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Electronic Prototyping
Analog to digital converter and actuators

Lesson 3



Analog to digital 
converter
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Example of A/D Applications

• Microphones 

• Take your voice pressure in the air and convert them 

into an electrical signal

• Strain gauges

• Determine the displacement of an object (change in 

dimensions) when a stress is applied

• Thermocouple

• Converts temperature difference into an electrical 

potential
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What is an ADC?

An ADC (Analog-to-Digital-Converter) is a circuit which gets 
an analog voltage signal and provides (to software) a 
variable proportional to the input signal.

An ADC is characterised by:

• The range (in volts) of the input signal (typical [0,5V] or [0, 3.3V] ).

• The resolution (in bits) of the converter

Example

• Range = [0,5V]

• Resolution = 12 bits

Results in range [0, 212- 1 ] = [0, 4095]

0V à 0         2.5V à 2048        5V à 4095
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Just what does an A/D converter 
do?
• Converts analog signal into binary words
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Analog à Digital Conversion
2 Step process:

• Quantizing

• Breaking down analog value is a set of finite states

• Encoding

• Assigning a digital word or number to each state and 

matching it to the input signal
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Step 1: Quantizing (1/2)

Example

You have 0-10V signals.  

Separate them into a set of 

discrete states with 1.25V 

increments.

(How did we get 1.25V? 

See next slide…)
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Output 
States 

Discrete Voltage 
Ranges (V)

0 0.00-1.25
1 1.25-2.50
2 2.50-3.75
3 3.75-5.00
4 5.00-6.25
5 6.25-7.50
6 7.50-8.75
7 8.75-10.0



Step 1: Quantizing (2/2)

The number of possible states that the converter can 

output is:

N=2n

where n is the number of bits in the AD converter

Example: For a 3 bit A/D converter, N=23=8.

Analog quantization size:

Q=(Vmax-Vmin)/N = (10V – 0V)/8 = 1.25V
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Step 2 – Encoding 

Here we assign the 

digital value (binary 

number) to each state 

for the computer to 

read
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Output 
States

Output Binary 
Equivalent

0 000
1 001
2 010
3 011
4 100
5 101
6 110
7 111



Accuracy of A/D Conversion

There are two ways to best improve accuracy of A/D 

conversion:

• increasing the resolution which improves the accuracy in 

measuring the amplitude of the analog signal.

• increasing the sampling rate which increases the 

maximum frequency that can be measured.

21/05/19 Laboratorio Tecnologie Biomediche 10



Resolution

• Resolution 

• (number of discrete values the converter can produce) = 

Analog Quantization size (Q)

• (Q) = Vrange / 2n, where Vrange is the range of analog 

voltages which can be represented

• limited by signal-to-noise ratio (should be around 6dB)

• In our previous example:

• Q = 1.25V, this is a high resolution.  

• A lower resolution would be if we used a 2-bit converter, then 

the resolution would be 10/22 = 2.50V.
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Sampling rate

Frequency at which ADC evaluates analog signal.  As we 

see in the second picture, evaluating the signal more often 

more accurately depicts the ADC signal.  
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Overall Better Accuracy

Increasing both the sampling rate and the resolution you 

can obtain better accuracy in your AD signals.
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Analog to digital converter
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The Analog to Digital Conversion 
Process (1/2)

• Sounds are analog - they are made of waves that travel through matter. 

People hear sounds when these waves physically vibrate their eardrums. 

• Since Computers are digital devices, they cannot understand these 

continuous pressure variable analog signals, so they communicate 

digitally, using electrical impulses that represent 0s and 1s ( i.e., through 

Binary). 

Binary Notations: 

• One binary digit (0 or 1) is referred to as a bit, which is short for binary 

digit. One bit can only be used to represent 2 different values: 0 and 1. 
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The Analog to Digital Conversion 
Process (2/2)

• To represent more than two values, we need to use 

multiple bits. 

• Two bits combined can be used to represent 4 

different values:

• 0 0, 0 1, 1 0, and 1 1. 

• Three bits can be used to represent 8 different 

values: 

• 0 0 0, 0 0 1, 0 1 0, 1 0 0, 0 1 1, 1 0 1, 1 1 0 & 1 1 1.

