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Introduccio a la Raspberry Pi. Diferencies amb Arduino.
Avantatges i inconvenients
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Sistemes embedded escala sofisticada

Serie IGEP (Dissenyada per Agusti Fontquerni al 2008 - www.somdevices.com)

https://en.wikipedia.org/wiki/IGEPv?2 https://en.wikipedia.org/wiki/BeagleBoard
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Sistemes embedded escala sofisticada

Raspberry Pi

https://en.wikipedia.org/wiki/Raspberry Pi
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Elements centrals de la Industria 4.0

Two Worlds coming together

ﬁ Physical world i Cyber-physical ‘ E Digital world ‘

Manufacturing process | Embedded Svst | Internet |
mbedded Systems

Material behavior | Service-oriented |

E-Simulation Simulation |
Automation \ v
% Semantics S
7 % Unique Identifier | 6‘?
9 Things | 8

Datacenter (Cloud)

Edge

“Closed” System “Open” System
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Imatges Raspberry Pi

C & raspbemypicom/software/operating-systems/ G e % 6O % I 0O o :

' Raspberry Pi

For home For industry Hardware Software Documentation News Forums Foundation

Operating system images

Many operating systems are available for Raspberry Pi, including
Raspberry Pi 0S, our official supported operating system, and
operating systems from other organisations.

Download:
Raspberry Pi Imager is the quick and easy way to install an operating Raspberry Pi 0S
system to a microSD card ready to use with your Raspberry Pi. Raspberry Pi 0S (64-bit)
Alternatively, choose from the operating systems below, available to Raspberry Pi 0S (Legacy)
download and install manually. Raspberry Pi Desktop
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Gravar imatge

2022-09-22-raspios-bullseye-armb4.img
2022-09-22-raspios-bullseye-arméd.img.xz

%2 Win32 Disk Imager — O X

Image File Device . %% Complete "N"MKF
|C:fUserstIserfEscritoriofEﬂEE—U9—22—raspios—bulls&ye—armﬁ.img | = |[I}:‘I.,] v| i

@l  Write Successful.

Copy [ ] MDS Hash: |

Progress i
T oo || oK

Version: 0.9.5 Cancel Read Write Exit o
12.7953MB/s
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Iniciar sistema

Demana config teclat, idioma i xarxa WiFi
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Accés remot

@ RasPi (raspberrypi): VNC Viewer - O X
ﬁ P p\@raspberryp\ ~ * "%‘\ 1128

ay

Fitxer Edita Pestanyes Ajuda

Raspberry Pi Software Configuration Toel (raspi-config)

t
Enable/disable remote command line access using SSH
Enable/disable graphical remote access using RealVNC
Enable/disable automatic loading of SPI kernel module
Enable/disable automatic loading of I2C kernel module

Serial Port Enable/disable shell messages on the serial connection

1-Wire Enable/disable one-wire interface

Remote GPI0D Enable/disable remote access to GPIO pins

<Select> <Back>
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Accés remot

< C @ realvnccom/en/connect/download/viewer/ c e % @» 0@ :
Support Engish ~
ReAaLvNC Products ¥ Solutions ¥ Pricing Download ~ Resources ¥ Sign In Free trial

Download VNC® Viewer

Download VNC® Viewer to the device you want to control from.

For the best experience install VNC® Server on the computer you want to control.

= ‘ &

Windows Raspberry Pi

EXE x86/x64 v -

Per poder accedir via VNC, els usuaris han de ser sudoers: sudo usermod -aG sudo a01
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Impacte del DiY en |la recerca

Published: 06 April 2017

The DIY electronics transforming research

Daniel Cressey

Nature 544, 125-126 (2017) | Cite this article

537 Accesses | 34 (Citations | 336 Altmetric | Metrics

Cheap, stripped-down microcontrollers are allowing users to pack huge amounts of
computing power into tiny spaces.

www.nature.com/articles/544125a
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Impacte del DiY en la industria
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Proveldors

www.diotronic.com
https://es.rs-online.com
https://es.farnell.com
https://www.mouser.es
https://www.digikey.es
WWW.amazon.com
www.aliexpress.com
www.industrialshields.com
https://rpilocator.com
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Diferencies, avantatges i inconvenients

«  Sistemes escala petita i mitjana
« Immunes als problemes de reboot
Molt robustos
Poc flexibles
«  Potencia de calcul petita

