Linux a Raspberry Pi

Linux na dlani — koncepce Raspberry Pi
operacni systém na bazi Debianu

predstaveni programovani v Pythonu

priklad - web kamera pro obrazky z mikroskopu



Raspberry Pi
maly jednodeskovy pocita¢ s deskou plosSnych spoju o
velikosti zhruba platebni karty
2012 vyvinut britskou nadaci Raspberry Pi Foundation
cilem podporit vyuku informatiky ve skolach a seznamit
studenty s tim, jak mohou pocitace ridit rizna zarizeni
primarnim operacnim systémem je Raspbian (odvozeno
od Debianu = Linuxova distribuce)

postupneé varianty A1, B2, B3, aktualné RPi Zero W
a RPi 4 — samostatné funguijici, plus zasuvné moduly

- varianta Raspberry Pi Pico patri do svéta Arduina

- stovky navazujicich produktu — shieldy resp. HATs
cs.wikipedia.org/wiki/Raspberry Pi www.raspi.cz/

www.raspberrypi.org www.raspberrypi.com




RPi Zero 2 W

= 4-jadrovy 64bitovy procesor ARM Cortex-A53
taktovany na 1 Ghz - Broadcom BCM2710A1 | i

= integrovany spolu s 512 MB SDRAM do '
jednoho celku, system-in-package (SiP)

= velikost 65 x 30 mm

= mini HDMI, micro USB pro data (OTG) a
dalsi pro napajeni (5 V), CSI-2 pro kameru,
slot pro mikroSD kartu — na ni operacni systém, standardni 40 pin
GPIO konektor pro periferie, WiFi a BLE




RPi 4

nejoblibenéjsi jednodeskovy pocitac

prvni model prisel v roce 2012 se
skromnym cilem - posilit technickeé
vzdélavani déti - a odstartoval malou
prumyslovou revoluci

Raspberry Pi 4B je nejvykonnéjsi model a plnohodnotna nahrada PC

1.5 GHz 4-jadrovy procesor ARM Cortex-A72, 28 nm technologie
(Broadcom BCM2711)

2GB / 4GB / 8GB RAM modely

4K grafika VideoCore prinasi 4Kp60 video, dekédovani HEVC / H.265
a rezim dvou monitoru — 2 mikroHDMI konektory

standardni 40 pin GPIO konektor pro periferie, WiFi a BLE, gigabit
ethernet, USB 3.0




Pre-soldered
40-pin GPIO PoE (Power over Ethernet)

Header pins

Co je na desce...

True Gigabit
Ethernet Port

e Broadcom BCM2711,
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PCB Antenna 2 x USB 2.0 Ports

Audio + Video

MIPI DSI port Composite 3.5mm Jack

(Display device)
MIPI CSI Port, camera interface

HDMI1 micro HDMI Port
HDMIO micro HDMI Port A
S ort Dual
USB Type C, for Power, Uprispla‘fu

upto 3A or 1SW

microSD card
socket (bottom)

RUN & Global_EN pins

Activity Indicator
Green LED

Power (SV) Indicator 2.5mm diameter Mounting Hole
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Raspberry Pi 400

= vSe vestavéno v klavesnici
kompaktni reSeni, méné kabell
na stole, idealni jako stolni PC
s linuxem, kolem 2000 K¢é

i @ E Actwe Containers pi@debian—buster—m;u
@ Programming 2 F

am

(&2} Intemet >

'Iﬂ“ Sound & Video

% Graphics

{:" System Tools > ‘ Monitor Active Containers
| \a\ Accessories > ?.f,‘ Aun 64-bit Progranm.
@ Help 5 @ Start 64-bit Container
@ Stop 64-bit Container S
¥ £
| >C [Terminal (64-bit) . File Edit Tabs Help

= bézné grafické uzivatelské prostredi

= samozrejmé k dispozici
terminal pro klasické ovladani



Operacni systemy

Raspberry Pi OS (drive Raspbian) je oficialni OS pro Raspberry Pi

* na bazi osvedceného (stabilniho) projektu Debian Linux a
pouziva upravené desktopove prostredi LXDE, které vyuziva
spravce oken Openbox

= funkéni pracovni plocha nepotrebuje mnoho systémovych zdrojt
Volumio - dokonaly jukebox, prehravani skladeb z externiho uloziste

