
capture variable (or its variation).
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Analog vs discrete
Digital systems work in a discrete domain, both for the value and the 
temporal domains.

Capturing a continuous environmental variable mandatory means to 
temporally discretize and level quantize its values. 

How much information I lost?

◦ The quantization level always introduce a noise. The noise is related 
to the quantization step. 

◦ The Nyquist-Shannon theorem, instead, guarantees that can be 
found a suitable capturing frequency to avoid useful data to be lost. 



Arduino Inputs
Arduino can capture three different types of data:

◦ Analog data (converted into 1024 integer levels)

◦ Binary inputs

◦ Coded digital input

Binary inputs: from the pin 0 to 13, when programmed in INPUT. 

They can read HIGH or LOW values.

Analogue data: from pin A0 to A5



Arduino inputs



Raspberry Pi inputs



Switch
◦ Two possible states: open or closed

◦ Two types: normally closed or normally open

◦ Example: limit switch



Switch examples
Button



Switch examples
Magnetic contact switch



Switch examples
Limit switch



Circuit to connect a switch
https://www.arduino.cc/en/tutorial/button

https://www.arduino.cc/en/tutorial/button


Circuit to connect a switch
It is easier to buy a shield for the sensors/actuators.

The control circuit is integrated on each element.



Code for the switch circuit



Debouncing
The output of a switch can have a certain amount of noise.
Two possible solutions:
◦ Hardware solution: ad hoc circuit in order to clean the signal. If you buy a 

switch, you can control if the switch has a debouncing system

◦ Software solution: we can average a set of input read



Temperature sensors
Two categories:
◦ Binary sensors (on/off, based on a threshold. See Fig 2.11)

◦ Resistive sensors: their resistance value depends on the sensed temperature
◦ Rough estimation with a voltage divider

◦ Precise estimation: see figure 2.12



Examples
DHT11 or DHT22

The DHT11 is a digital temperature sensor that measures temperature 
and relative humidity.

The DHT22 temperature sensor is very similar to the DHT11. It also 
measures temperature and humidity and the pinout is the same. It is 
slightly more expensive, but it is more accurate and it has a wider 
temperature and humidity measurement range.



Examples
LM35DZ, LM335, LM34

The LM35DZ is a linear temperature sensor that comes directly 
calibrated in Celsius. The analog output is directly proportional to the 
temperature in Celsius: 10 mV per degrees Celsius rise in temperature. 

This sensor is very similar with the LM335 (calibrated in Kelvin) and with 
the LM34 (calibrated in Fahrenheit).



Examples
BME280

Humidity sensor measuring relative humidity, barometric pressure and 
ambient temperature.



Ultrasonic distance sensor
They measure the time from the emission of a suitable ultrasonic wave 
to the arrival of its echo on the sensor itself. 

HC-SR04

This sensor provides 2cm to 400cm of non-contact measurement 
functionality with a ranging accuracy that can reach up to 3mm. Each 
module includes an ultrasonic transmitter, a receiver and a control circuit



Light sensor
The more the light the photoresistor's face is exposed, the smaller its 
resistance is. Therefore, by measuring the photoresistor's resistance, we 
can know how bright the ambient light is.

On Arduino, the analog input pin converts the voltage into integer values 
(between 0 and 1023), called ADC value or analog value.

A photoresistor has two pins. Since it is a kind of resistor, we do NOT 
need to distinguish these pins. They are symmetric.
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Actuators
From the digital board to the analogue world

Basic example: a led

http://fritzing.org/download/

Wrong connection



Led
Series of a led and a resistor (220 Ohm is ok)



Resistors
A resistor is a passive electrical component that implements electrical 
resistance as a circuit element. 

In electronic circuits, resistors are used to reduce current flow, adjust 
signal levels, to divide voltages, bias active elements, and terminate 
transmission lines.



4/5 band code for resistors
You have to check what resistor is suitable for your project!



// pin a cui collegare i piedini del LED RGB  

const int VERDE = 8;  

const int BLU = 9;  

const int ROSSO = 11;  

// tempo di transizione colore  

const int delayTime = 20;  

void setup() {  

// imposta il pin digitale come output  

pinMode(VERDE, OUTPUT);  

pinMode(BLU, OUTPUT);  

pinMode(ROSSO, OUTPUT);  

// si impostano i pin

digitalWrite(VERDE, LOW);  

digitalWrite(BLU, HIGH);  

digitalWrite(ROSSO, LOW);  

}  

RGB LED

Resistors of 220 Ohm



Relay
It can be used to decouple the power circuit from the microcontroller, 
as well as to provide outputs with a different voltage. 

E.g., to switch on a 220V lamp



Relay: an example

OUTPUTS

CONTROLS

INPUT



LCD display
LCD (liquid crystal display) is the technology used for displays in 
notebook and other smaller computers. Useful to display numbers and 
letters.



OLED display
OLED is an organic light emitting diode in which the emissive 
electroluminescent layer is a film of organic compound that emits light 
in response to an electric current. An OLED display works without a 
backlight; it can display deep black levels and can be thinner and 
lighter than a liquid crystal display.



E-paper display
These displays reflect light instead of emitting it. Such displays are 
great for low power projects since they have the ability to keep the text 
or the image you had set before for a really long time and without 
electricity.



Displays
To chose the right display for your project, you have to carefully check 
the compatibility, the pixel resolution, the technology…



DC Motors
A DC motor is any of a class of rotary electrical motors that converts 
direct current electrical energy into mechanical energy. The most 
common types rely on the forces produced by magnetic fields. 



Servo motors with Arduino 
The basic operating principle of DC motor is the same as other 
electromagnetic motors.



PWM is a method of reducing the average power delivered by an 
electrical signal.

The average value of voltage (and current) fed to the load is controlled 
by turning the switch between supply and load on and off at a fast rate. 

Pulse-width modulation (PWM) can be implemented on the Arduino in 
several ways. 

Pulse-Width Modulation



PWM
PWM has several uses:

◦ Dimming an LED

◦ Providing an analog output; if the digital output is filtered, it will 

provide an analog voltage between 0% and 100%.    

◦ Generating audio signals.

◦ Providing variable speed control for motors.

◦ Generating a modulated signal, for example to drive an infrared LED 

for a remote control. 