Sistemes escala sofisticada
« Sensibles als problemes de reboot
Flexibles
 Potents
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Instal-lacions i configuracions de la Raspberry Pi segons les
nostres necessitats
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Configuracions Raspberry (Hardware)

Raspberry Pi 3 B+ Raspberry Pi Zero WH Raspberry Pi Zero
')}

2019 Jun 24 2018 Nov 15 2018 Mar 14 2018 Jan 12 2017 Feb 28

US$35.00 US$25.00 US$35.00 US$15.00 US$10.00

Raspberry Pi A+ Raspberry Pi 3 Raspberry Pi Zero

2014 Nov 10 2016 Feb 29 2015 Nov 30 2015 Feb 1 2012 Feb 15
US$35.00 US$35.00 US$5.00 US$35.00 US$35.00
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Configuracions Raspberry (Software)

C' @ raspberrypi.com/software/operating-systems/ G © % O » = 0O o :
' Raspberry Pi
For home For industry Hardware Software Documentation News Forums Foundation

Operating system images

Many operating systems are available for Raspberry Pi, including
Raspberry Pi 0S, our official supported operating system, and
operating systems from other organisations.

Download:
Raspberry Pi Imager is the quick and easy way to install an operating Raspberry Pi 0S
system to a microSD card ready to use with your Raspberry Pi. Raspberry Pi 0S (64-bit)
Alternatively, choose from the operating systems below, available to Raspberry Pi 0S (Legacy)
download and install manually. Raspberry Pi Desktop
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Imatges del SO Raspbian

@ raspberrypi.com/software/operating-systems/#raspberry-pi-os-32-bit

(4]
Jol
B
%
(<]
»
I

Raspberry Pi 0S

Our recommended operating system for most users.

Compatible with: Raspberry Pi 0S with desktop

Release date: September 22nd 2022
System: 32-bit wnload
Kernel version: 515
Debian version: 11 (bullseye) Download torrent
Size: 894MB Archive
Show SHA256 file integrity hash:
Release notes

Raspberry Pi 0S with desktop and recommended software

Release date: September 22nd 2022

System: 32-bit
Kernel version: 515

Debian version: 11 (bullseye) Download torrent
Size: 2,700MB Archive
Show SHA256 file integrity hash:

Release notes

Raspberry Pi OS Lite

Release date: September 22nd 2022

System: 32-bit
Kernel version: 515

Debian version: 11 (bullseye) Download torrent
Size: 338MB Archive
Show SHA256 file integrity hash:

Release notes
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Connexid de periferics a la Raspberry Pi
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Raspberry model 4

Choice of RAM
|2GB| (4GB | [8GB]|

More powerful
processor

_ GIGABIT
ETHERNET
K\ USB 3

MICRO HDMI PORTS
Supporting 2 x 4K displays USB 2

Comissi6 Industria 4.0 — Enginyers de Catalunya




SSH (Secure Shell)

. https://ca.wikipedia.org/wiki/Secure Shell

* ssh -p <port> user@hostname/IP

 ssh permet
«  Sessions interactives (com Telnet, pero encriptat)
 Tunels inversos
« Transfeténcia d’arxius (Filezilla Client, com FTP perd encriptat)

« El port per defecte es el 22, tant per sessions interactives com per
transferéncia d’arxius.

Comissi6 Industria 4.0 — Enginyers de Catalunya


https://ca.wikipedia.org/wiki/Secure_Shell

Tunels inversos (1)

«  Cal I'ajut d’un tercer ordinador, normalment al nuvol.

«  Sistemes economics disponibles al navol: Els VPS (Virtual Private
Server) son Infraestructura as a Service (IAAS)

. Proveidor més important d’'Europa d’lAAS: OVH

. WWW.0vh.com

« Cal habilitar el tunneling al SSH del servidor:

« A /etc/ssh/sshd_config habilitar GatewayPorts yes
* Reiniciar el servei: sudo systemctl reload sshd.service
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Tunels inversos (I1)

. Per a crear el tunnel invers.

ssh -N -f -R vps656540.ovh.net:2222:127.0.0.1:22
a65@vps656540.ovh.net

 Per aaccedir a la Raspberry:

ssh -p 2222 vps656540.ovh.net
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Introduccio basicaa GNU / Linux
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Linux (Command Line)

. Distribucions Linux (https://en.wikipedia.org/wiki/Linux distribution)

