MEASUREMENTS WITH ARDUINO

Ing. Paolo Guidorzi

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




 MEASUREMENTS WITH ARDUINO

page 2

Topics covered

- Introduction: what is Arduino

- Embedded systems, microcontrollers, sensors, home automation...

- Ohm's law, resistors, LEDs, opamp, sensors, I12C and SPI protocols
- Arduino : hardware, firmware, software (the "sketch"), the community
- Arduino and the outside world: analog and digital ports, the serial interface
- Sampling Theorem, Nyquist frequency, Antialiasing filters

- Arduino's programming language and its development environment

- The first experiments, breadboards, Prototype Board, PCB

- Reading the value of a potentiometer

- From the value of a potentiometer to the PWM output

- Brightness of an LED

- Continuously variable PWM output

- From the PWM signal to a direct voltage. «Poor man DAC»

- Using a button. Pull-up and pull-down resistors

- The voltage divider

- Resistive sensors: The photocell

- Resistive sensors: GAS sensor
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- The temperature sensor LM35 (analog)
- The thermocouple K temperature sensor (MAX6675 digital interface)
- The temperature and humidity sensors DHT11 / DHT22 (digital interface)
- The temperature sensor DS18B20 (1-Wire digital interface)
- Serial 7-segment display
- Color TFT graphic display (2.8") using Arduino UNO
- Connection of another TFT graphic display (1.8") using Arduino UNO
- Connection of another TFT graphic display (2.2") using Arduino MEGA2560
- External DAC and ADC converters
- Temperature and pressure sensor
- Bidirectional data communication between Arduino and computer (via serial port)
- Data communication from smartphone to Arduino via Bluetooth
- Using of a Multiplexer
- Example of a complete realization: the electronic nose:
- Graphic display
- 16 bit ADC - Humidity temperature pressure sensor
- Data storage on microSD and real-time clock
- Multiplexer
- Gas sensors
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Arduino is a rapid prototyping tool that allows to create small stand-
alone interactive systems.

It was created for artists, designers, scholars, researchers or anyone
who needs a smart tool for a specific application.

Both the Arduino hardware and software are open source, and many
ready-made projects can be freely found online (for example on the
www.arduino.cc and www.arduino.org sites)

It is easy to use, you don't need to be an electronic engineer
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It is programmed from computer with a language similar to C
It has various inputs and outputs (digital and analog)

It can be expanded using the so-called Shields, which expand the
possibilities of use and interfacing with other devices and sensors

Custom expansions for particular uses can be created by users

il
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There are many versions of Arduino, with different numbers of inputs
and outputs and different computing powers. They all share the same
programming language and environment.

Arduino UNO:

<

ARDUINO.

".(

https:/fwww.arduino.cc/

Microcontroller
Operating Voltage

Input Voltage
(recommended)

Input Voltage (limit)
Digital 1/0 Pins

PWM Digital 1/0 Pins
Analog Input Pins

DC Current per 1/0 Pin

DC Current for 3.3V Pin

Flash Memory

SRAM
EEPROM
Clock Speed
LED_BUILTIN
Length
Width

Weight

ATmega328P

5V

7-12v

6-20V

14 (of which 6 provide PWM output)
6

6

20 mA

50 mA

32 KB (ATmega328P) of which 0.5 KB used by
bootloader

2 KB (ATmega328P)
1 KB (ATmega328P)
16 MHz

13

68.6 mm

53.4 mm

25g
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Adean M EGA2560. Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12v

Input Voltage (limit) 6-20V

Digital I/0 Pins 54 (of which 15 provide PWM output)

Analog Input Pins 16

DC Current per 1/0 Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader

SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

LED_BUILTIN 13

Length 101.52 mm

Width 53.3mm

Weight 37g
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Arduino DUE:

https:/fwww.arduino.cc/

. - -
WHEONWVMWMYNWNW

Microcontroller

Operating Voltage

Input Voltage (recommended)
Input Voltage (limits)

Digital 1/O Pins

Analog Input Pins

Analog Output Pins

Total DC Output Current on all 1/0 lines
DC Current for 3.3V Pin

DC Current for 5V Pin

Flash Memory

SRAM

Clock Speed

Length

Width

Weight

ATS1SAM3XBE

3.3V

7-12v

6-16V

54 (of which 12 provide PWM output)
12

2 (DAC)

130 mA

800 mA

800 mA

512 KB all available for the user applications
96 KB (two banks: 64KB and 32KB)
84 MHz

101.52 mm

533 mm

36g
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Microcontroller ATmega328P Microcontroller ATmega2560
Operating Voltage 5V Operating Voltage 5V
Input Voltage 712V Input Voltage (recommended) 7-12v
(recommended)
. Input Voltage (limit) 6-20V
Input Voltage (limit) 6-20V

Digital I/O Pins

PWM Digital 1/0 Pins
Analog Input Pins

DC Current per I/O Pin

DC Current for 3.3V Pin

Flash Memory

SRAM
EEPROM
Clock Speed
LED_BUILTIN
Length
Width

Weight

https:/fwww.arduino.cc/

14 (of which 6 provide PWM output)
6

6

20 mA

50 mA

32 KB (ATmega328P) of which 0.5 KB used by
bootloader

2 KB (ATmega328P)
1 KB (ATmega328P)
16 MHz

13

68.6 mm

53.4 mm

25 g

Digital I/O Pins
Analog Input Pins

DC Current per /0 Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed
LED_BUILTIN

Length

Width

Weight

54 (of which 15 provide PWM output)
16

20 mA

50 mA

256 KB of which 8 KB used by bootloader
8 KB

4 KB

16 MHz

13

101.52 mm

53.3 mm

iTg
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Microcontroller

Operating Voltage

Input Voltage (recommended)
Input Voltage (limits)

Digital 1/O Pins

Analog Input Pins

Analog Output Pins

Total DC Output Current on all I/0 lines
DC Current for 3.3V Pin

DC Current for 5V Pin

Flash Memory

SRAM

Clock Speed

Length

Width

Weight

https:/fwww.arduino.cc/

AT91SAM3XBE

3.3V

7-12V

6-16V

54 (of which 12 provide PWM output)
12

2 (DAC)

130 mA

800 mA

800 mA

512 KB all available for the user applications
96 KB (two banks: 64KB and 32KB)
84 MHz

101.52 mm

53.3 mm

36g

Microcontroller

Operating Voltage

Input Voltage (recommended)

Input Voltage (limit)
Digital I/O Pins
Analog Input Pins

DC Current per /0 Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed
LED_BUILTIN

Length

Width

Weight

ARDUINO

ATmega2560

5V

7-12V

6-20V

54 (of which 15 provide PWM output)
16

20 mA

50 mA

256 KB of which 8 KB used by bootloader
8 KB

4 KB

16 MHz

13

101.52 mm

53.3 mm

iTg
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Compare board specs

Uno

Due

Leonardo
Mega 2560
Mega ADEK
Micro
M

Mano

Ethernet
Esplora
ArduinoBT
Fio

Pro (168)
Pro (328)

Pro Mini

LilvPad

LilvPad USB

LilvPadSimple

ATmega328
ATOISAMIX
BE
ATmega32ud
ATmega2560
ATmega2560
ATmega3d2ud
ATmega328
ATmegal 68
ATmegal28
ATmega328
ATmega3dZud
ATmepa328
ATmega328P

ATmegal 68
ATmegal28

ATmegal 68

ATmegal 68V
ATmega32EV

ATmega32ud

ATmega328

LilvPadSimples ATmega328

SWVIMT-12 WV
I3IWVA-12 W

SWVIT-12 WV
SWVIAT-12 W
SWVA-12 WV
SWVIT-12 WV
5 WIT-9 W

5 W79 W

SWVIT-12 WV
SWVIT-12 WV
S5WVR25-12V
IINVGBTTV

3.3 W/335-12
W

SWIA-12 WV

33 W/335-12
W
5WVA-12 W

2 T-55WV2T-
55V

3.3 VI3 85V

2. T35 W2 T-
55V

2755 W2 T-
55W

16 Mhz
84 Mhz

16 Mhz
16 Mhz
16 Mhz
16 Mhz
16 Mhz

16 Mhz

16 Mhz
16 Mhz
16 Mhz
8 Mh=

8 Mh=
16 Mhz

8 Mh=
16MMh=

8 Mh=

8 Mh=

8 Mh=

8 Mhz

01 A0/
12/02/14

0112400
160
1640

0112400

O 1ADED

01 00
O 1A

0104040
01 /0800

O 1D
O 1AM

O 1A

O 1AM/

01504400

01504500

0104400

This simple table shows a quick comparison between the characteristics of all the Arduino boards.

14406/ 14
5412

2040714
5415
54415

2040714

1440614

14/06/14
14/04/14

14406414
14406414

14406414
1440614

14/06/14

14406/ 14
090414

090414

090414

N SR U R A e
[
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Arduino was born in 2005 from another platform for simplified
prototyping, Wiring, created for non-experts, by Hernando Barragan, of
which Massimo Banzi, creator of Arduino, was a supervisor.
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MaSS|mo Ban2| David Cuartlelles The name Arduino comes from

David Mellis, Tom Igoe, Gianluca the name of a café in Ivrea where
Martino the team met in their free time.

Arduino d'lvrea was king of Italy
from 1002 to 1014
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Who are Arduino users?

Makers are interesting people: they are not nerds, they are
rather cool guys who are interested in technology, design,
art, sustainability, alternative business models. They live on
online communities, open source software and hardware
but also on the dream of inventing something to produce on
their own, to live off their own inventions. In a time of crisis
they invent their work instead of looking for a classic one.

(from an interview with Massimo Banzi on Wired)
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Computer: general purpose, suitable for different needs. Does everything
without being optimized for a particular task

Microprocessor: data processing unit (generic). Requires external elements
(RAM, peripherals, bus, etc.) to operate. In computers there is a microprocessor

DSP: microprocessor specialized in mathematical operations related to signal
processing

FPGA: array of programmable logic ports, in some ways similar to the DSP

Microcontroller: chip that includes all the main elements to work (volatile and
non-volatile memory, bus, inputs and outputs, etc.)

Embedded system: "intelligent" electronic device created for a precise function
(e.g. a thermostat, a remote control). Created and optimized for a single task

Arduino uses a microcontroller, so the board requires only few additional
components to work (a quartz, i.e. the system clock, some voltage regulators, a
chip to communicate with the computer via USB and little else)
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When to use a general purpose device (computer) and when a specialized one
(embedded system) like Arduino?

- Portability

- Special needs

- Miniaturization

- Energy Efficiency

Other examples of small embedded systems commonly used by hobbyists and experimenters:

Raspberry Teensy Pl

Partially compatible with
Arduino (but much more
powerful)!
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Ohm's Law V=R *| | (current)
—

V Vot il

| Ampere R (resistance)

V (voltage)

)
v R
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Force sensor, potentiometer,
photocell, linear resistive sensor
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LED (Light-Emitting Diode)

- It's a diode

- The current runs through it
only in one direction

- The current must be limited
using a resistance in series

Epoxy lens/case

Wire bond

Reflective cavity

Semiconductor die

/
/
//
ﬁq\ SSEI } Leadframe
]
4 Flat spot
]

Anode [ ﬂ Cathode

7\
7

I
SN
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Operational Amplifiers

Inverting configuration: Vour = — = Vin

S S R
Non-inverting configuration: v, = [ 1+ =2 | Vi,

(if R1=infinite and R2=0 a unit gain buffer is obtained) Rl

OPA134

OPA2134

Offset Trim II E‘ Offset Trim
- Ej>iz| v
+In E EI Output
Yo E E‘ NC outA E
-InA | 2
8-Pin DIP, S0-8 A E
v 4]

]

£-Pin DIP, S0O-8

—o |/

out

-+

Rl R2
U

outA E EI outD
-nA E > 4 E‘ -nD
A E E‘ “nD

Ve E 1] v
+InB E b EI +InC
-InB E 9] -mc
outB E s | outc

14-Pin DIF
S0-14
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100 ; a8 ——y ; .
— [ e e e *
e e i e == e e
) S A e = = I
| T [ [IT] [ | |
N R
10 ==
" H
i
R BE
£ ™
E= ==
D= v
| —8—LPG
| ——CH4 ~
0.1 =5 —«—co
1 —%—alcohol
] —8—air
0. 01 [ [ ] ppm
100 1000 10000
[ 3 MG—8
o2 — — 3
=) o i
% b —+— 33%RH
2 oo -
Ro: sensor resistance at 1000ppm of o 3 —=— 85%RH
H, in the clean air. 83
Rs:sensor resistance at various 2
concentrations of gases. il
Rs Sensing Resistance 10]{51_- 60K Q ~10 0 10 =0 Temp 30 10 20
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Digital communication devices
j - BME289
The most commonly used protocols { - ,?“;tﬁ\:'\tﬁw *

for communication between intelligent I \
electronics devices inside of a circuit

are 12C e SPI

12C: developed in the late ‘70s
2 wires bus: SDA (Serial Data line)
SCL (Serial Clock line)
the devices on the bus are connected to these 2 wires

SPI: Serial Peripheral Interface
4 wires bus: MOSI (Master Out Slave In), MISO (Master In Slave Out),
SCK (Clock), SS (Slave Select, SS1, SS2, .., SSn)
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BUS |2C Master_0L Slave_0O2 Slave_0O3

OxXX ’ Ox2E

OxbLa& =LY

Ox3Yy O XX

Slave_01 Master_0O2

almreresenennn

()
SR
wwir - HowToflechatrenics- com

fritzing

http://howtomechatronics.com/tutorials/arduino/how-i2c-communication-works-and-how-to-use-it-with-arduino/
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SLAVE 1 SLAVE 2 SLAVE n
MASTER SLAVE
SCHK = SCK
MOSI £ MOSI v ® 9 v @ 9 v @ ©
p o2 o2 o2
MISO [——+——]MiISO REESH SESH SESH
55 S5 MASTER t O t O J AY
SCKpr --
e B --
Master to Slave Slave to Master Mosi -
idle next byte MISO |-+ -— - -
|>_| H H H H H H H h 581
Clock frem
Mastar S M - B B B i S S B B S SSn
01234567 0123456867
——
MOSI _J
M 1 e | ld SLAVE 1 SLAVE 2 SLAVE n
Slave-in 11001010
0x53 = ASCII 'S’
o0 n ° o ©
MISO Eﬂgw Eoﬂa Eoﬂa
Masterin h == h == hEZEW
Slave-Out MASTER t 4" t A Y J O
SCK |» S
o MOSI |» -
after la i -
§5 l:'_',rtte- 5&|E|tt MISO -«
Slave-Select or recaeived s5s

https://learn.sparkfun.com/tutorials/serial-peripheral-interface-spi
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Comparison between BUS I2C and BUS SPI
- Both are Master / Slave type. The Master always starts communication

- I°C uses 2 wires: SDA (Serial Data line) and SCL (Serial Clock line).
It's relatively slow (100-400 kHz)
There may be multiple Masters and Slaves on the line

- SPI uses 4+ wires: MOSI (Master Out Slave In), MISO (Master In Slave Out),
SCK (Clock), SS (Slave Select, SS1, SS2, .., SSn).
It's fast, it can go up to 25 MHz
One Master and multiple Slaves
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1.
in terms of number of ports in/out or the power of the
microcontroller, but they are all programmed with the

Hardware
Software
Community

Hardware, i.e. the Arduino physical boards, can vary

same language (simplified C) and through the same development environment (IDE).

2. The software loaded on the microcontroller consists of 2 parts: a firmware, which
remains resident and unchanged (similar to the computer BIOS) and performs the
basic functions, including allowing communication with the computer via USB port
and loading the software developed by the user, and the user program ("sketch").
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3. The community is Arduino's real strength. The repository of other users'

projects and the forum of the official website are good starting points not to start
from scratch. The open source philosophy of the whole Arduino ecosystem
pushes and invites the user to share in an open and free way (with various types
of licenses) his projects with the whole community. Moreover, the development
environment (the "IDE" of Arduino) already includes thousands of working
examples. O wemmm = -

AAAAAAA

Arduino & Android
Home remote control

\‘/_

The Arduino Playground

ration Welcome to the Arduino Playgroul
Arduino

contribute and benefit from their

This is the place to post and share
DIY instructions, tips and tricks, an

projects! Anyone can edit and add

Arduino Playground is a work in progres,

read the Participate section and get you

If you are looking for inspiration y¢
tutorial platform where you can p¢

and Articles. You can also commer;
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Arduino UNO connections to and from the outside world

Atmega168 Pin Mapping

Arduino function Arduino function

reset (PCINT14/RESET) PC6[] PCS (ADCS/SCLPCINTA3) analog input 5
digital pin 0 (RX) (PCINT16/RXD) PDO ] PC4 (ADC4/SDAPCINTAZ) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD10 PC3 (ADCIPCINTI) analog input 3
digital pin 2 (PCINT18/NTO) PD2): PC2 (ADC2/PCINT0) analog input 2
digital pin 3 (PWM)] (PCINT19/0C2B/INT1) PD3[] FC1 (ADC1UPCIMNTG) analog input 1
digital pin 4 (PCINT20/XCK/T0) PD4 [ PCO (ADCO/PCINTS) analog input 0
WCOC VCC[ GMND GMD
GMND GMND[] AREF analog reference
crystal (PCINT&/XTAL1/TOSC1) PBE[] AVCC WCC
crysial (PCINT7/XTAL2/TOSC2) PB7 [ FBS (SCK/PCINTS) digital pin 13
digital pin 5 (PWM) (PCINT21/OCOB/T1) PD5 ] FB4 (MISOPCINT4) digital pin 12
digital pin & (FWKM)  (PCINT22/0C0AMRING PDE ] PB3 (MOSIOC2AMPCINTS) digital pin 11(PWM)
digital pin 7 (PCINT23/aIM1) PDT ] FB2 (SSIOC1BPCINTZY  digital pin 10 (PWM)
digital pin 8 (PCINTO/CLKOACF) PBO[] FB1 {OC1APCINT) digital pin 9 (PWM)

Digital Fins 11,12 & 13 are used by the IC5P header for MOS|
MISD, SCK connactions (Atmagalss pins 17,18 & 15). Avoid low-

impedance lnads on thesa pins when using the ICSP header
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EREBe®~0nmaswmwn

@ 7-12V Depending
on current drawn

R3 only ©) -—0

ATMEGA328

[ RESET } {PCINT14}

0

[ ADC@ H pcINTs H A@

ADC1 - PCINTS H AL

ADC2 |HPCINT1RH A2

ADC3 HPCINT11H A3

[ scL  Aoca HPCINTi2{ A4

[scL H ADCS HPCINT3H{AS
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o{Fca)-{Foana }
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o7 H{ powmio A2 -{Az)
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WN SR L0
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ver 2 rev 0 - 13022013

WWW.Pighixxx.com

THE
DEFINITIVE

USB JACK

ARDUINO

Lz

PINOUT DIAGRAM

ATMEGASU2/ATMEGAI6U2 ICSP

ZISOW

Z0SIW

2R

A\ absolute max per pin 46ma
reccomended 28mA

9 Absolute max 200mA
for entire package

{pcInT13}{ ADCS | SCL
{PCINT12/H ADC4 | SODA

Ji © 73 only

ONINQYY

pcanTad)

AINe HPCINT22H PRM T 0CoA
T1  HPCINT21-0 PRM) o

T8  HPCINT20F— XCK

INT1 HPCINT1SH{PRME}- OC28B

INT@ —PCINT18|

TXD PCINTI7——+ TX ]“ n
RXD HPCINTI6— RX |
@0
— —————— ——y Power
PBSH 13} { PCINTS } {seK ) " control
Pe3H 12 (pcINTa ) {m1s0 | I Pryicas pin
(| Pin Function
| Digital Pin
Analog Related Pin
P Pin

Serial Pin

{

Y11
o3 11 M ocaa H{pcInt3 H{EIPRMIY-{ MOST ©® Scurce Total 158m
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gy

ICSP Pinout

T—ﬂ? PB2 ] rcrvra | MOST!