• In general, 'n' bits can be used to represent 2n

different values.

20 1

21 2

22 4

23 8

24 16

25 32

26 64

27 128

28 256

29 512

210 1024

211 2048

212 4096
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Arduino Due ADC

• The Due has the following hardware capabilities:

• Resolution is defaults to 10 bits (returns values between 0-1023)

• 2 pins with 12-bit DAC (Digital-to-Analog Converter)

• The Due boards have 12-bit ADC capabilities that can be accessed 

by changing the resolution to 12.

• This will return values from analogRead() between 0 and 4095.
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Example 1: Potentiometer

• Simulation of analog sensor using a potentiometer 

and conversion in millivolts

Open Example 1 in the shared folder
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Actuators and movements
(Mechatronics)
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Basic of mechatronics
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Actuators

Computer

Controller

Transformation Process

Sensors

DAC ADC

Input DevicesOutput Devices

Continuous and Discrete
Variables

Continuous and Discrete
Parameters



Actuators
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MOVIMENTO TECNOLOGIA
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Actuators map – Force vs velocity
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Electrical Motors

• A motor is an electro-mechanical device that converts 

electrical energy to mechanical energy.

• The very basic principal of functioning of an electrical motor 

lies on the fact that force is experienced in the direction 

perpendicular to magnetic field and the current, when field 

and current are made to interact with each other. 
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Types of motors
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Jussi Suomela HUT/Automation 25

• simple, cheap

• 1W - 1kW 

• can be overloaded

• brushes wear

• limited overloading

on high speeds

DC motor



• Controller + H-bridge

• PWM-control

• Speed control by

controlling motor

current=torque

• Efficient small

components

• PID control

DC motor



H - bridge



H - bridge



SERVO Motor SG90
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PWM with Arduino Due
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Stepper motor
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Stepper motor
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Stepper motor
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Stepper motor
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Stepper motor
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Stepper vs servo motor

• Both the stepper motor and servo motor are used 

primarily in position control applications, but there 

lies a difference in their working and construction.

• In the stepper motor, the position is controlled thanks to 

the magnetic attraction of the rotor with the magnetized 

coil of the stator. In a servo motor the position is 

controlled by the specialized circuit and the feedback 

mechanism, which generates an error signal to move the 

motor shaft.

• Servos are usually limited to a 0-180 degree range, while 

a stepper motor can rotate continuously.
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How to choose the right actuator(s)
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MOTORE
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A simple system
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K

Jm [Kgm^2] : Inerzia rotore motore

Fm [Nm]      : Coppia all’albero motore
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[rad]       :  Posizione angolare albero motore

[rad/s]    :  Velocità angolare albero motore

[rad/s^2] :  Accel. angolare albero motore
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i quali vanno rispettivamente confrontati con i tre parametri caratteristici del motore riportati sul data sheet motore

- M nom : Coppia Nominale

- M max : Coppia massima

- Vel max : Velocità massima

)(1 2tFm
T

rmsFm =

))(max( tFmpkFm =

))(max( tpkVel q!=

Per dimensionare correttamente il motore servono tre indicatori ricavabili dalla analisi dinamica precedente :

- Coppia efficace o rms (root mean square) Fm rms sul periodo T[s] del ciclo di lavoro

- Coppia di picco Fm pk

- Velocità di picco Vel pk

Criterio Dimensionamento

Fm rms < M nom

Fm pk < M max

Vel pk < Vel max



Exercise 2: positioning of 
Servo motor using a 

potentiometer
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Components
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#include <Servo.h>

FIND DATASHEET

Use analog read values from potentiometer (0 to 1023) to position servo motor from 

0 to 180 degrees



Exercise 3: change stepper 
speed using a 
potentiometer
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Components
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#include <Stepper.h>

FIND DATASHEET



Batteries dimensioning
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Example: contactless
thermometer
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MLX90615 by Melexis

Battery capacity 550 mAh @9 V



Contactless thermometer
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Current consumption
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Current consumption
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Current consumption
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Current consumption
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