« Gestors de paquets: Aptitude (apt-get install <programa>)

. Tutorial Linux commands:
https://kalitut.com/raspberrypi-command-line

. Debian Cheat Sheet:
https://www.linuxtrainingacademy.com/linux-commands-cheat-sheet

. Editors nano, vi
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Maneres de programar una Raspberry Pi (Python, BASH, C++,
Qt)
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Programacio amb Raspberry Pi

Python (Pi: Python Interpreter)
« Bash (Shell scripts .sh, Shebang #!/bin/bash)
. C++

https://www.onlinegdb.com

« Qt (QML - https://gmlonline.kde.orq)

https://replit.com/lanquages/python3

* Node.js
« Node-RED
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Programacio amb Node-RED

 Condepte de Low-Code
* Node-RED (Iniciativa d’'IBM, basada en Node.js — www.nodejs.orq)

Q)

Run locally On a device In the cloud
® Getting started * Raspberry Pi ¢ |BM Cloud
* Docker * BeagleBone Black ® SenseTecnic FRED
* Interacting with Arduino * Amazon Web Services
* Android * Microsoft Azure
* FlowForge
& NPS
Edge Cloud

www.nodered.orq
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Automatitzacid de processos amb la Raspberry Pi
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crontab

Programador de tasques
. Consultar: crontab -l
. Editar: crontab -e

Rango
1-311-

M Enero = 1, Febrero = 2, Marzo = 3, Abril = 4, Mayo = 5, Junio = 6, Julio = 7
es Agosto = 8, Septiembre = 9, Octubre = 10, Noviembre = 10, Diciembre = 12

Dia del mes

Hora
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Comunicacio interprocessos

 Els protocols de la IoT es poden utilitzar per a intercomunicar

processos
. HTTP
. curl

. Browsers

. Combinacié crontab — curl = Node-RED
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Comunicacio entre la Raspberry Pi i I'Arduino
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Arquitectura de capes OSl de la ISO

OS| Example for Ethernet Media - TCP/IP STACK

ost Layers

H

ETHERNET, XDSL,
PPP — EAP,..ETC

Media Layers
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Comunicacio Raspberry Pi

 Els protocols de la IoT es poden utilitzar per a intercomunicar
I’Arduino i la Raspberry Pi

Arquitectura RAMI 4.0
 Nivell 2 OSI (Modbus, CAN Bus, Serial, 12C...)
* Nivells 3-4 OSI

« TCPI/IP
e  WiFi
. Cable

* Nivells 5-7 OSI (MQTT, HTTP)
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Raspberry Pi com a dispositiu I0T. APIs de serveis en el nuvol
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Concepte de Passarela loT (loT Gateway)

«  Formalitzacio del conceptes de cloud i edge
* Arquitectura IIRA
« Cloud amb VPS
« Edge amb Raspberry Pi

«  Conversio de protocols

* Node-RED com a eina
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Nocid de nuvol. Cloud | Edge computing

Not an 14.0 component Examples of 14.0 component

Administration shell < Administration shell <

Unk Asset, e.g. Asset, e.g.
(hnommous)] RS machine + terminal block (RAMI 4.0)
(Individually k"em; _k i IEC PAS 63088

Administration shell Administration shell <

R 2 N

( Asset, e.g.
standard SW

1 = Interface / data formats L J L J
Ry complianton (Asset provides access (Higher-level system
to administration shell) provides access to
administration shell)

' Asset, e.g.
electr. axle<¢

14.0-compliant communication = IEC
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Nocid de nuvol. Cloud | Edge computing

Safety: Proteccid de les persones del sistemes Security: Proteccio dels sistemes de les persones

Administration shell ¢ Administration shell ¢

Ve N
Asset, e.g.
machine ¢

Administration shell ¢

“Asset, eqg.

terminal block
Intelligence
creation

Administration shell ¢

14.0 Components o
“components 4.0”

[ Asset, e.g.
standard SW

Asset, e.g.
electr. axle<

Wi~

~

Raw data & data

(“campana digital”) processing

Sensors &
Actuators

1INDUSTRIE4.0

iiE Industry IoT
.Consortium.  (IIRA) (RAMI 4.0)
IEC PAS 63088
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Protocol MQTT. PubSub vs client-server

<~ [&; @& github.com/pixavier/mqttdsnap 2 % @ #» 0O o :