© 712, Depending
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Arduino, in addition to communicating with the outside world through its ports, analog and digital (possibly
connected to other devices such as displays, sensors, transducers, relays, ..), can also exchange data
with the computer through its serial port (via USB). This function is often used when debugging the
sketch, to display variable values or processing status.

. ® 3 : _
% PROJECT HUB € COM6 (Arduino/Genuino MKR1000) O X

ARDUINO [ Send

Attempting to connect to SSID: digi mobile 3
Connected to wifi

Fetched NTIP epoch time is: 1473917509

Info: IoTHubClient accepted the message for delivery
Temp=31.00, Humi=33.00

Info: Sending sensor value Temperature = 31, Humidity = 33
Info: IoTHubClient accepted the message for delivery
Temp=32.00, Humi=40.00

Info: Sending sensor value Temperature = 32, Humidity = 40
Info: IcTHubClient accepted the message for delivery
Temp=32.00, Humi=40.00

Info: Sending sensor value Temperature = 32, Humidity = 40
Info: IoTHubClient accepted the message for delivery

hLLLL L,
"

No line ending | 115200 baud v

https://create.arduino.cc/projecthub/wesee/project-kool-temperature-and-humidity-remote-monitoring-e5ddae
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Analog inputs of Arduino

Interfacing a Joystick

Arduino has some analog input pins, connected to ADC converters
(inside the microcontroller). In the case of UNO and MEGA, they
have 10 bit resolution, so they are capable of discretize an input
voltage in 1024 intervals. If a higher resolution is required, an

external ADC can be used, connected to with Arduino with a bus
12C or SPI.

[06060000J06000000 .
§itire resasa . The input voltage to the ADC

43 DRt must NEVER exceed the card's
o EE1 Arduino £ operating voltage (5V or 3.3V for
Lr ;’ ” § http/farduinoberbos.de (5= 2 \-' Some mOde|S)
5 2 = P o o) s S
50 ey (o) =" .
EE o aid . Arduino DUE, thanks to a most powerful
i1 . .
th | ’ | microcontroller, has 2 x 12 bit ADCs and
T 0 Vesw 25 sl 2 x 12 bit DACs on the board
| - Sampling Theorem

ADC RESOLUTION: - Nyquist frequency
10 bit: 5V / 1024 step = 4,88 mV

12 bit: 5V / 4096 step = 1,22 mV

- Antialiasing filters

16 bit: 5V /65536 step = 0,07 mV https://www.arduino.cc/en/Tutorial/JoyStick
24 bit: 5V / 16777216 step = 0,0003 mV

https:/fwww.arduino.cc/
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Arduino digital inputs and outputs

All Arduino models have some digital and analog inputs
and outputs. The number and type of these inputs
depends on the Arduino model. For example:

Arduino UNO
- 14 digital ports (6 PWM), configurable as IN or OUT
- 6 A/D converters with 10 bit resolution (1024 values)

Arduino Mega2560
- 54 digital ports (15 PWM), configurable as IN or OUT
- 16 A/D converters with 10 bit resolution (1024 values)

Arduino DUE

- 56 digital ports (12 PWM), configurable as IN or OUT - sampling Theorem
- 12 A/D converters with 12 bit resolution (4096 values) - Nyquist frequency
- 2 D/A converters with 12 bit resolution (4096 values) - Antialiasing filters
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Electrically, the digital input and output levels correspond to values of T e
voltage of 5V (or 3.3 V for some Arduino models) for the HIGH level
and 0 V for LOW level. There are actually tolerance ranges above A
and below to which the logical values HIGH and LOW are recognized: ] N
3,3V e V.
Acceptable Acceptable
voltage voltage Ve Vu
INPUT levels OUTPUT levels ’
for TTL for TTL AT Ve
SE 5V -1 5V AR 5
o V_=5V 45 §
HIGH “ HIGH |
il - —— 2,7V 1,5V w—pe Vo
g T g
e 0,8V = s M
LOW—[ Bl oy 2 LOW—E BE 08V —— v, 0,9V = V,,
0,5V =t V.,
TTL
OV wmdeee GND OV wmdeee GND
CMOS 3,3V ATMega328
CMOS ARDUINO (5V)

http://www.maffucci.it/2014/11/05/livelli-logici-ttl-e-cmos-cosa-si-nasconde-dietro-un-high-o-low-di-una-digitalwrite-di-arduino/
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2,7V V.

2v V,

zona di interdizione

0,8V =y

0,4V =t V_,

OV «=deee. GND
TTL 5V

TTL

3,3V w—p— V.

2,4V

2V

0,8v

e \f

zona di interdizione

——v

0,5V =—dm V_

0OV «=dee. GND
CMOS 3,3V

CMOS

4,2v

zona di interdizione

1,5V g \/

0,9V ==

nw

OV

— GND

ATMega328

ARDUINO (5V)

http://www.maffucci.it/2014/11/05/livelli-logici-ttl-e-cmos-cosa-si-nasconde-dietro-un-high-o-low-di-una-digitalwrite-di-arduino/
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Conversion of logical levels

If Arduino is connected to devices that do not use the same logical levels, a level shifting must be done,
using special components or shields created especially for this task. The conversion from 5 V to 3.3 V
could also be done with a voltage divider formed by 2 resistors, but clearly this conversion goes only in a
single direction. Note: the logic levels of communication, i.e. the digital lines, do not necessarily
correspond to the supply voltages of the device.

There are components and shields that allow bidirectional level conversion (BD-LLC):

U U
¥ Lo ¥ Lv
O O
Q1
LU1 HUL
BS5138

https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-quide
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This shield board (and similar ones) convert the levels from 5 V logic to 3.3 V logic and vice versa.

The high voltage (5 V), low voltage (3.3 V) and ground must be connected to the board. The incoming 5 V
logic levels from HVn ports are converted to 3.3 V logic levels at LVn ports, and the incoming 3.3 V logic
levels from LVn ports are converted to 5 V logic levels at HVn ports. In this example there are 4 ports
available.

High
Voltage
Input

!._l .ﬂ,'_“n@l',' x| u_']
BadeddEn
ey

N | Low
L | Voltage
S| Input
ez

O

Channel 4

Channel 1
Channel 3

https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-quide
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Example of connection between Arduino UNO (5 V logic) and a 3.3 V logic device. Communication from
serial ports (TX0 and RXO0). Note that the Arduino also has a pin in which 3.3 V are directly available (to
power any device that requires this voltage).

e e o o e o o o
e o o o e o o o

e e o o e o o o

e o o o e o o o

e o o o e o o o

e o obly el @ o o

e ofe e e o

‘oo e o o

e o e e o

e o o e e o

e o o = sle o o

e e @ o o e e o o

= e e e o o e e o o
E e e 0 o o e o o o
= e e 0 o o e o o o
: e e o o o e o o o
§ e e o o o e o o o

(~=

NI 907TVNY

https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-quide
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Example of connection between Arduino UNO (5 V logic) and a 3.3 V logic device. Communication via
SPI protocol. 4 wires are used: MOSI (master out, slave in), MISO (master in, slave out), SCLK (serial
clock) and CS (chip select).

GND This pin must be connected to ground
""""""""""""""""""""""""""""""""""""""""""""""""""" vce Supply Voltage

cs Chip Select

INT1 Interrupt 1 Qutput

INT2 Interrupt 2 Qutput

sSDO Serial Data Output (SPI 4-Wire) / 12C Address Select

SDA/Sply [Serial Data 12C / Serial Data Input (SPI 4-WIRE) / Serial Data Input and
SDIO QOutput (SPI 3-Wire)

SCL/SCLK Serial Communications Clock

| Bt
—
d\

outnpJay

(~=3Rd) vl 214

TXO» 3
Kx0 <0

P N
R EEEE T

S e a0 00 e s e e

S8 8 0 0 08000
.....l....."ll

e s e e e e elainlls

S 8 0 0 80 e e erraq
P S R R N )
P N N S T
28 80 80 e e ae

-] o
https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-quide f{ 1 t rAlgle
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Example of connection between Arduino UNO (5 V logic) and a 3.3 V logic device. Communication via I2C
protocol. In this case the data passing through the 2 wires required by the protocol (SDA and SCL) are
bidirectional, supported by the conversion module.

. —
—

™
“
™

L B
LR
. .
. 0l
D%
L .
v- r
- 5w
. e 3 o
-
L L I L L u
(=]
e & 8 8 e & 8 8 =
L I L B R R
*® * " 00 L L L B
L L L L L B
=
‘
5 L L B R R L L
I8
~ * & 8 a0 L L L
-
e« s 80 L L L
-
o e & 8 8 L L L
x
: L N I L L N R
L I L L L L

Made with [[J Fritzing.org
https://learn.sparkfun.com/tutorials/bi-directional-logic-level-converter-hookup-quide
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PWM

Pulse Width Modulation, or PWM, is a technique for getting analog results with digital means. Digital control is used to
Create a square wave, a signal switched between on and off. This on-off pattern can simulate voltages in between full on
(5 Volts) and off (O Volts) by changing the portion of the time the signal spends on versus the time that the signal
spends off. The duration of "on time" is called the pulse width. To get varying analog values, you change, or modulate,

that pulse width. If you repeat this on-off pattern fast enough with an LED for example, the result is as if the signal is a

steady voltage between O and 5v controlling the brightness of the LED. Pulse Width Modulation
0% Duty Cycle - analogWrite(0)
Sv
_ _ ) Ov
In the graphic the green lines represent a regular time 25% Duty Cycle - analogWrite(64)
5v
period. This duration or period is the inverse of the PWM frequency. _l -l -l -l -l
Ov
In other words, with Arduino’s PWM frequency at about 500Hz, the . 50% Duty Cycle - analogWrite(127)
v
green lines would measure 2 milliseconds each. A call to ov
analog\Write() is on a scale of O - 255, such that analogWrite(255) . 75% Duty Cycle - analogWrite(191)
requests a 100% duty cycle (always on), and analogWrite(127) is a ov |_ I_ L I_ |_.
. le - ! i
50% duty cycle (on half the time) for example. . 2O Duty Cyele - analogwiites?

Ov ‘
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Sampling Theorem, Nyquist frequency, Antialiasing filters
FREQUENCY ANALYSIS Signal that changes over time, for
s A & example temperature measurement
P LT
Time
p F y Lp A Frequency
e LA
TIME |FREQUENCY
pf P
Anvnvnu_ >
v Time ”“

Frequency

Impulsive
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Through a mathematical operation, the Fourier Transform, it is possible to analyze a signal, for
example a sound or the time-varying temperature measurement from a sensor, by analyzing
the spectral content (frequency domain) of the signal (time domain).The Fourier theory states
that a time-varying signal can be represented by the sum of infinite sinusoids, with frequencies
varying from zero to infinity, each with a given amplitude and phase. The amplitudes and
phases of these sinusoids determine the waveform and spectrum of the signal. The spectral
components of a given signal, each associated with a specific frequency, can be calculated,
obtaining complex numbers (modulus and phase or real and imaginary part). In practice, not
being possible to analyze all frequencies from zero to infinity, the analysis is limited to a
restricted portion of frequencies. Fast calculation algorithms for Fourier transform exist: FFT =
Fast Fourier Transform.

e}

_ B _iontt (Direct) Fourier Transform
Time ) X(1)=FIx®)]= I X(®e " dt Time E—) Frequency

B —0o0
domain

I[ e’ = cos(at) + jsen(at) ]

Inverse Fourier Transform
Frequency E—) Time

Frequency _ gl :°° s ioet
domain X(t) = F7IX ()] _LX(f)e df

Baron Fourier.
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Similar considerations can be made on sampled signals, discrete in time and amplitude (DFT,
Discrete Fourier Transform). The integrals of the previous formulas become summations and
the continuous signals become discretized. This means that with digital devices a signal
(temporal sequence of data) can be sampled and analysed in the frequency domain (spectral
analysis). The sampled signal can be represented as a sum of sinusoids (harmonics), each
with a frequency multiple of a frequency called fundamental. Each harmonic has a certain
amplitude and phase characteristic.

Tlrre(:l

i

L]
Frequency (kHz)

. . . . . .
0
9 95 10 105 1 115 0 g00 1000 1800 000 25000 3000 3500 4000
3ec0nds hertz
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Approximation of a signal via Fourier Series
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Signal and its frequency spectrum
9 quency sp Example: sound wave
c = speed of sound in air |:>

. ol |

Wavelength A [m]

20 10 5 2 1 0.2 0.1 0.05
L vl el v |
| T T [ TTTT] T T [ TTTT] T T[T
10 20 50 100 200 500 1k 2k 5k 10 k

Frequency f[Hz]

Image Courtesy of Briiel & Kj=sr
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Signal and its frequency spectrum
? ; Y P Example: sound wave
A
ANV "
\/ I Amplitude

<— A — .
pt L, ¢ fy Frequency
/aNIANIYANI WA WA
\VAIVER VAR VAR VAR v aul |
A, =|1/3 A4 | 1 Amplltude
f, =(3f

04 /\ ! /\/\ L, 4 f, Frequency
>
\/\/ \/\/ Time I
>

f1 2 Frequency

age Courkesy of Briel & Kjser
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T|me domain and Frequency domain

A variable electrical signal (voltage) at the input of an ADC (Analog to Digital Converter),
coming for example from a sensor that measures a thermodynamic variable such as
temperature or pressure, analyzed for a certain interval of time, has a spectrum that can have
a more or less extended frequency bandwidth, which essentially depends on how fast this
signal changes over time and on the type of variation.
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T = Sampling interval (s)
f
f =~ Nyquist frequency (Hz)
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The Nyquist-Shannon Theorem states that to sample a signal at the sampling frequency f,
the signal must have a spectrum with maximum frequency f,, lower than the Nyquist
frequency fy (half of the sampling frequency). Otherwise, the part of the signal spectrum

higher than the Nyquist frequency will "fall* into the sampled spectrum, creating artifacts in the
measured values, the so called aliasing.

If a signal is sampled at a certain sampling frequency, the measurement will have a bandwidth
up to the Nyquist frequency, not beyond this limit.
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Nyquist—Shannon sampling theorem example
R
frequency 1:sampling =8 kHz
¢ 1500 —
f[Hz] fNyquist =4 kHz
1500 | . : .
sampling rate m m fsignal = 1500 HZ
fs | BkHz | 16kHz | 48kHz ' -

fNyquist =4 kHz

feignal < T

signa Nyquist

The spectrum is symmetrical
on negative frequencies.
We can ignore this for normal
signals measured with an ADC.

—
"

4 OK!

S NNN 0N nonn
5000 10 000

Spectrum: 0 — fyquist (HZ)
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Nyquist—Shannon sampling theorem example
frequency fsamp”ng = 8 kHZ
fiHz] AN sin(2 77f 1) fNyquist =4 kHz
5000 ]
sampling rate /\ /\ /\ f\ m fS|gnaI = 5000 HZ
fs | 8KkHz | 16KkHz | 48kHz W \/y \/ \/ \/
0.0000 00002 00004 00006  0.0008  0.0010
t(s)
) s = 4 32 feinnal = Fnvaui
signal Nyquist

r————————n

0 S 000 10000

https://demonstrations.wolfram.com/SamplingTheorem/

Apparent (wrong)
frequency sampled:
3000 Hz
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Nyquist—Shannon sampling theorem example
frequency fsamp”ng = 16 kHZ
iz sin(2 rif t) fNyquist — 8 kHZ
5000 . . . . : ;
sampling rate m A\ A‘\ /\ /7\ fsignal = 5000 HZ
0.0000 00002  0.0004  0.0006
t(s)
. fNyquist =8 kHz fsignal < fNquiSt

e = - ————-— ()

o

f (Hz)

https://demonstrations.wolfram.com/SamplingTheorem/

5000
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Nyquist—Shannon sampling theorem example

frequency fsamp”ng = 48 kHZ

£ [Hz] 5000 fNyquist = 24 kHz
5000 =il

sampling rate m m m m k - fsigna| — 5000 HZ
fs | BkHz 16kHz?;.3;.H:i u W W W my W

n n nNnN° 0.0004 0.0006 n nnn 0.0010
v U.Uuuvds U. Uy Uv.uUuvy J.UuyJ Jv.Uu

fayquist = 24 kHz

i f

:

OK
I

signal <f

Nyquist

b -

0 20 000 40 000

f (Hz)

https://demonstrations.wolfram.com/SamplingTheorem/
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Nyquist—Shannon sampling theorem example
frequency fsamp”ng = 8 kHZ
fikz] 2 sin(2 7if ) 1:Nyquist =4 kHz
3500 - || ¥ . : ; . : :
sampling rate /\ ﬂ\ /\ /\ fsignal = 3500 HZ
fs | BkHz | 16kHz | 48kHz ) ' \/ W i
00000 00002  0.0004 0.0006 00008  0.0010
t(s
. fNwaist =4 kHz fsignal < fNquiSt

-,
"

T ye———

A‘A

OK

J

- Ann A Nnn
> U00 10000

o

f (Hz)

https://demonstrations.wolfram.com/SamplingTheorem/
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Nyquist—Shannon sampling theorem example
frequency 1:sampling = 8 kHz
f[Hz) 4500 ik fNyquist =4 kHz
4500 o=|]
== AﬂmmA = 5001
fs | 8 kHz . 16kHz | 48 KkHz v W \/ v
0. CCC 0.0002 0.0004 0. 2538 \; 0010
t{s
fayquist = 4 kHz
3(f) 1:signal > fNyquist
fs
|
AA ALIASING!
| |
I
m
| Apparent (wrong)
0 5000 10 000

https://demonstrations.wolfram.com/SamplingTheorem/

frequency sampled:
3500 Hz
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Arduino is a “SLOW?” device and, with normal programming, its ADCs can reach
sampling frequencies around 9 kHz at most, so, in order to avoid aliasing, the
sampled signals can have a bandwidth up to 4.5 kHz

Other microcontrollers, such as Teensy, are much faster than the Arduino and
can reach higher sample rates (48 kHz and above)

If the data that Arduino is sampling varies very slowly or is stationary, there are
no problems regarding sampling rate and aliasing

If the signal in input to the ADC has a bandwidth greater than the Nyquist
frequency, to avoid aliasing the input signal bandwidth must be reduced by
means of a low-pass filter, with cutoff frequency equal or lower than the
Nyquist frequency
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Finestra Blackman | 65536 bins | [ ScalaLog - Finestra Blackman | 65536 bins | | 5cala Log -
Hz

-
Cutoff
frequency

Low pass filtered signal

LOW PASS FILTERNG
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Low-pass filtering

)

s R
N

Low-pass

Signal o—MWAN——- 5| filtered

) Signal

Temperature sensor
(Thermocouple)

Example of low pass filter

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




) MEASUREMENTS WITH ARDUINO

| Arduino's programming language and its development environment page 62

The Integrated Development Environment (IDE) of Arduino

Arduino connects to the computer via USB. The IDE (Integrated development environment)
is a simple text editor that allows to edit the user’s source code, verify, compile and load it
on the Arduino board. The IDE is cross-platform, it is available for Windows, OSX and Linux.