= moznost pripojeni k mnoha hudebnim sluzbam

= podporuje zarizeni kompatibilni s DLNA
LibreELEC - idealni pro multimedialni centrum zalozené na Kodi
OpenMediaVault - pro pouziti jako NAS

= intuitivni rozhrani, moznosti vzdalené spravy

dalsi linuxové distribuce — Ubuntu (Debian), Manjaro nebo Gentoo
(ArchLinux), Fedora (RedHat), Kali Linux — testovani moznych
ohrozeni

Kano OS - specialné pro déti, RetroPie — herni konzole
Windows IOT Core, dokonce navody i na Windows 11 (for ARM)

raspberrytips.com/best-os-for-raspberry-pi/



Raspberry Pi OS

https://www.raspberrypi.com/software/
» instalace na mikroSD kartu — pouzitim aplikace Raspberry Pi Imager

= rucéni postup — stahne se obraz pozadovaného OS a prenese na
mikroSD kartu — bootovaci medium a souc¢asné ,,pevny disk“ pro
provoz OS

= Raspberry Pi OS with desktop

= release date: September 22nd 2022, System: 32-bit (64-bit), Kernel
version: 5.15, Debian ver. 11 (bullseye), velikost: 894 MB

= Raspberry Pi OS with desktop and recommended software
= 2700 MB, celkem hodné balastu

= Raspberry Pi OS Lite (nema grafické prostredi)
= 338 MB

= prvni spusténi — klavesnice, monitor, mys, internet (Ize alternativne
proveést i v ,,headless“ modu — pouze pripojeni SSH pres internet

= provoz — desktopové grafické prostredi — ,,normaini PC;
terminalové prostredi, vzdaleny pristup jako server — textovy
terminal (SSH), vcetné GUI (VNC)




Oficialni web

= dokumentace

= detailni navody

= Feseni typickych
situaci

= forum - uzivatelska
podpora

= technické detaily

Getting started

WWW. raSpbel'I'ypi .COM Howto get started with your

Raspberry Pi

The config.txt file

Low-level settings control

(=)

Camera software

Software and libraries for
Raspberry Pi camera
hardware

Processors

Technical information about
the CPUs used by Raspberry
Pi

Raspberry Pi 0S

The official Raspberry Pi
operating system

()

The Linux kernel

How to configure and build a
custom kernel for your
Raspberry Pi

Raspberry Pi hardware

Technical information about
Raspberry Pi hardware

Product Information
Portal

Raspberry Pi compliance
documents

¥y

Configuration

Configuring your Raspberry
Pi's settings

Remote access

Accessing your Raspberry Pi
remotely

:

Compute Module
hardware

Technical information about
Raspberry Pi Compute

Madula hardwara

J

Datasheets

PDF documentation



Periferie

do USB portu =
to, co pro normalni |
PC Camera

Raspberry Pi camera boards

pres GPIO
sbérnici - HAT

emolns
Build HAT
How to use the Build HAT

Raspberry Pi Audio

High-definition audio with
Raspberry Pi

=)

Display

The Raspberry Pi Touch
Display

(==

Sense HAT

How to use the Sense HAT

Designing a HAT

Information on the HAT
specification

o A
=

Keyboard and mouse

Official Raspberry Pi
keyboard and mouse

J SE—)

TV HAT

How to watch TV on your
Raspberry Pi

S

Product Information
Portal

Raspberry Pi compliance
documents



Tistene (resp. PDF)
informace Raspberry
+ knihy Annual g2

" mésiénik MagPI e
= rocenky
= fada Complete Manual Series

The Cornplete Manual Series

Raspberry Pi

Coding & Projects

The essential step-by-step
manual to learning coding
skills with Raspberry Pi

Smart home ideas - Operating systems « Pi gaming

100% Independent SEP 2022 EDITION




Typické moznosti pouziti

desktop — grafické prostredi linuxu, klavesnice a klikani mysi,
alternativné dotykovy display

server — zjednodusena instalace bez grafické nadstavby, textova
konzole, obvykle jen RPi pripojené do internetu, bez ovladacich
periferii; vzdalené pripojeni pres SSH protokol

. klientské programy — sériovy terminal, putty, mobax
kiosek — pouze display pro zobrazovani informaci
webova kamera, fotoaparat, mikroskop
herni konzole

... fantazii se meze nekladou ...