W Corporate social res.. @ Nueva pestafia

i= README.md 4 Packages

No packages published

M QTT4Sna p ! Publish your first package

MQTT4s lisas !lib f ing MQTTin S ! (in the cloud) and Snap4Arduino (in the edge).
Q nap /is a Snap ! library for using MQTT in Snap ! (in the cloud) and Snap4Arduino (in the edge) Contributors 3

MQTT is an open and secure publish-subscribe protocol for the Internet of Things, suitable for industrial applications o o
and Digital Twins. Q pixavier Xavier Pi

There are several MQTT public server/brokers for rapid testing purpose, such as test. mosquitto.org, @ bromagosa Bernat Romagosa

mqtt.eclipseprojects.io or www.emgx.com/en/mgqtt/public-mqtt5-broker. Never use these servers for production. One
way to start is using Mosquitto on your own server, which is a popular open-source option available for Linux,
Windows and Mac, fast and easy to install. For accessing directly to a MQTT broker from a browser, WebSockets
support must be activated on the broker. To monitor de broker activity, MQTT Explorer is an excellent free tool.

jump-pi

Environments 1
Snap ! can be considered a block-based low-code programming language, unlike Node-RED, that can be regarded as

a flow-based low-code tool. &7 github-pages

Hello World!

Languages
This Hello World! example shows how PubSub-based aqgchitectures let implement loT with no friction. f—=
JavaScript 91.3% ® HTML 6.0%

® C++21% ® Python 0.6%

https://github.com/pixavier/magtt4snap

Blocks and usage

Old library
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https://github.com/pixavier/mqtt4snap

Protocol MQTT: Hello World !

Hello World !

'Send message '

(IHello World ! ]

http://extensions.snap.berkeley.edu/snap/snap.html#trun:http://raw.githubusercontent.com/pixavier/mqtt4snap/master/examples/HelloWorld.xml
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Llenguatges low-code de blocs (snap!, Scratch)

< C @ snap.berkeley.edu/snap/snap.html#open:https://raw.githubusercontent.com/pixavier/mqtt4snap/master/examples/Demo.xml e % 0 * 0O o H

W Corporate social res... @ Mueva pestafia

Y & i Demo

Sensing
v draggable
Operators

T Scripts Costumes ~ Sounds

-

-

PubSub Hello World! To execute the examples, single click on blacks,
following the corresponding steps

=
Step 0: Connect to the broker 4
point towards mouse-poinier | € MQTT subscribe to topic

on cach message run Step 1: Subscribe o a topic

(40 0 x: @ v: @ ("say (payload. for @@ secs input names: { payload ( topic
| 9o to randomposiiion

glide B secs to x: @ v: @ &5 MQTT publish to topic [E payioad
N (] Step 2: Publish a message.

-

-
-

Synchronous client-Server Hello World!

-
MQTT response topic

reply Step 1: Activate the responder. Y
£ MQTT example response reporter payload {payload) topi

N v
£ MQTT request [anrriRd topic
set resp | to| response topic (fimer payload Step 2: Send a request (timer acts as idCall).
s il

Make a block

MQTT Demo Comissié Industria 4.0 — Enginyers de Catalunya




Llenguatges low-code de fluxos
(Node-RED)

< C' A Noesseguro | vps656540.0vh.net:51880/#flow/d775676113e223e0 o 2 % * = 0O Q :

=<, Node-RED

Q Flow 1 + - ¥ debug i & x & v
v common Yallnodes ~ | | Wall ~
node: 417daefa7i5b363 2
inject ¢ msg.payload - number

‘ complete ¢

I DN tnesianp | ————— JSEEEE) o
status ¢

‘ link in \?
- )
wb link call Q
£
O link out |
‘ comment ‘
~ function

function )
change

< G
S0 swan b
T ¢

range )
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Bridge HTTP-MQTT

< C A Noesseguro | vps656540.ovh.net:64881/#flow/2c642a6f30631288 o & w ® = 0O o

Q Flow 1 + -

Tallnodes ~| wal ~

[get] /a65/led/on resp http () http
‘ complete () = = =
'I catch ¢. » = s e e s
P { resp mqft () mqtt
‘ status ¢I . : @ connected
‘ link in \1J:|
0 link call )
£
Q link out |
comment |
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Gracies |
Xavier Pi
xpi@enginyers.net

https://www.eic.cat/content/gt-embedded-systems-iot

www.comissioindustria40.cat
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