Download the Arduino IDE

Windows installer
Windows zIP file for non admin install

ARDUINO 1.8.2 Windows app| Get 22

Mac OS X107 Lion or newer

©.0)

Linux 32 bits
Linux 64 bits

ing Started page for Installation

Checksums (sha512)

After installing the IDE, including its drivers, and connecting the Arduino board to the USB
port of the- computer, it will be recognized as a serial port.

..M Mouse e altri dispositivi di puntamento
473 Porte (COM e LPT)
LT Arduine Unc (COM21)

‘? Collegamento standard seriale su Bluetooth (COM13)
: "-? Ceollegamento standard seriale su Bluetooth (COML5)
» T3 Processori
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Now, in the IDE it is necessary to select the type of card in use and its (virtual) serial port. This operation
must be performed only the first time the Arduino card is connected to the computer.

sketch_may18a | Arduins 1.6.1 SRR X sketch_may18a | Arduing 1.6.1 =RRE X
File Modifica Sketch |Strumenti| Aiuto File Modifica Sketch [Strumenti| Aiuto
Formattazione automatica Ctrl+T E Formattazione automatica  Ctrl+T E
Archivia sketch... Archivia sketch...
skelch_may1ga Correggi codifica e ricarica n Correggi codifica e ricarica :
vold setup () { Meniteor seriale Ctrl+Maiusc+M i Monitor seriale Ctrl+Maiusc+M i
/4 put your set
Scheda ) Schede Arduine AVR Scheda 4
! Porta ' Arduino Yin J Paorta ' Serial ports
woid @ | Arduino U woid Com13
11 Loopi) { ) Programmatore ) catCoS 11 Loop () { ) Programmatore )
/4 put your mai o Arduine Duemilanove or Diecimila /4 put your mai L COMLS
Scrivi il bootloader Scrivi il bootloader
) Arduing Nano ) v COMZL (Arduino Una)

Arduino Mega or Mega 2560
Arduing Mega ADK
Arduing Lecnarde

Arduino Micro

Arduino Esplora

Arduino Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arcluing USE

LilyPad Arcluing
Arduing Pro or Pro Mini
Arduino NG or older
Arduino Robot Control

Arduine U Arduino Robot Motor Arduino Una on G

Schede Arduino ARM (32-bits)

Arduino Due (Programming Peoit) R EA DY TO G O I I
Arduino Due (Mative USE Port) e
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The Arduino programming language

r sketch_may18a | Arduing 1.6,

All user programs loadable File Modifica Sketch Strumenti Aiuto
on Arduino are formed by at least
two parts (plus any others sketch_mayl 5a
user-defined functions). l‘ iz‘;_“iiju{mup e here b e onee i
The "mandatory" parts are called: I
vold loopi) |

Setup() and IOOp() A/ put your main code here, to run repeatedly: >
}
- The setup() function executes the :

code enclosed in brackets { } only once,
when starting or resetting the Arduino board. Here the initialization code of the program or
of the peripherals connected to the board must be placed.

- The loop() function executes in infinite loop the part of the code enclosed in brackets { }.
Here the main code of the program must be placed.

- Other functions, created by the user, can be optionally written and called, if required.
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The “C” programming language syntax implemented in Arduino

The programming language reference guide is available on the official website
https://www.arduino.cc/en/Reference/HomePage

All Arduino programs include:

- Structures
- Values (memorized inside variables and constants)
- Functions

The basic structure of the program consists of the two functions Setup and Loop, but within
these there may be other control structures such as if... else or do... while or for.

The C syntax requires that the curly brackets { } delimit the portion of code executed by the
various control structures.
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Control Struct

- if..else

- for

- switch case
- while

- do.. while
- break

- continue

- return

- goto

https:/fwww.arduino.cc/

[E5

i

Further Syntax

: (semicolon)

{} (curly braces)

// (single line comment)
/* */ (multi-line comment)
#tdefine

#include

Bitwise Operators

& (bitwise and)

| (bitwise or)

* (bitwise xor)

- (bitwise not)
<< (bitshift left)
>> (bitshift right)

Arithmetic Operators

- = (assignment operator)
-+ (addition)

- - (subtraction)

- *{multiplication)

-/ (division)

- % (modulo)

Boolean Operators

&& (and)

Il {or)
I (not)

Pointer Access Operators
- *dereference operator

- & reference operator

Comparison Operators

== (equal to)

I= (not equal to)

< (less than)

> (greater than)

<= (less than or equal to)

>= (greater than or equal to)

Compound Operators

++ (increment)

-- (decrement)

+= (compound addition)

-= (compound subtraction)
*= (compound multiplication)
/= (compound division)

%= (compound modulo)

&= (compound bitwise and)

|= {(compound bitwise or)
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Data Types

void

boolean

char
unsigned char
byte

int

unsigned int
word

long
unsigned long
short

float

double

string - char array

string - object

array

https:/fwww.arduino.cc/

Constants

HIGH | LOW

INPUT | OUTPUT I INPUT_PULLUP

LED_BUILTIN

true | false

Variable Scope & Qualifiers

variable scope

static
- volatile

- const

integer constants

floating point constants

_onversion

char()
byte()
int()
word()
long()
float()

Utilities

o

- sizeof()

- PROGMEM
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Digital 1/0 Random Numbers Advanced I/O Math Characters External Interrupts
- pinMode() - randomSeed() - tone() - min() - isAlphaNumeric() - attachinterrupt()
- digitalWrite() - random() - noTone() - max() - isAlpha() - detachinterrupt()
- digitalRead() - shiftOutQ - abs() - IsAscii() I
Bits and Bytes i _ _ Interrupts
- shiftin{) - constrain() - isWhitespace()
Analog 1/0 - wBy - interrupts()
Analog /¢ lowByteQ - pulseinQ - map() - IsControl() - nolnterrupts()
- analogReference() - highByte() ~ pow() - isDigit() g
_ - bitRead e . -
analogRead() itRead() - sqrt() - isGraph() Communication
i rita() - - bitWrite - millis()
analogWrite() - PWM Vrite() . - isLowerCase() - Serial
- bitSet() - micros() Trigonometry o
)ue & Zero only - - isPrintable() - Stream
Due & Zero only - bitClear() - delay() )
_ - sin() - isPunct()
- analogReadResolution() -  bit() - delayMicroseconds() USB (32u4 based boards and
N _ - cos() - isSpace() Due/Zero onlv)
- analogWriteResolution() tan() T e
- isUpperCase() _ Keyboard
- isHexadecimalDigit() _ Mouse
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if/else allows greater control over the flow of code than the basic if statement, by allowing multiple tests to be grouped

together. For example, an analog input could be tested and one action taken if the input was less than 500, and another

action taken if the input was 500 or greater. The code would look like this:

if (pinFivelnput < 500)
{

I

J/ action A

}

else

{

I

// action B

else can proceed another if test, so that multiple, mutually exclusive tests can be run at the same time.

https:/fwww.arduino.cc/
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Example

/f Dim an LED using a PWM pin
- . - ] - = . I f - - MLt - -
The for statement is used to repeat a block of statements enclosed in curly braces. An ~ *® PWMpan = 107 // LED an series with 470 ohm xesistox on pin 10

increment counter is usually used to increment and terminate the loop. The for ;’Did setup()
statement is useful for any repetitive operation, and is often used in combination with : gy e SEENp MEEIEE

arrays to operate on collections of data/pins.
void loop()

There are three parts to the for loop header: {
for (int i=@; i <= 255; i++){
T . ) S \ analogWrite(PWMpin, 1);
for (initialization ; condition ; increment) { delay(10)
}
//statement(s); } !
parenthesis for(int x = 2; x < 100; x = x * 1.5){
println(x);
declare variable (optional) }
initialize  test '%‘ggﬂ;‘;‘:‘e‘n?r Generates- 2.34,6,91319,28 42 63 94
Sordink 5 l_ 0: = < 100; x++){ Another example, fade an LED up and down with one for loop:

println(x):; // prints 0 toc 99 void loop()

} {
int x = 1;
The initialization happens first and exactly once. Each time through the loop, the for (int i =0; i > -1; i =1 + x){
analogWrite(PWMpin, 1i);
condition is tested; if it's true, the statement block, and the increment is executed, if (i == 255) x = -1; // switch direction at peak
delay(1@);
then the condition is tested again. When the condition becomes false, the loop ends. }

https:/fwww.arduino.cc/
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switch / case statements

Like if statements, switch...case controls the flow of programs by allowing programmers to specify different code that
should be executed in various conditions. In particular, a switch statement compares the value of a variable to the

values specified in case statements. When a case statement is found whose value matches that of the variable, the code

in that case statement is run.

The break keyword exits the switch statement, and is typically used at the end of each case. Without a break statement,

the switch statement will continue executing the following expressions ("falling-through™) until a break, or the end of

the switch statement is reached.

Example

switch (vax) {

case 1:
//do something when var eguals 1
break:

case
//do something when var egquals 2
break:

default:

- £ e T e e fy . - . e e
f 1f nothing eise matches, do the default

[+a

f default is optional

break ;
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Description

while loops will loop continuously, and infinitely, until the expression inside the parenthesis, () becomes false. Something
must change the tested variable, or the while loop will never exit. This could be in your code, such as an incremented

variable, or an external condition, such as testing a sensor.

C ,I'. - -
i Expression true: statement(s) is executed

while(expression){
- SEETELENE S Expression false: statement(s) is not executed and

instructions subsequent to the while block are executed

Parameters

expression - a (boolean) C statement that evaluates to true or false
Example

var = @;
while(var < 20@){
;g

o enmathTan ranati e AR e e
o something repetitive 208 times

var+=;
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The do loop works in the same manner as the while loop, with the exception that the condition is tested at the end of

the loop, so the do loop will a/lwaysrun at least once.

// statement block
} while (test condition);

delay (50 ; // wait for sensors to stabilize
X = readSensors(): J// check the sensors

} while (x < 100):
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break is used to exit from a do, for, or while loop, bypassing the normal loop condition. It is also used to exit from a

switch statement.

Fxample

for (x = @; x < 255; X ++)

{

analogWrite(PWMpin, x);

sens = analogRead({sensoxPin);

if (sens » threshold)] S bail
X = 0;
break ;

}

delay(50);

https:/fwww.arduino.cc/
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continue

The continue statement skips the rest of the current iteration of a loop (do, for, or while). It continues by checking the

conditional expression of the loop, and proceeding with any subsequent iterations.

Example

(x = @; x < 255; x ++)

if (x > 40 && x < 120}/
continue;

}

analogWrite(PWMpin, x);
delay(50);

2fPwowew . arduino.cof

2 MEASUREMENTS WITH ARDUINO

Arduino's programming language and its development environment
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I’eturﬂ Examples
A function to compare a sensor input to a threshold
Terminate a function and return a value from a function to the calling function, if desired.

int checkSensox(){

Syntax: if (analogRead(@) > 400) {
return 1;
return; else|
return @;
1

return value; // both forms are valid

Parameters

value: any variable or constant type

The return keyword is handy to test a section of code without having to "comment out” large sections of possibly buggy

code.

void loop(){
J/ brilliant code i1idea to test here
return:

//{ the Test of a dysfunctional sketch herxe
f/ this code will never be executed

} goto: better not to use it...
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Variable Scope e

int gPWMval; // any function will see this wariable

Variables in the C programming language, which Arduino uses, have a ‘EDi“ setup()
property called scope. This is in contrast to early versions of languages }

such as BASIC where every variable is a gfoba/variable. _
vold loop()

{
int 1; f// "1" 1s only "wisible" inside of "loop"
A global variable is one that can be seen by every functionin a float £; // "f" is only "visible" inside of "loop"

[ r
L

program. Local variables are only visible to the function in which they
for (int j = @; j <100@; j++){

are declared. In the Arduino environment, any variable declared // variable j can only be accessed inside the for-loop brackets
]

outside of a function (e g setup(), loop(), etc_), is a global variable.

When programs start to get larger and more complex, local variables
are a useful way to insure that only one function has access to its own
variables. This prevents programming errors when one function

inadvertently modifies variables used by another function.

It is also sometimes handy to declare and initialize a variable inside a
forloop. This creates a variable that can only be accessed from inside

the for-loop brackets.
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pinMode()

Description

Configures the specified pin to behave either as an input or an output. See the

description of digital pins for details on the functionality of the pins.

As of Arduino 1.0, it is possible to enable the internal pullup resistors with the mode

INPUT_PULLUP. Additionally, the INPUT mode explicitly disables the internal pullups.

Syntax Atmega168 Pin Mapping
Arduineo function Arduino function
) ) reset (PCINT14/RESET) PC6C]1 “— 28] PC5 (ADCS/SCLIPGINT13) analog input 5
pinMode(pin, mode) digital pin 0 (RX) (PCINT16/RXD) PDOC]e 271 PC4 (ADCA/SDAPCINT12)  analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1]3 260 1 PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/INTQ) PD2[}+ 2511 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3[]s 24071 PC1 (ADC1/PCINTS) analog input 1
P arameters digital pin 4 (PCINT20/XCK/TO) PD4[]s 23] PCO (ADCO/PCINTS) analog input 0
VCe veer)r 2] GND GND
- - - GND GND s 217] AREF analog reference
pin: the number of the pin whose mode you wish to set p— PenTexTALITGECy stk slavee oo
crystal (PCINTZ/XTAL2/TOSC2) PB7 []10 191 PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM)  (PCINT21/0COBIT1) PD5 ] 18] PB4 (MISO/PCINT4) digital pin 12
o ) digital pin 6 (PWM)  (PCINT22/0C0A/AING) PDB ]2 1711 PB3 (MOSI/OC2A/PCINTA) digital pin 11(PWM)
mode: INPUT, OUTPUT, or INPUT_PULLUP. (see the digital pins page for a more g pin7 (POINT23/AINT) PO7C]is 16} PB2 (SSIOGTBIPGINT2)  cigial pin 10 (PWM)
digital pin 8 (PCINTO/CLKOACP1) PBO]1+ 5] PB1 (OC1A/PCINT1) digital pin 9 (PWM)

complete description of the functionality.)

Digital Pins 11,12 & 13 are used by the ICSP header for MOSI
MISD, SCK connections (Atmegal58 pins 17,18 & 15). Avald low-
impedance loars on thesa pins when using the ICSP header

Returns

MNone
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digitalWrite()

Description

Write a HIGH or a LOW value to a digital pin.

If the pin has been configured as an OUTPUT with pinMode(), its voltage will be set to the corresponding value: 5V (or

3.3V on 3.3V boards) for HIGH, OV (ground) for LOW.

If the pin is configured as an INPUT, digitalWrite() will enable (HIGH) or disable (LOW) the internal pullup on the input
pin. It is recommended to set the pinMode() to INPUT_PULLUP to enable the internal pull-up resistor. See the digital

pins tutorial for more information.

NOTE: If you do not set the pinMode() to OUTPUT, and connect an LED to a pin, when calling digitalWrite(HICH), the
LED may appear dim. Without explicitly setting pinMode(), digitalWrite() will have enabled the internal pull-up resistor,

which acts like a large current-limiting resistor.
Syntax Parameters Returns

digitalWrite(pin, value) pin: the pin number none

value: HIGH or LOW
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d|g|ta|Read()

Lescription

Reads the value from a specified digital pin, either HIGH or LOW.

.:" , 1-.‘[

digitalRead(pin)

Parameters

pin: the number of the digital pin you want to read (/nt)

Note: To prevent that an input pin

] to which nothing is connected (e.g.
HicHortow an open switch) remain in an unknown
or uncertain state, a “pull-up” or
“pull-down” resistor must be used

(this function is also available via
software, see pinMode INPUT_PULLUP)

REeturns

hitps://www.arduino.cc/ ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA




MEASUREMENTS WITH ARDUINO

Arduino's programming language and its development environment page 81

analogWrite()

Description Syntax

Writes an analog value (PWM wave) to a pin. Can be used to light a LED at varying brightnesses or analogWrite(pin, value)

drive a motor at various speeds. After a call to analogWrite(), the pin will generate a steady square

wave of the specified duty cycle until the next call to analogWrite() (or a call to digitalRead() or Parameters

digitalWrite() on the same pin). The frequency of the PWM signal on most pins is approximately . . _
pin: the pin to write to.

490 Hz. On the Uno and similar boards, pins 5 and 6 have a frequency of approximately 980 Hz.

Pins 3 and 11 on the Leonardo also run at 980 Hz.
value: the duty cycle: between O

On most Arduino boards (those with the ATmegal68 or ATmega328), this function works on pins (always off) and 255 (always on).

3,5,6,9,10, and 1. On the Arduino Mega, it works on pins 2 - 13 and 44 - 46. Older Arduino boards
with an ATmega8 only support analogWrite() on pins 9,10, and T1. Returns

nothing
The Arduino Due supports analogWrite() on pins 2 through 13, plus pins DACO and DACI. Unlike

the PWM pins, DACO and DACT are Digital to Analog converters, and act as true analog outputs.
You do not need to call pinMode() to set the pin as an output before calling analogWrite().

The analogiWrite function has nothing to do with the analog pins or the analogRead function.
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analogRead()

Description

Reads the value from the specified analog pin. The Arduino board contains a 6 channel (8 channels on the Mini and
Nano, 16 on the Mega), 10-bit analog to digital converter. This means that it will map input voltages between O and 5
volts into integer values between 0 and 1023. This yields a resolution between readings of: 5 volts / 1024 units or, .0049

volts (4.9 mV) per unit. The input range and resolution can be changed using analogReference().

It takes about 100 microseconds (0.0001 s) to read an analog input, so the maximum reading rate is about 10,000 times

a second.

Syntax

analogRead(pin) Note

Parameters If the analog input pin is not connected to
pin: the number of the analog input pin to anything, the value returned by analogRead()
read from (O to 5 on most boards, 0 to 7 on will fluctuate based on a number of factors
the Mini and Mano, O to 15 on the Mega) (e.g. the values of the other analog inputs,

. how close your hand is to the board, etc ).
Returns

int (0 t01023)
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#include

#include is used to include outside libraries in your sketch. This gives the programmer access to a large group of

standard C libraries (groups of pre-made functions), and also libraries written especially for Arduino.
The main reference page for AVR C libraries (AVR is a reference to the Atmel chips on which the Arduino is based) is here.

Note that #include, similar to #define, has no semicolon terminator, and the compiler will yield cryptic error messages if

you add one.

Example
This example includes a library that is used to put data into the program space flash instead of ram. This saves the ram

space for dynamic memory needs and makes large lookup tables more practical.

#include <avr/pgmspace.h>

prog_uintl6_t myConstants[] PROCMEM = {0, 21140, 702 , 9128, @, 25764, 8456,
0,0,0,0,0,0,0,0,29810,8968,29762,29762,4500} :
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Reading the value of a potentiometer

- Potentiometer between mass and 5V
AnalogReadSerial - Central pin potentiometer to input pin AO
- Central pin potentiometer to oscilloscope

AnalogReadierial Comments on multiple lines
Beadsz an analog input on pin U, prints the result to the zerial monitor.
Attach the center pin of a potentiometer to pin A0, and the outzide ping to +5V and ground.

This example code is in the public domain.

' L - - — - - - - T W d
/ COM21 (Arduina Uno) o 50
/ the setup routine runs once when ¥ou press reset:

g vold setup () | %;.1 i
E / initialize serial -:'-'\nuuul.ui_mlci n at ’-i'-.'l-.'l Rits per second: 791
T Serial.begin(9600) ; nitialize serial monitor 791
U } communication 741
P 79
791
/ the loop routine runs over and over again forever: Single Iinéféomments

] void loop () {
/ read the input on analog pin O:

791

Initializes the sensorValie variable and assigns it the value read from pin A0

L int sensorValue = analogFPeacd(A0) . 757
8 4/ print out the value you read: AnalogRead is a funcipg to read an analog value
p| “erial.println(sensorvalue); Prints the value of the variable t¢-the serial monitor

delawil): S delay in between reads Lor stabllity 3l

} 791 =
—I -4 | 1 3
Scorrimento automatico :Nessun fine riga - :QGDD baud
[ -

htt 51';";" " d i Ko H = A
I _Ol_WS_Ana|OgReadSe”a| ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Arduinol
ava sv Vin
Power
— RST D13 e
— AREF 012 fr
Arduino o1 =
Do ==
Do P
g D8 fr—
3
% oy —
£ ps =L
=
G )
AD 2 D5
— A1 D4 fo
=
e pa peoi
]
— A3 T 02—
=
N B = o b
— 05 Do ik
GND
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From the value of a potentiometer to the PWM output - Changing the brightness of an LED

Analog input, analog output, serial output

Feads an analog input pin, maps the result to a range from 0 to IZ55

and uses the result to set the pulsewidth wmodulation (PVMjof an-output pin
also prints the results to the s\Nritesithe:PWM value to the output pin:
sets the pulse width

The circuit:

otentiometer connected to analog pin 0.
Center pin of the potentiometer goess to the analog pin.
gide pins of the pot o 45V and ground

entiometer g

* LED connected from digital pin 9 to ground
\t > tab
zoo8
mocdified 9 Apr Z0OLZ
by Tom Igoe

created 29 Dec.

This example code is in the public domain.

/4 These constants won't change.
f/ to the pins used:

const int analogInPin = A0; // Analog input pin that the potentiometer 1s attachec
const int analoglutPin = 9; /) & rutput pin that the LED is attached to

They're used to give names

int sensorValue = 0;
int ocutputValue = 0;

/¢ walue read from the pot
/4 walue output to the PUM (analog out)

void setupi) {
// initialize serial communications at 900 bps:
Serial.begin (9600} ;

}

https:/fwww.arduino.cc/

vold loop() {
'/ read the analog in value:

sensorValue = analogFReadianalogInPin): Re-maps

/ map it to the range of the analog out: values from
ocutputValue = map(sensorValue, 0, 1023, 0, Z55); 0..1023 to
{ change the analog out wvalue: 0..255

analogWrite (analoglutPin, outputValue) ;

S/ print the results to the serial monitor:
Serial.print("sensor = " ); print and stay in line
Serial.printisensorValue) ;

Serial.print("™.t output = ");

Serial.printlnioutputValue); print and «new line»

-

'/ walt 2 milliseconds before the next loop

4 for the analog-to-digital conwverter to settle
/ after the last reading:

delavi(2);

COMZ1 [Arduine Una)

e == THTETT e
senscr = 470 cutput = 117
sen3cr = 449 cutput = 1lé
zen3or = 449 cutput = 11é
senscr = 470 cutput = 117
sensor = 470 ocutput

- Potentiometer between mass and 5V

- Central pin potentiometer to input pin AO
- Output pin 9 to a LED (with 1K resistor)

- Central pin potentiometer to oscilloscope
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Continuously variable PWM output

_03_Fade

Fade

Thizs exanple shows how to fade an LED on pin 8
uzing the analogWritei) function.

Increase or decrease brightness (PWM)
Thizs exanple code iz in the public domain.

int led = 9; S/ the pin that the LED is attached to
- S how bright the LED iz
5; S/ how many points to fade the LED by

int brightness
int fadeimount

'/ the setup routine runs once when ¥ou Press reset:
vold setup() |

J¢ declare pin 9 to bhe an output:

PpinMode (led, OUTPUT) :

'/ the loop routine runs over and over again forever:
volid loop() |

'/ set the brightness of pin S9:

analogWrite(led, brightness):

/ change the brightness for next time through the loop:
brightness = brightness + fadelimount;

f reverse the direction of the fading at the ends of the
if (brightness == || brightness == I55) |
fadeinount = -fadedmount ;
}

// wait for 30 milliseconds to see the dimming effect
delav|30); Change the brightness
} (PWM) to positive or
negative

- Output pin 9 to a LED (with 1K resistor)
- Output pin 9 to oscilloscope

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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From the PWM signal to a continue voltage. «Poor man DAC»

In Arduino (except for the DUE model) there are no DACs on board, but only ADC inputs. Using the PWM
outputs, however, it is possible to obtain a DC voltage. The frequency of the Arduino PWM modulator is of
about 490 Hz, but it can be modified via some internal registers. Assuming, however, to leave the frequency at
490 Hz, a low-pass filter placed on the output pin allows to obtain a DC voltage, to be used for various uses,
making up for the lack of a real DAC (we will use them soon), but with some limitations. A low pass filter of the
first order is used, built in the simplest way, namely with a resistor and a capacitor, placed at the output of a pin
with signal PWM. Arduino allows to vary the pulse width with a resolution of 8 bits (256 values), from 0% to
100%, i.e. 256 possible pulse widths are possible. A simulation of the effect of low pass filtering, to understand

the limits of this solution, is available on this page : bulse Width Modulation
http://sim.okawa-denshi.jp/en/PWMtool.php y 0% Duty Cycle - analogWrite(0)
Ov
R 25% Duty Cycle - analogWrite(64)
5v
o—MA—1——0 o I I
" i 50% Duty Cycle - analogWrite(127)
Sv
Vi E— vV ov
11 C T— ':'th 75% Duty Cycle - analogWrite(191)
5v
« U U U0 U L
100% D Cycle - logWrite(255)
G & C} y uty Cycle - analogWrite
Ov
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OKAWA Electric Design - Cutoff frequency about 100 Hz
Top > Tools = Filters » RC Low-pass Filter Desion for PWM > Result .
- Fast to reach maximum
I RC Low-pass Filter Design for PWM - Result -
average value

Calculated peak-to-peak ripple voltage and settling time at a given PWM frequency and cut-off frequency or values of R and C.

RC Filfer e - Very high ripple on output

Duty Step 0%— 50 [%]
R PWM signal voltage:
M vi.=[o V] V=[5 /
m — C —Vout(s) r V1 Vi v
PWM signal I R and C values of filter | Cut-off frequency
Transfer Function: . Cut-off ﬁ"_equmCy fe= [Fiz]
666.66666666667 ® R and C values
G ———— R=15000 [0 C=01u F
5+666.66666666667 StepResponse
pipico, n:nano, umicro, kikilo, Mimega ~ WOUECEITY]
Cut-off frequency 4

fo =106.1032953946[Hz]

s Calculate

b1 Vi a8 o s i « it ; A A A AR A

)
ENUAARRAARRIARE

]
tIs]
http://sim.okawa-denshi.jp/en/PWMtool.php
https://en.wikipedia.org/wiki/Low-pass_filter

tclokawa-denshi.jp

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA


http://sim.okawa-denshi.jp/en/PWMtool.php
https://en.wikipedia.org/wiki/Low-pass_filter

MEASUREMENTS WITH ARDUINO

From the PWM signal to a continue voltage. «Poor man DAC» page 93

OKAWA Electric Design

Top = Tools = Filters = RC Low-pass Filter Design for PWM > Result

I RC Low-pass Filter Design for PWM - Result -

- Cutoff frequency about 10 Hz
- Less fast to reach maximum

Calculated peak-to-peak ripple voltage and settling time at a given PWM frequency and cut-off frequency or values of R and C.

RC Filter

R
T o

; — —Vout(s)
PWM signal l

Transfer Function:

66.666666666667
Glsyr——
5+66.666666666667

Cut-off frequency

fo =10.61032953946[Hz]

Final Vant valna af tha ctan raenanca fwithant a rinnla)

http://sim.okawa-denshi.jp/en/PWMtool.php

https://en.wikipedia.org/wiki/Low-pass_filter

average value
e - Still some ripple on output

Duty Step  0%—(50 [%]
PWM signal voltage:
vi=b  VIva=ls V]

R and C values of filter | Cut-off frequency

O Cut-off frequency fc = [Hz]
®)R and C values
R=15000 Q C=1u F
\ /
StepResponse

p:pico, n:nano, wmicro, k:kilo, M:mega Youtctary]
3

Calculate WMMWMWWWWMWWMMWMMMMMMMM

colokawa-denshi.jp
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— English |
- Cutoff frequency about 1 Hz

Top » Tools = Filters » RC Low-pass Filter Desion for PWM > Result

- Slow to reach maximum

average value
Calculated peak-to-peak ripple voltage and settling time at a given PWM frequency and cut-off frequency or values of R and C.

RC Filter ey - Very little ripple on output

Duty Step 0%— 50 [%%]
R PWM signal voltage:
mighj! . V=20 [V] Vg=5 vl

- — —Vout(s)
PWM signal l

I RC Low-pass Filter Design for PWM - Result -

R and C values of filter | Cut-off frequency

Transfer Function: NSy (= [z]

®R and C val
6.6666666666667 and C values
(€ R=15000 @ C=10u F

v
5+6.6666666666667 StepResponse
Cut off frequency p:pico, n:nano, w:micro, k:kilo, M:mega \;out(t) w1
fo =1.061032953946[Hz]
Calculate
- 7 MW
2 Mﬂ
1
0 [} [N 0.2 n3 0.4 0.5 [ 0.7
tl=]
http://sim.okawa-denshi.jp/en/PWMtool.php
https://en.wikipedia.org/wiki/Low-pass_filter terokawa-denshi. jp
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- Button with built-in LED
- The LED is connected to pin 13

- The button connects pin 2 to the
5V when pressed

- A 10K resistance is connected
between pin 2 and ground

WHY?

hitps://www.arduino.cc/ ALMA MATER STUDIORUM -~ UNIVERSITA DI BOLOGNA
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Using a button. Pull-up and pull-down resistors

' Jf initialize the LED pin as an output:

Button . .

pintlode (ledPin, OUTPUT) ;
Turns on and off a light emitting cdiode (LED) comnected to digital il'.l.i 1_—__]'_ -ﬂli_.'? th'? 1:.1_131-]_]:.1_11_—_1_—_.:.11 1:._]'_1-_[ as an il'].]_:"l.'lt-:
pin 13, when pressing a pushbutton attached to pin 2. i i

pintlode (buttonPin, IINNPUT) :

The cirecuit:

* LED attached from pin 13 to ground

¥ pushbutton attac o pin 2 from +5V

* 10K resistor attached to pin Z from ground

vold loop() |
read the state of the pushbutton value:

* Note: on most Arduinos there is already an LED on the board

attached to pin 13. buttonstate = digitalFead{buttonPin ;

created 2005 /¢ check if the pushbutton iz pressed.
b Bogebare SREED: s a0 one if it is, the buttonState is HIGH:

modified 30 Aug 2011

by Tom Igoe if ibuttonstate == HIGH) |

This example code iz in the public domain. // turn LED on:

digitalWrite (ledPin, HIGH):

hetp: //waw. arduine, co/en/Tutorial /Button

}

B elae |
// constants won't change. They're used here to
// set pin numbers: J4 turn LED off:
const int buttonPin = 2 /4 the number of the pushbutton pin . . . .
dic Write :
const int ledPin = 13; // the mumber of the LED pin di ;[lt-ill.]_lt - ilEElPlﬂ, LI:IU:I -

// variables will change:
int buttonState = 0; /¢ wariable for reading the pushbutton status ]'

hitps://www.arduino.cc/ 04 Button ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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With pull-down

Without pull-down

_ resistance
resistance Open button
Open button

(LED pin) (ED el

R \-

With pull-down
resistance
Closed button
(LED pin)
2 \
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Using a button. Pull-up and pull-down resistors

M o o
The digital input, connected to the button, requires O sieeeees ssaesses
the use of an additional resistor, connected to s 1
ground or to +5V, depending on the circuit. This o
because, in the absence of it, when the circuitry Arduino

IS open (i.e. if the button is not pressed) the input,

high impedance, results in a state indefinite, L ame
picking up disturbances (e.g. 50 Hz mains). 509005 004005

Therefore, the resistance is used to define a state
"by default" at the pin input, that the button leads to O or +5V. The use of a resistor
(e.g. 10 KOhm) and not of a direct connection ensures that there are no short circuits
when the button is pressed. So, in the example circuit (pull-down resistor), when the

push button is open at pin 2 there are 0V (ground), when the button is pressed at pin
2 there are +5V.

hitps://www.arduino.cc/ ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA
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Pull-up and pull-down resistors

Pull-up Pull-down Internal Pull-up
vin A vin Vv

in

I Enable Pull-up

Switch

o o

Pullup
Resistor

|
|
|
|
|
|
r’\_ Vout | R
N |_/ | pu
D vout Logic Gate . I Internal
l Logic Gate (Bufler) Pln © I i
{Bgﬂ‘er) Pullglown I IOgIC
Switch Resistor |
|
Ground Ground :
|
|
NOTE: as seen previously, the pinMode function has among its | Arduino
|

different modes the option INPUT or OUTPUT or INPUT_PULLUP. R

It is possible to set up via software a pullup resistor (about 20K) already present inside the microcontroller.
This operation is (electrically) identical to setting the HIGH logic level of the pin (when in use as output).

pinMode(pin, INPUT); < > pinMode(pin, INPUT_PULLUP)
digitalWrite(pin, HIGH);

hitps://www.arduino.cc/ ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA
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The voltage divider The potentiometer is a voltage

divider:
Vp1 = Ry -1 “R, =0 Vg, = VIN
_ VRZ :RZ 'I -R1=R29VR2=V|N/2
1 Vinv=@Ri+R))-T | | , =
R RST B 5VP0wer ) D13
1 < Vi1 [ = Vin
Rl + R2 Arduino E:;

3 o8
1

o7
3
£ D6
s

©)]
C
_|
LI | |
]
Digital Input/Output

El EBE El El Bl B
FOll CI I H N E : E E

& 4 Rl A ” Zj
< Vr1 = Vin "R+ R. =5 o
R V 1 + 2 w o
2 < R2 . o
Ver =V R, T
rR2 = VIN

Y/
R, +R, 9T

- Pull-up and pull-down resistors
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Other resistive sensors: the photocell

I I

3v3 5V VIN
—] RESET Arduino T™DO
——] RESET2 (Fl{Jn%) RX/D1
=] AREF ev D2
< VIN - 5V Photoresistor -1 N/C PWM D3
- D4
GD AD PWM D5
< 9 I_— Al PWM D6
Fixed resistor e K 07
RLDR L D R 10k — 13 D8
< —1 A4/SDA PWM D9
:: —] AS/SCL SS/PWM D10

VOUT

S
<
<

https:/fwww.arduino.cc/

Vour = Vin -

RLDR + R

MOSI/PWM D11
MISO/D12

SCK/D13

ICSP2 MISO
ICSP2 SCK
ICSP MOSI

GND
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Other resistive sensors: the photocell

?
i 3v3 5V VIN
L &
nalogPeadSerial —1 RESET Arduino ™XD0 p—
Feads an analog input on pin 0, prints the result to the serial monitor. =1 RESET2 Ugn%) RX/DT =
. . . L . . — ev -
Attach the center pin of a potentiometer to pin A0, and the ocutside pins to +5 AREF 02
Photoresistor — N/C PWM D3 e
: . . . - D4 frm
Thiz example code iz in the public domain. (EE)
- AL [— AD PWM D5 f—
! ” — A PWM D6 =
L . Fixed resistor —~ 07—
/ the setup routine runs once when you Press reset: 10k02 J 08 b—
wold setup() | L — A4/5DA PWM D9 fm
P . . . . . . - . >
f initialize serial communication at 900 bits per =econd: b3 —] AS/SCL SS/PWM D10 e
Serial.begin(9600) ; MOSI/PWM D11 e
]' MISO/D12 e
SCK/D13 =
'/ the loop routine runs over and over again forewver:
void loop () { 1CSP2 MISO f—
o1l 1C5P2 SCK f—
f read the input on analog pin 0:
i ICSP MOSI [
int sensorValue = analogPead (AD) :
/7 print out the value you read: Gne
Serial.println(gensorValue) ; |
h [ Frit

delav(l): S/ delay in between reads for stabilicy

Try with both R = 10K and R = 1K Ripr + R

htt 51';";" v d i Ko = - A
B _Ol_WS_Ana|OgReadSe”a| ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Rs GAS sensor
V _ V | RL 100

10

Rs/Ro

Ro: sensor resistance at 1000ppm of
H, in the clean air.

Rs:sensor resistance at various
concentrations of gases.

MQ-8
= T
i S— — s = -
e Lﬁ i
“-—-_ - —
k| 5 | L
i et ‘ | L
R N
™%
= —e—H2 -
| —=—LFG
| | —&~—CH4
= —%—C0
[ —#%—alcohol
] —e—air
[T 1 ppm
00 1000 10000

01 WS Ana|OgReadSeria| ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




page 104

- ANALOG SENSORS

The measured thermodynamic variable is converted inside the sensor in the form of voltage,
according to a variation law specified by the manufacturer. The Arduino ADC reads this voltage
directly and, according to the manufacturer’s specification, the measured parameter can be
calculated directly in the Arduino sketch. For example the temperature sensor LM35:

LM35A LM35CA

PARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN| UNIT
LiniTi LiMmiT!2) LiMiTi! LiMiT!2)

Sensor gain Tram = Ta = Tyax 10 9.9 10 °9 mvVIeG
(average slope) —40°C =T, £125°C 10 10.1 10 10.1

- DIGITAL SENSORS

The measured parameters are transmitted to Arduino through a digital communication protocol
(e.g. SPI or I2C). The user does not need to know in detail the low level software instructions of
the communication with the sensor because software libraries are provided by the sensor
manufacturer (or by the user’s community). Once the sensor libraries have been installed in the
Arduino IDE, at first use, in the sketch it is sufficient to #include the library related to the sensor
and the reading of the parameters is done usually just with a single software instruction.
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It is a simple analog sensor, which provides an output voltage
proportional to the measured temperature, varying 10 mV/°C.

There are various models, for example LM35A has operating
ranges between -55°C and 150°C and LM35D has operating
ranges between 0°C and 100°C.

N2y
:* ::’4‘ .'-T‘.
T
A

¥

WX TR

S

(R ¥ R
A 2 L

’f&. \' % 'k"“lw 3 y
,z# 0o S el
L (AT S
u:}\?l Y N Lk
L

e

L&

)
£

S A
AR &
N gV MR Y
Ty 'f*t‘*g\
f:
X ;"f

+5V OUT GND

The 6 analog inputs of Arduino UNO have a resolution of 10 bits, that is 1024 possible values,
measuring by default an input voltage variable between 0 and 5 V (outside these values the

device is damaged).

5

ADC INPUT 0.5V = 1074 =0.00488 V = 4.88 mV (each amplitude step)

10 mV

— measurement resolution

0.48 °C
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LM 35 - ANALOG temperature sensor

. . 1.5V V
LM35A: max 150 °C = max 1.5 V at Arduino ADC input 0 :5 >

0 307 1023
equivalent to ~ 8.26 bit

0O 1V S5V

LM35D: max 100 °C = max 1V at Arduino ADC input :
0 204 1023

equivalent to = 7.67 bit

In both cases, there is a "waste" of bits, in other words of resolution, because the
whole ADC measurement range (5V over 10 bit = 1024 steps) is not used.

tempC = aRead*0.488

Example of temperature measurement:
The Arduino program reads the value 43 on the ADC. Remembering that the read

value can vary from O to 1023 and that each step is 4.88 mV (0.48 °C), the input
voltage to the ADC is nominally 43*4.88 = 210 mV (0.21 V), corresponding to 21|°C.
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In Arduino a “trick” can be used to increase the accuracy of the measurement, when
the range of measured voltages is narrow. The voltage range of the ADC inputs can
be set with the analogReference software instruction:

analogReference(DEFAULT); // The ADC range is the Arduino voltage (5V or 3.3V)
analogReference(INTERNAL); // The ADC range is 1.1 V {2
analogReference(EXTERNAL); // The ADC range is the voltage applied to EXT pin (< 5 V)

Setting to INTERNAL: ADC INPUT 0..11V = 1%)—214 =0.00107V = 1.0/ mV

The resolution is now about 0.1 °C instead of 0.48 °C tempC = aRead*0.10742

NOTE: the ADC input voltage must never exceed the value set with the analogReference
instruction. Setting INTERNAL, the max measurable temperature with LM35 is 110 °C
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Thermocouple + MAX6675 digital interface

A thermocouple can be used very easily with Arduino by
using the MAX6675 circuit, which contains a 12-bit ADC
and automatically applies cold junction compensation.
Type K thermocouples must be used and the temperature
resolution is 0.25 °C. Communication takes place with
Arduino using the SPI protocol.

Software instructions for the use:

#include "max6675.h* /I library to be included at beginning of the source code

/I'Pin connections (SP1 bus) Before first use, the MAX6675 - gl
int thermoSO = 4; . " ) S
int thermocs = 5: library by Adafruit must be installed u

int thermoSCK = 6: in the Arduino IDE

thermocouple.readCelsius() // function to read the temperature from the MAX6675
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These 2 low cost devices contain a temperature sensor and a relative
humidity sensor and communicate with Arduino digitally, using a single wire.
DHT11 (blue): temperature range 0..50 °C, error on relative humidity 5%.
DHT22 (white): temperature range -40..80 °C, error on relative humidity 2%.

Software instructions for the use:

#include "DHT.h" /I library to be included at beginning of the source code

Two libraries must be installed in
#define DHTPIN 2  // Arduino digital pin connected to the DHT sensor the Arduino IDE at first use:
#define DHTTYPE DHT11 // set DHT11 or DHT22

DHT Sensor Library:
DHT dht1(DHTPIN, DHTTYPE); // Initialize the sensor

https://qithub.com/adafruit/DHT-
floath sensor-library
float t;
dhtl.begin(); // This instruction in the setup function AdafrUit_Uniﬁed Sensor L_ib:
https://github.com/adafruit/Adafr
h = dhtl.readHumidity(); // read humidity and put in variable h uit Sensor

t = dhtl.readTemperature(); // read temperature in celsius and put in variable t
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Temperature sensor DS18B20

The DS18B20 is a temperature sensor that communicates
digitally with Arduino with a 1-wire interface (many sensors
can be connected on the same bus). The temperature range
covered varies from -55 to +125 °C with +/- 0.5 °C accuracy.

Software instructions for the use (example with 2 sensors):
#include <OneWire.h> -
#include <DallasTemperature.h> e LT .
#define ONE_WIRE_BUS 2 // Pin bus sensors (all) Put a 5k resistor between +5V

OneWire oneWire(ONE_WIRE_BUS); // Open communication (red wire) and data bus (yellow)

DallasTemperature sensors(&oneWire); // Setup

float Temp1: Two libraries must be installed in the Arduino IDE

float Temp2: at first use:

1-Wire bus:

sensors.begin(); // Start sensors http://www.pjrc.com/teensy/arduino_libraries/One
Wire.zip

sensors.requestTemperatures(); // Read temperatures from all sensors
Templ = sensors.getTempCByIndex(0); // Temperature from sensor 1 T
Temp2 = sensors.getTempCByIndex(1); // Temperature from sensor 2 Temperature-Control-Library

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA I
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Temperature and pressure sensor BMP280

o
BMP280. I12C and SPI interface S, SARNS -
AN S

° -

-

Pressure:

Range: 300-1100 hPa
Resolution: 0.16 Pa
Noise: 1.3 Pa

Temperature: - iy b= T
Range: -40/ +85 °C S WL . —Rl7 Wl Wel

1 vCC 3‘;3_\/ GND Sg);/SPO Spl ¢ QS
Resolution: 0.01 °C ; 5. A %

Pressure &
Altitude Sensor

e By B R

iy

https://www.sunfounder.com/bmp280-barometric-pressure-temperature-altitude-sensor-module.html
https://www.bosch-sensortec.com/bst/products/all_products/bmp280

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



https://www.sunfounder.com/bmp280-barometric-pressure-temperature-altitude-sensor-module.html
https://www.bosch-sensortec.com/bst/products/all_products/bmp280

MEASUREMENTS WITH ARDUINO

<)

Temperature and pressure sensor page 112

1 AR AR A AR A A AR AR AR AR AR AR KRR KRR KRR KK KK 41 Serial.print(F("Temperature = "))}
2 This iz a librarvy for the BMPZE0 humidity, temperature & Dressure Sensor 42 Serial.print(bme.readTemperature());
3 43 Serial.println(™ *C");
4 Dezsigmed specifically to work with the Adafruit BMEPZE0 Breakout A4
5 —---> htep: S/ww. adafruit, com/products/2651 a5 Serial.print(F("Pressure = "j);:
“ 4F Serial.print(bme.readPressure());
7 These sensors use I2C or 3P to communicate, 2 or 4 pins are required - L. .

e 47 Serial.println(™ Pa™):
g to interface.
g 40
10 Adafruit invests time and resources providing this open source 45 Serial.print(F({"Approx altitude = "));
11 pleaze support Adafruit and roe hardware by purchasing p a0 Serial.printibme.readdltitude (1013.25)):
1z from Adafruic! 51 Serial.println(™ n'");
13 4]
£ Wri =) Wil imot o N1 Tewi O Br(l ar  Ad 111 [ rie - .
14 Written by Limor Fried & Fevin Townsend for Adafruit Industries. 3 Serial.println():
15 BSD license, all text abowe must be included in any redistribution
16 | sttt A AR AR AR AR A AR 54 delay(1000) ;
R R R L R R e T e P e L /
17 55}
1% #include <Wire.h>
19 #include <5PT.h-
20 #include <hdafruit Sensor.h> —
21 #include <Adafruit_BMP280.h> COM16 (Arduino Mega or Mega 2360)
- . 57

o Gnd
L n) em ML A5 IO, TTmpTroToOrT T I o
e - L. g TEL y i Ln
! = = = nng9g52 =

26 ) SDA {20 on MEGA, A4 TWD) Fressure = 100352.32 Fa
o7 Approx altitude = 31.12 m
28 Adafruit EMPI80 bme; // IZC
g

Temperature = 26.11 *C
30 woid setup() { g -

e s = 100352 &
31 Serial.beqin(9600): Fressure = 1009532.83 Fa
32 Serial.println(F("EMPZS0 test™)): Lpprox altitude = 31.03 m
34 if (!bme.begin(}) { Temperature = 28,11 *C
35 Serial.println(F("Could not find a wvalid BEMPZE0 sensor, check wiring!'™)):; -
- ) Pressurs = 10035&8.31 Pz
36 while (1)

30
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Serial 7-segment display

To avoid having to command every single
segment and make it easier to use, this
shield includes a microscopic Arduino that
communicates with the main Arduino and receives commands on what to display. It can connect
in 3 ways: serial (TTL), SPI serial or I12C serial.

Arduino Sample Snippet (Serial Mode): To make the display read 12Ab., we can't be guarantead
that the cursor is at position 1. To ensure that it is, we can use the clear display command before

sending our data.

/{ ... after initializing Serial at the correct baud rate...
Serial.write(8x76); // Clear display command, resets cursor
Serial.write(8x81); // Hex value for 1, will display "1°
Serial.urite('2"); /f ASCII value for 2", will display '2°'
Serial.write(@xeA); // Hex value for 18, will display "A’
serial.write('B"); /f ASCII value for "B’, will display 'b’

o " A ED,

0 00_0-0_00_0

o, @& o, a

1.00_0°0 008

Coo@o Coo@ao

https://www.sparkfun.com/products/11442

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



https://www.sparkfun.com/products/11442

|
| Serial 7-segment display

) MEASUREMENTS WITH ARDUINO

page 114

Connection via SPI

Because we use the SPI library, you'll need to connect the Arduino's hardware SPI pins to the

display.

- V“_,:“ N - '

SN S1 RST SCK_S0 UCC 6ND -
€ L5 : -
& ] + < ™
: . €

A
L
Al

\
—

* Rl o Jag
: E o & -y e =
8 e, g -

e

o
i

Arduino Pin

10 (CS)

11 (MOSI)

13 (SCK)
5V

GND

Serial 7-Segment Display Pin
SS (with a bar over it)
5D1
S5CK
VCC

GND

Connecting the displays *SDO* pin to MISO (12) on the Arduino is not required. Communication

only goes one way - from Arduinc (master) to display (slave).

SPI: Serial Peripheral Interface

4 wires bus: MOSI (Master Out Slave In), MISO (Master In Slave Out),

SCK (Clock), SS (Slave Select, SS1, SS2, .., SSn)

https://www.sparkfun.com/products/11442
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#include <5FI.h>
int ¢3Pin = 10; //You can use any I0 pin but for this example we use 10

int cycles = 0;

vold setup()

{

pinMode {c3Pin, CUIETT):
digitalWrite{caPin, HIGH): /f/By default, don't be zelecting OpenSegment

Serial . .begin{9600); fS/5tart serial communication at 9600 for debug statements

™

Serial.println{"OpendSegment Example Code™);

SPI.kegin(): Sf/53tart the 5FI hardware
SPI.setClockDivider (SPI_CLOCE DIVE4): //3low down the master a bit

o e e L SE L el

F/75end the reset command to the display - this forces the cursor to
S/ireturn to the beginning of the display
digitalWrite{csPin, LOW); //Drive the C3 pin low to select OpenSegment

SPI.transfer('v"'); J/Reset command

https://www.sparkfun.com/products/11442
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Serial 7-segment display page 116

wvold loop()

{
cycles++y; /f/Counting cycles! Yay!
Serial.print{"Cycle: ");
Serial.println{cycles):

apiSendValue {cycles); //5end the four characters to the display

delay{l); //If we remove the slow debug statements, we need a very small delay to prevent flickering

S /Given a number, spiSendValue chops up an integer intec four values and sends them ocut over spi
vioid spiSendValue (int templycles)
{

digitalWrite (csPin, LOW):; //Drive the C3 pin low to select Open3egment

SPI.transfer(templycles / 1000); //3end the left most digit

templCycles %= 1000; //Now remowve the left most digit from the number we want to display
SPI.tranzfer(templycles / 100);

templCycles %= 100;

SPIl.transfer(templycles / 10);

templycles %= 10;

SPIl.transfer({templycles); J/Send the right most digic

digitalWrite{csPin, HIGH); //Belease the C5 pin to de-select OpenSegment

https://www.sparkfun.com/products/11442

_05_7SegmentDiSp|ay ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Color TFT graphic display page 117

Color TFT graphic display (2.87) ey

240 x 320 pixel, 16 or 18 bit color depth s
Interfaced via SPI (TFT part) with Arduino:

SPI Clock: pin 13

SPI MISO: pin 12

SPI MOSI: pin 11

SPI CS (chip select): pin 10
SPI DS (data select): pin 9

EEER ¥i

The touch screen can be connected
via 12C and the microSD via SPI

Libraries to install:
Adafruit_1LI19341 and Adafruit GFX

https://www.adafruit.com/product/1651

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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ST e e e e e e while (!Serial):
Thiz iz an example sketch for the Adafruit 2.2 5PI display.
This library works with the Adafruit Z.2" TFT Breakout w/3D card Serial.println({"Adafruit Z.2V" SPT TFT Test!");
-——-=% http: fSwww. adafruit. com/products/ 1480

cEt.begini) ;
Check out the links above for our tutorials and wiring diagrams

These displays use SPI to communicate, 4 or 5 ping are recuired to Serial.println(F{"Benchmark Time (microseconds)’
interface (RE3T iz optional) Serial.print(F("Screen £ill HIE
Adafruit invests time and reszources providing this open source code, Serial.printinitestFillScreen()) :
Pplease support Adafruit and open-source hardware by purchasing delay(500)
products from Adafruit!
Serial.print(F("Text iy
Written by Limor Fried/Ladyada for Adafruit Industries. Serial.println(testText());
MIT license, all text above must be included in any redistribution delay(3000);
SIS SRS SRS AT EE T 'F'(' C ]téllI'S't'He' 'C'O'r'nlrl)ller to store
. the string in the flash memory Serial.print(F("Lines Ak
#include "SFI.h" instead of internal RAM Serial.println(testlines(ILI9340_CYAN));
#include "Adafruit GFX.h" delay(500) ;
#include "Adafruit TLIS340.h"
Serial.printi(F("Horiz/Vert Lines i
// These are the pins used for the TNO Serial.printin(testFastLines(ILI9340 FED, IL19340_BLUE)):

'/ for Due/Mega/Lecnardo use the hardware SPI pins (which are different) ge]ay(500);
#define sclk 13
#define miso 12 Serial.print(F{"Rectangles (outline) iy

#define mosi 11 SPI connection pin numbers Serial.println(testRects (ILIS9340 GREEN)):

#define c3 10 delavyis00);
#define dec §
#define rst 8 Serial.print(F("Rectangles (filled) R

Serial.printlnitestFilledPRects (ILIS340 YELLOW., ILISZ40 MAGENTA'
https://www.sparkfun.com/products/11442
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woild loop (void) | unsigmned long testlines|uintlé_t color) {
for{uintd t rotation=0; rotation<4; rotationt+) { unsigmed long start, )
tft.setRotation(rotation) int ®1, vl, %2, ¥Z,
testTexti) w = tft.widthi),
delay (Z000) ; X . h = tft.heighti):
1 Functions to test graphlc
} instructions tft.fillSereen(ILI5340 BLACKE) ;
unsigmed long testText() ¥l =yl =10;

vz =h - 1;
start = microsi);
for{x2=0; x2<w; x2+=6) tft.drawline(xl, yvl, =x2, ¥, color);

tft.fillScreen(ILIS340_ELACK) ;
unsigned long start = microsi();
tft.zetCur=scr (0, 0):

xZ =w - 1;
tft.setTextColor (ILIS340 WHITE):; tft.setTextiize(l):
) : - ) (1) foriy2=0; v2<h; yv2+4=£) tft.drawline(xl, vl, =2, %I, color);
tft.println("Hello World!™): . P . .
T = micros() - start; // £illScreen doesn't count against ti

tft.setTextColor (ILIS340_YELLOW); tft.setText3iize(l);
tft.println(lZ34. 58] ;
tft.setTextColor (ILIS340_ERED) ; tit.setTextiize(3);

tft.fillScreen(ILIS340_EBLACE) ;

tft.println(0xDEADEBEEF, HEX): xl -w - 1;:

tft.println() ; vl = 0;

tft.setTextlolor (ILIS340_GEEEN) ; VI =h - 1;

cit.setTextiize(5); start = micros();

tft.println("Groop™) forix2=0; xZ<w; xI2+=6) tft.drawline(xl, wvl, =2, %I, color):
tft. setTextiize (2); ®2 = 0:

tft.println("I implore thee,™);: for(y2=0; v2<h; v2+=€) tft.drawline(xl, vl, x2, ¥2, color):
tft. setTextSize (1) t += micros() - Starc;

tft.println("ny foonting turlingdromes.™);
tft.println("ind hooptiously drangle me™);
tit.println("with crinkly bindlewurdles,™):

tft.fillScreen(ILIS340_BLACKE) ;

tft.println("0r T will rend thee™); 1 =0
. ; 1 =h - 1:
tft.println(”in the gobberwarts™): Yﬂ 0
tft.println("with ny blurglecruncheon,™) ¥= o
cit.printin("see if T don'c!™): start = micros():
-F h o T for(x2=0; ®2<w; ®2+4=6) tft.drawline(xl, ¥l, =2, ¥2, color):
return micros() - start; "
®Z =w - 1;
! foriyZ=0; y2<h; y2+=6) tft.drawline(xl, ¥l, %2, ¥2Z, color);
https://www.sparkfun.com/products/11442 t. += micrasil - start:

06 TFT28Adafruit ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Connection of another TFT graphic display (1.8”)

e [so caro” |
160 x 128 pixel g |
Interfaced via SPI 2
f‘;')
Libraries to install: D —— o—| BL
i . o Ground
Adafruit GFX and Adafruit ST7735
45V +5V
To use microSD, install the corresponding MISO. pin 12
SD library SCK: pin 13
O —— ® MOSI: pin Tl
o — LCD CS: pin 10
e =)
— il : Y SD CS: pin 4
- e |l = s2 & D/C: pin 9
. -: T RESET: pin 8
& Q) “2 BL: 45V
& GND: GND
https://www.arduino.cc/en/Main/GTFT Made with [J Fritzing.org

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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This example for the Arduino

screen reads the values

of I potentiometers to move a rectangular platform

onn the x and ¥ axes. The platform can intersect

with a ball causing it to bounce.

Thiz example code iz in the public domnain.

Created by Tom Igoe December

Modified 15 April 2013 by Sc

oLz

ott Fitzgerald

hoep: /Aarduine. ee/en/Tutorial /TFTPong

#include <TFT.h> // Arduino LCD library

#include <5PT.h>

A4 pin definition for the Uno
#define cs 10
#define dc 9
#idefine rst 8

hFT TFTscreen = TFT(es, de, rst):

// wariables for the position of the ball and paddle

int paddleX = 0;

int paddleY 0;

int oldPaddleX, oldPaddleY:
int ballDirection¥ = 1;

int ballDirectionY = 1;

int ball3peed = 10; // lower mumbers are faster

int ballX, ballY, oldBallX, oldBallY;

https://www.arduino.cc/en/Main/GTFT

vold loopi() {

/ zave the width and height of the =creen
int myWidth = TFTscreen.widthi():
int myHeight = TFTscreen.heighti);

/ map the paddle's location to the position of the potentiometers
paddleX = map{analogPeadiald), 0, 1023, 0, nyWidth) - 20 / 2;
paddleY = map{analogFeadial), 0, 1023, 0, nyHeight) - 5 / 27

'/ set the £ill color to black and erase the previous
/ position of the paddle if different from present
TFTscreen. £i11(0, 0O, 0}

if j(oldPaddleX '= paddleX || oldPaddleY '= paddle¥) |
TFTscreen.rectioldPaddleX, oldPaddle¥, 20, 5):

f draw the paddle on screen, save the current position
f as the previous.
TFTscreen.£ill (255, Z55, Z55);

TFTacreen. rectpaddleX, paddle¥Y, 20, 5)i:
oldPaddleX = paddleX;
oldPaddle¥Y = paddle¥;

'/ update the ball's pogition and draw it on screen

if |:1I.lllll$ |: :| £ hallSpEEd < :] .[ /¢ this function determines the ball's position on
void moveBall() {
moveBalli); /¢ if the ball goes offscreen, reverse the direc
if (ballX > TFTscreen.width() || ball¥ < 0} {
} ballDirection¥ = -ballDirection;
}
SE 11T A TETanwnm emdbde s g waiw oo o

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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_08_TFTGraph_TFT18

TFT Graph

Thiz example for an Arduine screen reads
the valus of an analog sensor on AD, and
graphs the walues on the screen.

Thiz exanmple code iz in the public domain.

Created 15 April 2013 by Scott Fitzgerald

http: //arduino. ce/en/Tutorial /TFTGraph

#include <TFT.h> // Arduino LCD library
#include <5P1.h>»

S/ pin definition for the Uno
#define cs 10
#define dc g
#define rsc 8

f/ pin definition for the Leonarde

fine dec 1]
#define rsct 1

TFT TFTscreen = TFT{cs, do, rst);

J/ position of the line on screen
int ®xPos = 0;

https://www.arduino.cc/en/Main/GTFT

_08 TFTGraph_TFT18

vold setup() {
'/ initialize the serial port
Serial.begin(9800) ;

/ initialize the display
TFTscreen.begin) ;

{ glear the screen with a pretty color
TFTscreen.background (250, 1&, Z00);

vold loop () {
{ read the zensor and map it to the screen height
int gensor = analogRead (AD) ;
int drawHeight = mapisensor, 0, 1023, 0, TFIscreen.heighti()):

A/ print out the height to the zerial monitor
Serial.println(dravHeight) ;

'/ odeaw a line in a nice color
TFTscreen.stroke (250, 180, 10):
TFTscreen. line (xPos, TFlscreen.height() - drawHeight,
wPos, TFTzereen.heighti))

'/ 1E the graph has reached the screen sdge
J/ erase the screen and start again
if (#Pos »>= 1€0) {

xPos = 0;

TFTzereen.background (250, 16, 200):

o

lse {
/ increment the horizontal position:
xPos++;

delay(16);

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA


https://www.arduino.cc/en/Main/GTFT

page 123

Connection of another TFT graphic display (2.2”) using Arduino MEGA2560

[ ‘_;V: et WAL T',"'

, Vv e RRTNCEA T AA SORe
S W gy Y L B Y
K b AP, A H
/ . F Nk 4 !
W 495,

Y Qe I e
240 x 320 pixel, 16 bit color depth P %
Interfacing viaSPI to

Arduino MEGA2560:

SPI SCK (Clock): pin 52 20 :
SPI MISO: pin 50 e
SPI MOSI: pin 51 4
SPI CS (chip select): pin 53

SPI RST (reset): pin 9

SPI DC (data/command select): pin 8

Install libraries:
Adafruit_ILI9340 and Adafruit. GFX

https://www.adafruit.com/product/1480

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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vold setwp() {
_03_MyScopeTFT225 _ Sfoput your setup code here, to run once:

include "SFI.LT
#include "Adafruit GFX.h" tEt.begin()
#include "Adafruit ILIS340.h" tft.fillScreen(ILIS340_FED) ;

tft.fillScreen(ILIS9340 _EBLACKE) ;
#if defined(_ SAM3XEBE_ ) tft.setRotation(l) ;

#undef  Flash3tringHelper::F(string literal) }
#define Fistring literal) string literal
#endif vold loopi) {
S/ put vour main code here, to run repeatedly:
f/ These are the pins used for the Mega
#define sclk 52 tft.setlursor(0, 0);
#define miso 50 tft.getTextColor (ILIS340 WHITE): tft.setTextiize(Z):
#define mosi 51 tft.printlni{"Start™);
#define cs 53
#define rst 9 string sensorVall = String(analogPead (A0))
#define dec 8 sensorvVall.toCharkrray(sensorPrintout, 5);
tft.=zeclursori0, 2Z0):

#define BELACE 0x0000 tft.f£ill1Rect(0,20,50,28,ILTI9340 BLACK) ;
#define BELUE Ox001F tft.printlnisensorvall) ;
#define FED 0xF500
#define GEEEN 0x07EQD '/ odelayi(l00) ;
#define CYAN 0x0O7FF
#define MAGENTA OxFS1F tft.drawPixel ixPos, S0+analogFeacd (AD) /5, YELLOW) : // draw a line across the screen
#define YELLOW OxFFEOD tft.drawPixel (xPos, S0+analogFead (Al)/5,GEEEN); // draw a line across the screen
#define WHITE OxFFFF

Adafruit_TLIS340 tft = Adafruit TLIS340(_cs, _deo, _rst):

{ char array to print to the screen
char sensorPrintout[5]:
int xPos = 1;

xPos = xPos + 1;
if(xPosz=tftC.width()) {
xPos=0;
tfr.fillRect (0,50, tft.width(),tft.height(),ILI9340 BLACK) ;
}
J Oscilloscope of analog inputs AO e Al

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Let's add to the previous example an external DAC converter and an external ADC
converter

I TE

2 12811 IZC ADC+PGA

Digital to Analog Converter
DAC MCP4725 (12 bit)

https://learn.adafruit.com/mcp4725-12-bit-dac-tutorial

Analog to Digital Converter (x4)
ADC ADS1015 (12 hit)

https://learn.adafruit.com/adafruit-4-channel-adc-breakouts

Both are connected to Arduino using 12C protocol, on different logic addresses.

Using Arduino MEGA, the pins dedicated to 1°C are 20 (SDA) and 21 (SCL); both devices are
connected in parallel to this bus. The address is fixed in hardware mode on the respective card:

MCP4725: AO unconnected = address 0x62; AO connected to VDD - address 0x63
ADS1015: ADDR connected to GND - address 0x48; ADDR connected to VDD - address 0x49
ADDR connected to SDA - address 0x4A: ADDR connected to SCL - address 0x4B

HEXADECIMAL <« DECIMAL > BINARY
Ox4A > 74 > 1001010

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA I
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We have now the TFT
display connected on the
SPI bus and the ADC and
DAC connected both on the

addresses. The loaded
sketch reads the voltage on
the analog input of Arduino
on the pin A0 and draw it on
the screen. In addition, the

external ADC reads a voltage = e\ S
from its input A0, this value is : ~—
drawn on the screen and the external DAC is set with the same voltage. The initial part of the
sketch includes all the libraries necessary for the operation of the devices used. In the setup part
these are initialized.

The MCP4725 DAC address is set to 0x62 (its address selection pin is left disconnected), the
ADS1015 ADC address is set to 0x48 (its address selection pin is grounded). The SDAs of both
go to pin 20 of the Arduino board and the SCLs to pin 21.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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1 ginclude "SPI.L" 35 S/ put your setup code here, to run once:

2 ginclude "Adafruit GFH.L" 3E

3 #include "Adafruit ILTS9340.0" 37 tft.begin(); Setup TFT display
4 #ineclude <Wire.h> 386 tft.fill3creen(ILIS340_FED):

5 #include <Adafruit MCP4725.h 39 tft.fillScreeniILIS340_BLACE)

£  #include <Adafruit ADS1015. 1 40 tft.setRotation(l):

7 4] tft.setTextSize|l):

2 Adafruit MCP47I5 dac: a7

S Adafruit ADS1015 adsl0Ll5i0x48):; 3 7/ DAC

0 £

11 // These are the pins used for the Mega 44 dac.begin(0x€2); SetUp e
17 #define sclk 52 45 tft.println("DAC MCP4725 Started™);

3 #define _miso 50 46

14 #define mosi 51 47 GAIN TWOTHIRDS (for an input range of +/- &.144V)
15 #define _cs 53 a5 ff GAIN ONE (for an input range of +/-4.0598V)

1  #define rst 9 49  Jfy GAIN TWO (for an input range of +/-2.048V)

17 #define dec 8 B0 A7 GATN_FOUE (for an input ranges of +/-1.0247)

13 5L /S GAIN EIGHT (for an input range of +/-0.512V)

15 #define BLACK 0x0000 52 4/ GAIN SIXTEEN (for an input range of +/-0.256V)

Z0  #define BLUE 0Ox00LlF 3

2L | #define RED OxFEOD 54 adsl0l5.begin{); // Initialize adsllls Setup ADC
22 | #define GREEN Dx[7ED 55 adsl0l5.setGain (GATN ONE) ; GAIN sets the
23 #define CYAN 0x07FF | . T

-4 #define MAGENTA OxFOLF 56 1if (! adslOls.getGain()==GAIN ONE) range

-5 #define YELLOW OxFFED 57 { tft.println("Error ADC ad=sl115"); }

°¢  gdefine WHITE OxFFFF 8 elze | tft.println("ADC ADS1115 Started™); |}

nn 59

28 Adafruit ILT9340 tft = Adafruit ILIS340( cs, _de, _rst): 60 delay(l000);

o4 £l tft.fill3creeniILIS340_BLACE)

30 /S char array to print to the screen g2 tft.printlni("Loop start');

3 char sensorPrintout[Z0]; £3 delavilooo):

32 int xPos = 1; g4}

10 ADC DAC TFT22 ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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J/intlé_t -32,768 to 32,767
intleé_t adel, adel, adel, ade3:
float VoltageExtADC,VoltageArdaDC,VoltageExtDALC;

id loop() {

// put your main code here, to run repeatedly
tft.zeclursori0, 0);

tft. setTextColor (ILIS340_WHITE) ;

tfc.printc{"Tine ) ;
tft.printlnfmillis());

/ 5V su 10 bit
Arcuino ADC (10 bit)

VoltageArdaDC=float|{analogFRead (AD) ) *5/1023;
String sensorV = StringiVoltagedrdADC,4); //
sensorV. coChariArray (sensorPrintout, Z20);
tft.print("Arduino I V="):
tft.println{sensorV) ;

tft.drawPixel (xPos, Z40-VoltageArdADC*30,YELLOW); // plot ADC interno
xFos = xPos + 1;
ifixPosr=tft.widthi)) {
xFPog=0;
tft.fillRect(0,50,cfc.width({) ,tft.height() ,TLTI9340_BLACK) ;

/ Avanzamento cursore plot

// ADC: 2047 per V=4.0898 V

aded = adsl0l5.readADC SingleEndedn) : Reads ADC

/ DAC: 4095 per V=5 V; 2047 per V=2,5 V .

/ DAC: 4095 div 5 per V=1 V Writes DAC

dac.setVoltage (ade0*4.096/2.5, false); /) VIDAC) = V0ADC)

VoltageExtADC=float(Z%ade0) /1000; // per 1OLS
tft. drawPixel (xPo=, Z240-VoltageEXtADC*30,WHITE): /.,

PLOT ADL 3TN

_10_ADC_DAC_TFT22

Max 4,096 V Input

page 128
104
105 gensorV = String(VoltageExtADC, 4y // 012 bit ADC)';
10g gengorV. toCharlirrayisensorPrintout, 20);
107 tft.print("Ext ADC V="):
lo0g cft.println(sensorV) ;

109 delavi(Z0o0);
tfc.fillRect(0,0,160,28,IL19340_BLACK) ;

S) MCP4725 =
oACSE ()

TR
L)

L EF T Y.

-

ettt Y FTTIT TS

Potentiometer (divider) - external ADC
External ADC - internal DAC - internal ADC
Internal and external ADC plots are overlapped
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One of the many shields of Arduino allows Free Fasca

to save data on microSD or other types of Laza rus
memories rewritable, but it can be useful to
receive and process data in real time directly
from Arduino. It is possible to do this in many
ways, for example via WiFi or Ethernet
shield or Bluetooth or GSM (the possibilities
are endless). An option at no cost, without
the use of additional shields consists in http://www.lazarus-ide.org/

using the Arduino serial monitor port: on the computer runs a very simple ad-hoc software,
which reads the data that Arduino sends to the serial port (in the form of text strings), converts
into numerical values and uses them for processing or archiving on computers, in real time.
Obviously also communication from computer to Arduino can be implemented, in a similar way.
An example is now shown, made using the Lazarus compiler, i.e. free objects Pascal, free,
open source (GPL/LGPL) and cross-platform (Windows, OSX, Linux).

Project
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value is sent to the computer through the serial port, in
continuous way. To facilitate the interpretation of the data
(which are sent in the form of a text string and in
non-synchronized mode between Arduino and the computer), e
these will be formatted in the form [xx.yy] where xXx.yy is the < R o:_,«u: ¥l gl
temperature, two decimal places. The computer program reads ¢= = s
the serial data, extrapolates the string formed by the 7 |
characters [xx.yy], converts xx.yy to the form xx,yy (in Italy ‘
the numerical format provides the comma) and converts this strlng In numerical value, usable for
processing or direct storage on the hard disk.

The sketch loaded on Arduino (MEGA) is a simplified version of the one previously seen for the
BMP280 test.The program created with Lazarus to read the serial port includes the installation
of the free 5dpoSerial library hitps://sourceforge.net/projects/sdpo-cl/files/ useful to manage the
communication on serial port (virtual).

Both software sources are available for download.
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page 131

Modified version of the sketch from the previous example. On serial port only the temperature is
written, adding the square brackets before and after the numerical value.

//Vin to 5V " @ COM16 (Arduina Mega or Mega 2560) mE@u
Siond to Gnd
SFECKE to 5CL (21 on MEGA, AS TINO) — -
//5DT to SDA (20 on MEGA, A4 UNO) (25241
[25.34]
[25.34]
Adafruit BMPZE0 bme: // IZC [25.34]
[25.34]
[25.34]
wvold setup() | [25.34]
Serial.begin(S600) ; [25.335]
[25.35]
[25.35]
if ('bme.begini)) { [25.35]
- : . : : - - . 25.34
Serial.println(Fi("Could not find a walid EMPZE0 sensor, check wiring!™)1): {2;34}
while (1) [25.34]
[25.34] e
: [25 -
} [¥] Scarrimento automatica :Nessun fine riga v: :QGDD baud

String SerialPFow;
viold loop() {
Serialfow = String()+ "["+bme.readTenperature(j+"1":

Serial.printin{ZerialRow) ;
delayil0):

12 BMP280 TempArdUinO ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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procedore TForml.TimerlTimer (Sender: TChiject):
var Data,First7chars,FirstSchars:S5tring; NumericalValue:double;
begin

if not SdpoSeriall.fActive then exit;
Data:=5dpoSeriall.ReadData;

if length(Data)>6 then
begin
irstichars:=copy(Data,1,7): [/

[24.57] expected

if not | (copv(Firstichars,l1,1)="[")

ar

Firstbchars:=copy (FirstTchars,2,2)+"', "+copy (FirstTchars,5,2);

HMemol.Lines.hdd (FirstSchars);
Memol.Lines.Add("-———————————-— ") :
Edit2.Text:=FirstSchars: [/ String
end

else exit;

FlagError:=false;

if length(FirstSchars)<>5 then exit;

try NumericalValue:=5trToFLoat (FirstSchars):
E:EConvertError end;

except On do FlagError:=true;

if not FlagError then Edit3.Text:=FloatToStr (NumericalValue)
E 3

else Texti="I/R";
sleep (150) ;
end;

[copy (First7chars,7,1)=

1)

FlagError:boolean;

)

// 24,57

N
COM16 (Arduino Me

Main routine of the Pascal program
written with Lazarus. At regular
intervals the serial port is read

and the string containing the
temperature value is extrapolated.
The dot is converted into a comma
and the string is converted into

a numerical value.

then exit;

T

123
123

[23

[2s.
[2s.
[2s.
[2s.
[2s.
[2s.
[2s.
[2s.
[2s.
[2s.
[25.
[2s.

[2s.

=T
59]
59]
59]
59]
549]
59]
59]
59]
59]
59]
59]
59]
59]
.58]
.58]

.52]

Scorrimento automatig

— Y
@ Arduine read serial port = | B | S
Serial device port (es: COMI16) String from serial  Mumerical value
COmMLe 26,75 2675
[¥] Activate Serial port
_____________ -

m
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A shield called HC-06 is used, connected to Arduino
MEGA. This card contains a transceiver Bluetooth and
works at 3.3 V (even if it is indicated 3.6-6V).
Communicates with Arduino through a serial port, so by a
TX wire and an RX wire. These two signals follow the 3.3V
CMOS standard so as not to damage the card a level
shifter is required, to transform digital signals from 5V
used on Arduino board (UNO or MEGA) to 3.3V and to
transform the 3.3V signals from the shield to the 5V
requested by Arduino. ST ‘

and 19 (RX1). The TXD pin
of the HC-06 card is therefore
connected to the level shifter
and then to Arduino's RX1
pin. The RXD pin of the
HC-06 card is connected to the level shifter and after the conversion to the TX1 pin of Arduino.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



https://www.sunfounder.com/bluetooth-transceiver-module-hc-06-rs232-4-pin-serial.html

MEASUREMENTS WITH ARDUINO

Data communication from smartphone to Arduino via Bluetooth page 134

The sketch uploaded on Aruino nitaizes [ I

the two serial ports used: Serial is the | ,, wega: seriall, B¢ opin 19, T pin 18
virtual serial port on computer that allows
to display the serial monitor and Seriall is
instead one of the 4 hardware serial ports
of Arduino MEGA and in particular port 1,
that uses pins 19 and 18. R

In the main loop of the sketch, Arduino
reads continuously what is received from 10 }
the Seriall port (HC-06) and copy it on the . —
virtual serial port, to be displayed on the . |

computer. 14  while(Seriall.available(})
. 15 ffwhile there iz d wvailable o he zerial monitor
The strings are sent from the Bluetooth of a {//ubide Ehens 48 dara avad ¢ohe EEnial meniter

1lE message+=char (Seriall.read());//store string from serial command

smartphone via a free app called Arduino v
Bluetooth Controller. In this sketch the 18  if{!Seriall.available())

S/ s Android: "Arduine blustooth controller™, modalita Terminale

L3 L

String message; //string that stores the incoming messadge

vold setup()

1 o on s

Serial.begin(9600); //zet bawd rate (monitor su po)
Seriall.begin(9600); //set baud rate (comunicaziones con HC-08)

Lo oo

. - - l_l_' {
message received via Bluetooth is only - % (message! o]
displayed but the same operating scheme -, (//if data is available
can be used to make Arduino perform 22 Serial.printlnimessage); //show the data
remote actions (e.g. watering the lawn or 4 } message=""; //clear the data
turn on the house heatmq or turn on the Z5 } elze Serial.println(”Serial 1 not available™);

light of a room), recognizing a certain  =:  aelay(loo0);: //delay
command. 27}

bl =]

<t http://www.instructables.com/id/Add-bluetooth-to-your-Arduino-project-ArduinoHC-06/

13 HCO06 Bluetooth ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



http://www.instructables.com/id/Add-bluetooth-to-your-Arduino-project-ArduinoHC-06/

W 1) . ‘
©w' & !~: Y .f:.?:“' ’
) é: >
? 5 ‘\ 1 e ?
? \! - "f:_

NI 90TYNY
ONINGHY

N | "%

22 ONINANY MMM

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



MEASUREMENTS WITH ARDUINO

| Data communication from smartphone to Arduino via Bluetooth page 136

VLB 2104 ) 2@ % W4 @ 2105 . B _
“ = COM16 (Arduino Mega or Mega 2360) = | E 2
> accendi il condizionatore accendi il condizicnatore
Connetti in modalita
B joystick
Connetti un dispositivo
interruttore invia un comando
0 JBLFlip3 - ] ,
assoclato, non connesso - "/ Ltk sl ety i
dimmer
o HC-06 123 4567890
associato, non connesso terminale % 1 o [ 1 < - { )
[ Asus_zooLD gwer tyuiop
- @ ] € N & + ( }
associato, non connesso a s d f g h j k |
Ll XW-BTSP1 4 z xcvbnm@a@
associato, non connesso - R .
O Paolo Galaxy §5 o 2123 © p— ° Scorrimento automatico | Messun fine riga = | 9600 baud

The HC-06 module will appear in the list of Bluetooth devices

With the Arduino Bluetooth Controller (Android) app, connect to HC-06 in "Terminal" mode
Once connected, the flashing LED of the HC-06 will remain steady on

. In the Arduino IDE on the computer open the serial monitor

. From the app terminal on the phone, type a sentence and send it via Bluetooth

. In the serial monitor on the computer the sentence received from Arduino will appear

I R e
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Using of a Multiplexer

It may sometimes be necessary to use a multiplexer, an
electronic device that works in a similar way to a rotary
selector, when for example it's required to connect
sequentially a single ADC with several external analog
sSensors.

The shield used is a simple adapter of the CD74HC4067
integrated circuit. It can be powered from 2V to 6V.
Through the 4 digital inputs S0..S3 can be selected
which of the 16 pins C0..C15 is connected to the (single)
SIG pin (in bidirectional mode) via binary logic: the
number in base 2 set to S0..S3 pins is converted in the
decimal Cx number. The EN pin if connected at a HIGH
logic level disables all connections (inverted logic). The
use is very simple: 4 Arduino digital outputs are
connected to the 4 selection pins S0..S3 and by using
binary logic the desired electrical connection between
SIG and CO0..15 is established.

https://www.sparkfun.com/products/9056
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14 _Multiplexer §

1 // address multiplexer

2 int A zero = 2; // pin 50 a pin I di MEGA

3 int A _one = 3; // pin 51 a pin 3 di MEGA

4 int A two = 4: // pin 52 a pin 4 di MEGA

5 int A three = 5; // pin 53 a pin 5 di MEGA

7 wold setup() {

g8 /f Multiplexer

9 pindlocde (A zero, OUTPUT): S/ =sets the digital pin "A zero” as output

10 pinMode (&_one, OUTPUT) : J/ sets the digital pin "4 one” as output

11 pinMode (&_two, OUTPUT) ; J/ sets the digital pin "4 two" as output A

1z pinMocde (&_three, OUTFUT) : J/ sets the digital pin "4 three” as output =

13} '

14

15 void loop()

le // Select address 0000 =0

17 digitalWrite (A_zero, LOW); digitalWrice(A one, LOW):

18 digitalWrite (A _two, LOW); digitalWrite (A three, LOW): . . .

15 delay(l000); In this example, Arduino uses pins 2, 3, 4, 5 to control
o1 | 1 Select airess OODL <1 the S0..S3 multiplexer selector. 4 LEDs are connected
22 digitalWrite(A_zero, HIGH); digitalWrite(A_ome, LOW); (+) to the first 4 outputs of the multiplexer. The other
20| dermprinngy e v diorcelimineld theee LI pins of the 4 LEDs are all connected in common to a
25 1K resistor, connected to ground. The SIG multiplexer
28 J/ Select address 0010 =2 . . .

27 digitalWrite (A_gero, LOW); digitalWrice(A one, HIGH): InpUt 1S Con_neCted tO 5V The S_ketCh enables the fIrSt
28 digitalWrite (A two, LOW); digitalWrite(A three, LOW): 4 Outputs N Sequence, keeplng them on for one
i B second, then the 4 LEDs light up in sequence. Note
31 // Select address 0011 =3 that in the binary pin selection number, the rightmost
32 digitalWrite (A_zero, HIGH); digitalWrite(A one, HIGH); e . T

33 digitalWrite (A_two, LOW); digitalWrite (&_three, LOW): dlglt IS SO’ the penUItlmate dlglt IS Sl! etC

34 delay(l000) ;

35
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27,8971 RH=41.52 % 100254 .88 Pa 271,00 lux
T e O L LTS L0 16708 Scved 43482154
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SENSORS USED:

TEMPERATURE (Celsius)
RELATIVE HUMIDITY (%)
PRESSURE (Pa)

Brightness (Lux)

MQ-3: Alcohol

MQ-4: CH4 methane, natural gas
MQ-5: LPG, natural gas

MQ-6: LPG, iso-butane, propane
MQ-7: CO

MQ-8: Hydrogen H2

MQ-135: Ammonia NH3, NOx, alcohol, benzene, fumes, CO2, etc.
AIR-Q (MP-503): Alcohol and fumes

HCHO (WSP2110): Organic gases, toluene, benzene, methanol
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The instrument can operate either through an external power supply (9V or 12V), to be connected to the red
socket "9", or using a normal portable USB powerbank. In case of USB power supply, both sockets "7" and
"8" must be connected to the powerbank (one powers Arduino and the other one powers the sensors board).

1: ON/OFF: (when using 9V or 12V power supply)

2: RESET button: to restart the measurement log on a new file (an incremental number filename is
automatically assigned).

3: Data log ON/OFF: enables or disables data writing to file. Data writing can be enabled and disabled
several times during the measurement, without the need to reset the instrument. Data will be appended to
the current file when the option is enabled.

4: FAST / SLOW capture: Changes the data sampling period. When the mode is SLOW the numerical
values of each sensor are written to the display, each cycle, when the mode is FAST only the graph is
updated.

5: Select (a) sampling from all gas sensors plus Temperature, Relative Humidity, Pressure and Brightness,
or (b) Temperature, Relative Humidity, Pressure and Brightness only. Only the saved data are shown in the
graph.

6: Turns ON or OFF the forced air circulation fan.

7: Arduino USB power supply and connection to PC (only for programming)

8: USB sensor power supply. Use 7 and 8 together to power from battery pack

9: Red power socket: 9V or 12V power supply
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The measured data is saved on the SD card, in text format, which can be imported directly into Excel. When
the software is switched on, it checks the correct functioning of the system components. In case "sensor error"
is shown, the sensor card is probably missing power supply ("8") and is being powered via USB. In case of
using socket "9" (not USB) both USB cables can be removed. The current size of the SD and the name of the
log file are also shown when the power is turned on. Each time the power is turned on, the number associated
with the data saving file name is increased by one, starting with the number of the last file saved previously.
Empty the card to restart the numbering from scratch.

ensorial acquisition device. Ur 1.8
9 Paolo Guidorzi

=——e SYSTEN. CHECK ===

0K display!

0K adsi11d (A<D Converter)!
OK TSLeoel (Light sensord!
OK RTC (Real Time clock)!
OK BME28G (py T, RH) sensor!

Unix time: 1486932860

Initializingnﬁg card...

Card tupe:
Uolume type is FAT32

Uolume size (Mbytes): 3476
card initialized.

filename: LOG_065,CSU
Logging to: LOG_BE5.CSV

Starting acouisition

Note: the measured data of Temperature, Relative Humidity, Pressure and Brightness are represented by the
correct value. The data from the gas sensors require calibration depending on the type of sensor and also on
the current temperature and humidity, following the specifications in the datasheets of the individual sensors.
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4
5
&

LT[ i}

#include <5PI.h>

#include "Adafruit GFX.h"
#include "Adafruit HX8357.h"
#include <Wire.h>

#include <Adafruit ADS1015.hc
#include <Adafruit_Sensor.ho
#include <Adafruit EMEZS0.hx
#include "BETClib.h"

#include <3D.h>

#include <Adafruit TSLISE1_U.l>

RTC_D51307 rte:

Adafruit ADS1115 adslll5i0x48); // Construct an adslll5 at the default address: 0x48
'/ Pin del TFT

#define TFT_C5 9

#define TFT_DC &

#define TFT_RST 7 // EST can bhe set to -1 if you tie it to Arduino's reset
Adafruit H¥8357 tft = Adafruit HX8357(TFT_C5, TFT_DC, TFT_R3T):

. #include of libraries for the used
- digital sensors.
S3dFile root; o0 - o

Initialization of sensors and
devices (ADC, Graphic display,...).

#define SEALEVELPEESSURE_HP4A (1013.25)

Adafruit BMEZE0 bme; // IZC
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12 int InitialDelays=200:
char sensorPrintout[Z0]; -

5 J/ char array to print to the screen o
- 13 int scendigiu=18;

2 float Voltage;

- ar Fi - "1An Fetre
9 intlé t ade0,adel; 75 rchar filename[ ] LOG_0o0. Ccsv":

40 =
41  #define black 0000 rE: o, o, o ox/ 77 GHtring sensorVall,oldsensorVall="";
42 #define navy 0x000F P o, o, 1zg »/ 78 String Orologio;
43  #define darkgreen 0x03E0 o, 1zs, o */ 79 String Ammo,Mese, Giorno,Ora,Minuto,Secondo,Unix;
44 #define darkcyan 0:x03EF i* o, 1z28, 128 */ 8 int Switch0,Switchl,Switchl:
45  #define maroon 0x7800 J* 128, o, o g
4z #define purple 0=780F J* 128, o, 1zg *
47  #define olive 0x7BED J* 128, 128, o*
45 #define lightgrey 0=xCels J* 182, 192, 192 *
45 #define darkgrey 0= 7BEF J* 128, 128, 128 */
50 #define blue 0x051F i a, 0, 255 */
51 #define green 0x07ED i o, 255, o *y
52 #define cvan 0=07FF P o, 255, 255 */
i #define red 0=Fa00 J* 255, o, o */
54 #define magenta 0=F8lF J* 255, o, 255 */
55 #define yellow 0xFFED J/* 255, 255, o *y
56 #define white 0xFFFF J/* L85, 255, I55 */
57 #define orange 0=FDZO J* 2585, l&5, o */
58 #define greenyellow 0=AFES J* 173, 255, 47 */
59 #define pink 0xFalF
e0

£l const int chipielect = 10;

&2 File logEile; Definition of variables and
g4 /) address multiplexer ConStantS

£5 int A zero = I}
EE int A_one = 3:
£7 int A two = 4;
£8 int A three = 5;

70 Adafruit TSLZS5E1 Unified tsl = Adafruit TSLZ561 Tnified(TSLI561_ADDR_LOW, 12345):
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0id setup() {

tEt.begin(HXB357D) ;
tft.setRotationil);
tft.fillScreen(black)
tft.zetlurscr (0, 0);

tft.setTextlColor (greenyellow) ;

tft.getTextiize(l)

tft.println ("DANTE - Electronic multisensorial accquisition dewvice. Vr 1.07);
tft.println("Designed and engineered by Paclo Guidorzi™):

tft. printin("paclo. quidorzifunibao. it™);

tft.printlng) ;

tft.zetTextlolor (white) ;
tft.println(”---- 3YSTEM CHECE ----"):

tEt.printin ("0K TFT display!™):
delav(InitialDelays):

String oldsensorVall="":;

" Initialize adslll5 ADC

adslll5. begin ()
adslll5.setGain (GATN ONE) ;

if (! adslllS.getGain()==GAIN ONE) [ tft.printlni("Error ADC adsll1l57): }

else { tft.println("0E adslll5 (A/D Conwverter)!™): } Setup Sensors and Varlables
delay(InitialDelays) ; Initialization

{ Sensore Luminosita'

Initialise the sensor
ifj'tsl.begin()) { tEt.print("Could not find a walid TS5LZ5el1 sensor!™):}
elze | tEt.println("0E TSLISE1 (Light sensor)!'™); }
delay(InitialDelays):
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132 A% Tou can also manually set the gain or enable auto-gain support */

133 { tsl.setGaini(TILI5SEl GATIN 1X); S* Mo gain ... use in bright light to aveoid sensor saturation */
134 { tzl.zetGainiTSLI56l_GAIN 1eX): S* 1lex gain ... uze in low light to boost senzitivity */

135 tsl.enableAutoFRange (trus) * Auto-gain ... switches automatically between lx and 1&x

136

137 /* Changing the integration time gives you better sensor resolution (40Zms = le-bit data) */

138 / tsl.setIntegrationTime (TSLI2561_ INTEGERATIONTIME 13M3); /* fast but low resolution */

138 tzl.setIntegrationTime (TSLZ56]1_INTEGRATIONTIME 101MSZ): /% medium resolution and speed */

140 ¢ tal.zecintegrationTime (TSLISE1_INTEGEATIONTIME 40ZM3): /* lE-bit data but slowest conversionz */
141

142 /4 BTC (orologio)

143 if (! rte.begin()) { tfc.println("Couldn't find BTC!™); }
144 elze | tft.println("0E BRTC (Eeal Time clock)!™): 1
145 delay(InicialDelays) ;

l4eg

147 /7 BEGOLA OROLOGIO - tenere disattivato e non per regolare
1458 Js/rtc.adjusc(DateTine (_ DATE_ , _ TIME_ )):

145

150 f/ Sensore p, T, FH

151 if ('bme.begin()) {

152 tft.println("Could not find a walid BEMEZED sensor!™);
153

154 tfc.printlon(™™);

155 tft. zetTextiize (2);

158 tit.setTextColor (red,yellow) ;

157 tfc.println(” "

158 tft.println(™ --- WARNING: SENSOE BOARD FAILURE --— ") : Setup: sSensors and Variables

155 tEt.princln(™ "y

160 delay(5000) ; Initialization

lEl tft. setTextiize (1) ;
lg2 tft. setTextColor (white)
£3 }

lgd else { tftC.println("0K BMEZE0 (p, T, BH) sensor!"); }
15 delay(InitialDelays):
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int Switch 0= analogBRead(i3);
tft.printlniiwitch_0);
tft.print("Unix time: ");
DateTime now = rtc.now();
tft.println(now.unixtime () ) ;

'/ 5D

tft.print({™ nlnitializing 5D card...™);
pinMode (53, OUTPUT) :
delay(InitialDelays):

if {!'card.init({3PI_HALF SPEED, 10, 11, 12, 13)) {
tft.println("initialization failed. Things to check:™):
tft.println(™* is a card is inserted?™);

}

delay(InitialDelays)

J4 print the type of card
tEt.print({™ \nCard type: ");
switch(card.typel()) |
case 3D_CARD TYPE 35D1:
tEt.println("sD1l™) ;
break:
case 3D_CARD TYPE 35DZ:
tEt.println("sDIZ™) ;
break:
case 3D_CARD TYPE SDHC:
tEt.println("SDHC™) ;
break:
default:
tft.println("Unknown'™) ;

}
delay(InitialDelays):

Setup: sensors and variables
Initialization
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0l S8 Mow we will try to open the 'wvolume'/'partition' - it should be FATLIE or FAT3Z
znz if ('wolume.init({card)) |
03 tft.println("Could not find FAT1E/FAT3IZ partition. 'nMake sure you'we formatted the card™);
04 tft.println("You cannot run the software without 3D Card™);
Z05 if (Switch_0-500) {while(l) { }:}
Z0e }
o7
z0ns /4 print the type and size of the first FAT-type wvolume
208 uintiZ_t volumesize;
Zlo tft.print (" nVolume type is FAT™);
Zl1 tft.princln(volume. fatType (), DEC) ;
Z1z tft.printin() ;
Z13
Zl4 volumesize = volume.blocksPerCluster(): J4 clusters are collections of blocks
Z15 volumesize *= wolume.clusterCount(): f4 we'll have a lot of clusters
216 volumesize *= 512 S/ 5D card blocks are always 512 bytes
z17 volumesize /= 10Z24;
218 tft.print ("Volume size (Mbytes): "):
18 volumesize /= 10Z4;
220 tft.println{volumesize) ;
221
222 root. openFoot (volume) ;
224 /4 list all files in the card with date and size
225 ff root.ls(L5 B | L3 DATE | L3 SIZE):
227 S msee if the card is present and can be initialized: Setup Sensors and Varlables
ZZ8 if i!'5D.beginglo, 11, 12, 13)) { N1t 1 1
229 tft.println("Card £ailed, or not present’™); Inltlallzatlon
230 f/ don't do anything more:
23 JSfreturn;
232 }
233 tft.println("card initialized.™);

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




[ 0T S T S B S A )

La
da s L
= O

ra

24z
43
244
45
248
47
248
248
250
251
252
253
54
255
58
257

58

| S0 3 ]
i i Tothodn
Wy = O W

]
e

i
-1 "

L R0 N G T S T T N G O A O O o I
p M h O M O O R O
oo

ra
-] =]
= O

)\ MEASUREMENTS WITH ARDUINO

The "electronic nose" - Integrated multi-sensor platform based on Arduino

page 150

......

f/ crea il nome f£ile LOG XYZ. TSV
for (uint8_t i = 0; 1 < 1000 i++) {
sprintf(filename, "LOG_%03d.C5V", 1):
tEt.print(™.");
if (' SD.existz(filename)) {
S/ only open a new £ile if it doesn't exist
logfile = SD.open(filename, FILE WRITE):
break; '/ leave the loop!
}

f/ appena non esiste un file con numero XYZ, lo

cfc.princlng™™) 2
tft.print("filename: ") ;
delay(InicialDelays)

tft.printlnifilename) ;

if ! logfile) {
tft.printlni"couldnt create £ile'):

}

tft.print ("Logging to: "):
tfc.printinifilename) ;
delavy (1000} ;

Anmo=Stringinow.year());

Mese=5Stringinow.monthi)); if (Mese.colntc()«<10) { Mese="0"+Mese;}
Giorno=String(now.day() ), 1f (Giorno.tolnt()<l0) { Giorno="0"+Giorno;}
Ora=5Stringinow.houri)): if (Ora.tolnc(j<1l0) { Ora="0"+0ra;}
Minuto=String(now.minute()); if (Minuto.tolnt({)<l0) { Minuto="0"+Minuto;}
Secondo=String(now.second()); if (Secondo.tolnt()<l0) { Secondo="0"+3econdo;}
Tnix=Stringinow.anixtine () )

Orologio=Anno+"/"+Mese+" /"+Giorno+"” "+0rat+”:"+Mimato+": "+5econdo+” "+Unix;
sensorVall = String()+ "
Orologio=0rologio+sensorVall;

logfile.printlniOrologio) ;

JeENera

T= "+bme.readTenperature (j+" 'C  FH= "+bne.readHumidityi)+"

Name assignment of the
LOG file, with filename
progressive numbering

Setup: creation of the LOG file
and saving of the first line. The
"flush()" command forces the
writing, thus creating the file

"+bue.readPressure|j+" Fa "

logfile.println ("YYVT/MM/DD HH:MM: 535 UNIXTIME## TT.00 FH.OO0 PEESSI.00 NOISE LW.00 0.3ENS0R0L 0. 5ENSOR0Z 0.35ENS0OR03 0. SENSOF

logfile.flushi);
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273 /7 Multiplexer 310  // Sensore 2
274 pintlocde (A_zero, OUTPUT); the digital pin "4 zero™ as output 311 tft.zetlfursor (2, scendigiutE+I2+8*2);
275 pintlode (A_one, OUTEPUT) : the digital pin "4 one' as output 317 tft.setTextColor (black,cyan);
278 pintlode (A_two, OUTEUT) : the digital pin "A two" as output 313 tft.princ{"M35 LPG I=cBu "):

a7 pinMode (A three, OUTPUT); the digital pin "4 three” as output 314 tft.setfursor (2, scendigiutE+IZ+8%3) ;
o7a 315 tft.print("val "y
279 delay(3*InitialDelays): 116
zao I .
- 317 /) Sensore 3
LT =1 H -
Al Lft.setTextdlze(2): 318 tft.setfursori2, scendigiutlI+Iz+axd):
S i ey
::: EEE'LLigtlté lJ'i - 319 tft. zetTextColoriblack,red) ;
283 .getTextColor (pi : - _ e e .
32 tft.princ("Aird CO Solw 1
284 cft.print("Starci fuigicion™): - . L
- : 1Ll$ { ; ?r Tnglac?ulﬂl ion™) 32 tft.zetlfursor (2, scendigiutlZ4+22+8%5);
z8 tft.getTextColor (white) ;
322 tft.printi"Val "
286 delayv(Z*¥InitialDelavys); S ! [ :
287 tft.setTextSize(l): e
e 324 Sensore 4
289  // preparazione schermata di acquisizions = tft.setfursor(, scendiglutlB+2ZHBAE) ;
290 tft.fillScreen(black): // pulisce schermo inE tft.setTextlolor (black,magenta) ;
2491 tft. setTextWrap (false) =7 tit.print("HCHD Form Solw ™) ;
nga 328 tft.setfursor (2, scendigiuv+l8+ZZ48%7)
283 tft.drawline(0,8,480,8,red) ; 329 | tft.print("Val "
284 tft.drawline (0,18,480,18,zed) ;
245

298 tft.drawline (0,19,480,19,lightgrey) ;
297 tfc.dravline (0,260,480,280, lightgrey) ;
288 tft.drawline (95,19,95,319, lightgrey) ;
289 tft.drawline (0,19,0,3159, lightgrey) ;

300 tft,drawline(0,319,479,319, lightgrey) ; Creating the Skeleton Of the

301 tft.drawline (478,19,478,315, lightgrey) ;

302 display graphic
303 /Y Sensore 1

304 tft.setlursor (2, scendigiut2Z);

305 tft.setTextlolor (black,green) ;

306 tft.print("MJ135 NH3 Nox "):

307 tft.seclfursor (2, scendigiutIZ+8*l);

308 tft.print("Val "y
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Jf Temperatura

tft.zecCur=zor (2, 10042Z248%18);
tft.setTextColoriblack,ed) ;
tft.print ("Tenperatura (C)™)

tft.setlursor (2, scendigiutZd+2248%8) ;2
tft.setTextlolor (black,yellow)
tft.print("M04 GCN CH4 LNG™):
tft.zetlur=sor(2, scendigiu+Z44+2Z248%9);
cft.print("vVal
tft.zecCur=sor (2, 10242248%19);
tft.setTextlolor(black,cyan) ;
tft.seclursor (2, scendigiut304+ZZ48*10); tft.print (" midita’
tft.setTextlolor (black ,white) ;
tEt.print ("MQ8 HZ alc.
cft.zecfursor(2, scendigiu+30+2Z248%11) ;
tft.print("Val

tft.zecCur=zor (2, 1044ZZ48%Z0);
tft.setTextColor(black,green) ;
tft.print("Pressione

tft.zeclur=sor (2, scendigiut3e+IZ+8*%12);
tft.setTextlolor (black, orange) ;
tft.print("MJg LPFG But Prp™):
tft.setlursor (2, scendigiut3e+2Z24+8%13);
tft.print|("Val

{ Inminosita'
tft. zecCursor (2, 106+4+2Z248%I1);

tft.setTextColor(black ,,nagenta) ;
tft.print("Illumin.

tft. setCursor (2, 10B+Z2Z48*22);
tft.setTextColor(black,yellow) ;
tft.print("FPumore

cft.zecfursor(2, scendigiu+dZ+2248%14) ;
tft.setTextlolor (black, greenyellow) ;

tft.print ("MQ7
tft.seclursor (2, scendigiutdZ4+I248*15);
tft.print|("Val

Creating the skeleton of the
display graphic

tft.setlfursor (2, scendigiut+d84+IZ48*1E)
tft.setTextlolor (black,blue) ;

tft.print("MJ3 alcool
tft.zeclur=sor (2, scendigiutd84I248%17);
tft.print("Val

END of SETUP sketch part
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boolean datalogging,ratefastslow,ambientegas;
intlé_t =Pos = S&;
intlé_t wPos;

boolean scrivivalori=true;
intlé_t lumin;

intlé_t pressio;

intlé_t temper;

static float £ val = 123.87594;
static char outstr[l5]:

float sensl,sensZ,sens3,sensd,sensh, senso,sens’, sensd, sensd;
String sensl3, sensii, sensi3s, sensdl, senshs, senses, sens75,3ens85, 3ens595;

intlé t DatiScrittiSusDh = 0O;
vold loop (void) |

SENSOrS_event_t event;
tsl.getEventisevent) ;

DateTime now = rtc.now();
tft.zetlCursor (0, 0);

Anmo=String (now.yearil) s

Mese=String(now.monthi)); if (Mese.tolnt()<10) { Mese="0"+Mese;] [)63(:|61r61ti()r] ()f SSCJrT]EE \/EiriEik)IEBSS
Giorno=Stringinow.day()); if (Giorno.tolnti)<l0) { Giorno="0"+Giorno;} and Start Of the LOOP part

Ora=Stringinow.houri)); if (Ora.tolnt()<1l0) { Ora="0"+0ra;}
Minuto=String(now.minute()); if (Minuto.tolnti{)<10) { Mimato="0"+Minuto;}
Secondo=Stringinow.second() ) if (Secondo.tolntii<10) { Secondo="0"+3econdo:}
Tnix=5String(now.unixtime());

Orologio=" "+inno+"/"+Mese+” /"+Giorno+" - "+0rat+":"+Minuto+": "+3econdo;
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r

sensorvall = String(i+ " T="4bme. readlenperature | j+"'C FH="4+bme.readHumidity|i+" % "+bme. readPressure )+ Pa :
Orologio=0rologio+sensorVall:

if (ewent.light) {
Orologio=0rologio+event. light+™ "+"1lwc "
lunin=event. light:

}:

if (scrivivalori==trus) |
tft.getTextiize(l) ;
tft.setTextlColor (white,navy) :
tft.printi{Orologio) ;

}

if | bme.readTemperature (1120 || bune.readHumidity(i==0)

tft.secTextiize(2) ;

tft.getTextlolorired,yellow) ;

tft.setCursox (0, 100):

tft.println(™ i
tft.println(™ --- WARNING: SENSOF EOARD FAILURE --- ");
tft.println(™ i
tft.getTextiizeil)

Writing the first line in the
e meivet wiath()-3) | display (temperature, humidity,
#Pos=96; pressure, time,...)

tft.fillRect(96,20,382,239,black) ;
tft.fillRect(96,261,382,58,black) ;
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f Sensore 1

'/ Select address 0000 =0

if (ambientegas==tru=s) {
digitalWriteid gero, LOW);digitalWrite(d one, LOW);digitalWrite(d two, LOW);digitalWrite (A three,LOW);
adcl = adslll5.readADC SingleEnded(0) ;
dtostrf{adc0*4. 0% /32768,10, 8, outstr):
gensli=outstr;
if (gerivivalori==trus) |
tft.setTextColor (black, green) ;
tft.zeclursor (2, scendigiu+iZ4B*1);
tft.printistringij+"V= "+outstr):
}
tft.fillCircle(xPos,2e0-adc/137, 1, green) ;
} el=se {Sensls="":}

/ Sensore 2

f Belect addreszs 0001 =1

if jambientegas==trus) {

digitalWeiteid zero, HIGH);digitalWrite(A one, LOW):digitalWeite(d two, LOW);digitalWrite (A three,LOW):
adcl = adsllls.readADC SingleEnded(0) ;

dtostrf{adc0*4.0%8/32768,10, 8, outstr):

Zens_i=outstr;

Lf (scrivivalori==true) | Acquisition of data from the
tft.getTextColor (black, cvan) » . ..
tft.zetlurzor (2, scendigivtE+2248%3) Varlous gas SenSOI'S, ertlng the
ft.printi{String V= "4outstr) ; - .
[ Treese value on the display (if the

T L e o 20T aeD /AT L ey option is enabled) and graphic

plot
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e
3

'/ Select address 0010 =Z

if (ambientegas==tru=s) {
digitalWriteid zero, LOW);digitalWrite (A one, HIGH);digitalWrite (& two, LOW):digitalWrite (& three, LOW):
adcl = adslll5.readADC SingleEnded(0) ;
dtostrf{adc0*4. 0% /32768,10, 8, outstr):
gens3i=outstr;
if (gerivivalori==trus) |
tft.setTextColoriblack,red) ;
tft.zeclursor (2, scendigiu+l24+ZZ48%5);
tft.print{String( ) +"V= "4+outstr) ;
}
tft.fillCircle(xPos,2e0-adc/137,1,xed) ;
} elzse [s3ens3s=""":}

ensore 4

‘foSelect address 0011 =3

if jambientegas==trus) {

digitalWrite (& zero, HIGH);digitalWrite(A one, HIGH);digitalWrite (A_two, LOW):digitalWrite (i three, LOW);
adcl = adsllls.readdDC SingleEnded(0) ;

dtostrf{adc0*4d.05%8/32768,10, 8, outstr):

gensdi=outstr;

if (scrivivaleri==true) { Acquisition of data from the
tft.getTextlolor (black  magenta) ; . ..
tft.zetCurzor (2, scendigiu+l84+IZ48%7) VarIOUS gaS SenSOI'S, ertlng the
:ft.lentiatLlngi]+ J= "+outatr) \/Ei|lJEB on tr]ea (jif;F)IEi)/ (if tf]EE

tft.fillCircle(xPos,260-adec0/137, 1, nagenta) ; ()F)ti()r] is; EBT]Eit)lEB(j) Eif](j g;rzir)t]i(:

} slze {zens4d4s="":}

plot
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'/ Sensore §
'/ o Select address 0l00 =4

if (ambientegas==tru=s) {
digitalWriteid zero, LOW);digitalWrite (A one, LOW);digitalWrite (A two, HIGH):digitalWrite (& three, LOW):
adcl = adslll5.readADC _SingleEnded(0) ;
dtostrf{adc0*4.0%e/32768,10, 8, outstr):
gensSi=outstr;
if (gerivivalori==trus) |
tft.getTextColor (black,vellow) ;
tft.zectlursor (2, scendigiu+Zd4ZZ248%9);
tft.printc{String( ) +"V= "+outstr) ;
}
tft.fillCircle (xPos,2e0-adc/137,1,vellow) ;
} slse [s3ensss=""":}

f Gensore £

'/ Select addreszsz 0101 =5

if {(ambientegas==trus) |

digitalWrite (A zero, HIGH):;digitalWrite({A one, LOW);digitalWrite (A _two, HIGH) :digitalWrite{A three, LOW):
adcl = adslll5.readADC SingleEnded(0);

dtostrf{adc0*4d.05%8/32768,10, &, outstr):

Fensoi=outstr;

if (scrivivaleri=strue) { Acquisition of data from the
tft.setTextlColor iblack,white) ; . ..
tft.zetfursor (2, scendigiu+304+IZ4+8%11) ; VarIOUS gaS SenSOI'S, ertlng the
Eft.lentiatLlngi]+ 7= "+outstr) \/Ei|lJEB on tr]ea (jif;F)IEi)/ (if tf]EE

tft.fillCirele{xPos,260-ade0/137,1,white) ; option iS enab|ed) and graphic

} else {sense5="";}

plot
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555 /S Sensore 7
558 J/ Select address 0110 =g
557 if (ambientegas==tru=) {
558 digitalWrite (A zero, LOW);digitalWrite (& one, HIGH):;digitalWrite (& two, HIGH):;digitalWrite (4 three, LOW):

558 adcl = adslll5.readdDC_SingleEnded(0) ;
el dtostrfiade0*d, 089 /32768,10, 8, outstr):

SEl zens S=outstr;

SE2 if iscrivivalori==trus) |

B3 tft.setTextlolor iblack,orange) ;

Se4d tft.zetfursor (2, scendigiut3e+IZ4+E8%13);
SE5 tft.printiSteing i )+"V= "+outstr):

See }

587 tft.fillCircle(xPos,2e0-adc0/137, 1, 0range) ;
Leg } =l=e [8ens75="":}

59

570 /S Sensore B

571 4/ Select address 0111 =7

572 if jambientegas==trus) {

573 digitalWrite (A zero, HIGH);digitalWrite (A one, HIGH):;digitalWrite (A _two, HIGH);digitalWrite (A three, LOW):

574 adcl = adslll5.readdDC SingleEnded(d) ;

575 dtostrfiade0*4d,.088/32768,10, 8, outstr):

576 sensfS=outstr;

277 if (serivivalori==true) | Acquisition of data from the
578 tft.getTextColor iblack, greenyvellow) . ..

5749 tft.zetlurzori(2, scendigiutdl4+I2248%15) ; various gaS SenSOI'S, ertlng the
P e P el . . .

:;f T;ft.l_]_lntl:._-t]_ln:rl::|+ V +outstr) ; Value On the dISplay (lf the
:z: }t,f1l;.fitlﬂir;;e(KPTS;ZED—adCD:’lST,l_,n:_rreenyelluv]; option iS enab|ed) and graphic
83 else {3ensf83="";

plot
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'/ Sensore 9

/ Select address 1000 =8
if (ambientegas==tru=s) {
digitalWriteid zero, LOW);digitalWrite(d one, LOW);digitalWrite (A two, LOW):;digitalWrite(d three, HIGH):
adcl = adsllls.readADC SingleEnded(0) ;
dtostrf{adc0*4. 0% /32768,10, 8, outstr):
gens95=outstr;
if (gerivivalori==trus) |
tft.setTextlColoriblack,blue) ;
tft.zeclursor (2, scendigiu+d84+Z248%17)
tft.printistringij+"V= "+outstr):
}
tft.fillCircle(xPos,2e0-adc/137,1,blue) ;
} sl=se {SensS5="":}

4 End maultiplexing

4 Gelect addressz 0000 =0
digitalWrite (A zero, LOW):;digitalWriteiA one, LOW);digitalWrite(A two, LOW):;digitalWrite (A three, LOW):

S Temperatura

tenper=hme. readlenperature () ;

[ (remereds) (| temperls:) Acquisition of data from the
1 emper EMpPEE= H o " .

tft.fillCircle (xPos,318-temper,l,red) various gas sensors, ertlng the
) il value on the display (if the
tft.fillCircle(xPos, 318-bme.readHumidity()/1.67 ,1,cvan): option iS enab|ed) and graphic

plot
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f/ Prezszione

pressio=bme.readPressure()-101325;
if (pressio<l) { pressio=l;}
if (pressio»58) | pressio=58:}

tft.fillCircle (xPos,318-30-pressio/l,l, green) ;

f/ Luminosita’

if (lumin>5800) {lumin=5800:}
tft.fillCircle(xPog,318-1umin/50,1  magenta) ;

/4 Faumore

adcl = adslll5.readADC SingleEnded(l);
tEt.£illCircle(xPog,320-adecl/580,1,vellow) ;

/ leqgge interruttori

switch0= analogFead(al):

if(Switch0>512) |

datalogging=true;
tft.setCur=scr (0, 10);
tft.setTextlColor (black,red);
tft.print (™ DATA LOG: QN "):

}

else

{

datalogging=fal=e;
tft.zetlur=ori0, 10):
tft.getTextColoriblack,vellow) ;
tft.printi™ DATA LOG: OFF "):

E50
£51
E52
£53
£54
£55
B5EB
E57
£58
£59
gel
661

dwitchl= analogRead(al); .
if(Switchl>512) | _1
ratefastslow=trus; GEE
socrivivalori=true; R

tft.=setlursor (100, 10); ??;

tft.setTextlolor (black, cyan) ; ;;:

tft.print(” SLOW/SHOW VL "); "u
} f%l
glse R
(
ratefastslow=~Lfalze; 74
serivivalori=£false; 75

tft.=setlursor (100, 10); R
tft.setTextlolor (black, orange) ;
tft.print (™ FAST/PLOT OFT"):

switchi= analogFead (AZ)
if(Switchi>51Z) |
anbientegas=trie;
tft.zetCurs=or (194, 10);
tft. getTextColor (black , magenta) ;
tft.print(™ CAPTUEE: GAS + Amb "):
}
else
{
ambientegas=~falze;
tft.zetCursor (194, 10);
tft.setTextColor (black,orange) ;
tft.printi™ CAPTURE: T,BH,p,L "):

Graph of the values from the
other sensors. Reading of the
switches to enable the various

options
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tft.=zetCur=or (322, 10);
tft.getTextlColor (white navy) :
tft.printiStringii+filenamne+” Saved:"4+DatiScrittisusD) 2

if j(datalogging==trus) {

Jrologio=Ammo+"/"+Mege+" /"+Giorno+" "+0ra+": "+Minuto+": "+3econdo+” "+0nix:
sensorVall = Stringi()+ " "+4bme,readlemperature )+ +bme, readHumidity i)+
Orologio=0rologio+sensorVall:

Orologio=0rologiot+event. light+" 7;

oo oo

+bme, readPressure {1+ "4adcl+” ":

logfile.printiOrologia) ;
if jambientegas==trus) {
logfile.println(sensl3+" "+sensi5+" "+s5ens354+" "+sensdS+" "+sensS54+T "+sense54+" "+sensTi4 "+sens854+" "+sens8s )

} slzse {logfile.printlng™™);}

DatiScritcisusD++;
logfile. flushi):

Writing data to SD (if the option
IS enabled)

END OF PROGRAM
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Some images and screenshots are taken from the site www.arduino.cc and other public domain or CC-BY-SA websites
These slides are licensed CC-BY-SA
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