Mobax terminal

Lagl callisto [SSH] = O X

Terminal Sessions View Xserver Tools Games Settings Macros Help

ey [&]2. callisto [SSH] RN Y
emB®Rn W o » MobaXterm Personal Edition v22.0 -
] 2l (SSH client, X server and network tools)
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edi -08- 3 . . .. .
=:ntla zgzzzzzz i::; :Z: > For more info, ctrl+click on help or visit our website.
oot 2022-08-30 14:30 root
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oot 2022-08-30 15-20 oot Linux Callisto 5.10.0-17-amd64 #1 SMP Debian 5.10.136-1 (2022-08-13) x86 64
=:: igzzsgzgiié :zz: The programs included with the Debian GNU/Linux system are free software;
.- 0653 15:44 o the exact distribution terms for each program are described in the
== 2022_11_3012;09 o individual files 1in /usr/share/doc/*/copyright.
s 2022-08-30 14:30 root : . :
p— e i o Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
A bin 1 2022-08-30 14:30 root permitted by applicable law.
) inird.img X 5022-08-30 14-33 oot Last login: Wed Oct 12 12:52:06 2022 from 147.251.32.50
ninitrd.img.old 1 2022-08-30 14:33 root quer@calllst02~$ df :
A s . 305 0 11 s Filesystem 1K-blocks Used Available Use% Mounted on
) o2 . o5 hE 14:30 ot udev 8049464 0 8049464 0% /dev
I o6 . 2022-08-30 14:30 ot tmpfs 1613252 840 1612412 1% /run
B a2 . 2022-08-30 14:30 ot /dev/nvmeOnlp2 478096136 2466672 451270040 % /
B sbin ’ B — 14:30 o tmpfs 8066260 0 8066260 0% /dev/shm
B \ AN 1a.2n . tmpfs 5120 0 5120 0% /run/lock
L /dev/nvmeOnipl 523248 3484 519764 1% /boot/ef1i
Ed Remote monitoring tmpfs 1613252 0 1613252 0% /run/user/1000
- xuser@Callisto:~$
L Follow terminal folder Callisto | £ 0% oD 0.20 GB / 15.39 GB 0.01 Mb/s 0.01 Mbjs | M o1 days| [E] xuser | & /:1% | /boc &

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net i

SSH pripojeni k debianu — vlevo typicka struktura souborového
systému na vzdaleném pc, vpravo terminalové okno — zadavani

prikazul, zobrazeni odezev
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GPIO konektor
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GPIO po skupinach

GPIO: standardni piny, které Ize pouzit k zapnuti a vypnuti zarizeni,
treba LED, spinace

I12C (Inter-Integrated Circuit): pripojeni a komunikace s moduly,
které podporuji 12C protokol

SPI (Serial Peripheral Interface Bus), obdobné, ale vyuziva jiny
protokol

UART (universal asynchronous receiver/transmitter) je sériovy
protokol (muze byt blokovan pro terminalovy prenos — odblokovat)

DNC znamena nepripojovat

napajeci piny privadéji napajeni primo z Raspberry Pi, jediné 5V
piny Pi.

GND: k uzemneéni zarizeni, jsou vsechny pripojeny ke stejnému
vedeni

neni zde viibec moznost analogového vstupu ¢i vystupu (snad pres
audio, nebo PWM)



Usporny systém

jednim z benefitu je nizka energeticka naroénost, zejména kdyz se
nic nedéje (,,idle* stav) — typicka situace u permanentné zapnutych
(mini)serverovych systému (24/7)

. Power Draw Idle (watts)

. Power Draw Load (watts)

Lower is better

!
<

LZ

PiA
PiB

Pi3

Pi A+
Pi2

Raspberry
Raspberry
Raspberry
Raspberry
Pi B+
Raspberry
Raspberry
PiZero W
Raspberry
Raspberry
Raspberry
Pi3 B+
Raspberry
Pi3 A+
Raspberry
Pi4 B




Python - programovani python’

www.python.org ﬁ

Python3 standardni soucasti instalace OS
detailni navod, jak zacit v Rpi:

https://learn.sparkfun.com/tutorials/python-programming-
tutorial-getting-started-with-the-raspberry-pi/all

obecny strucny uvod:
https://python.swaroopch.com/about_python.html

U nas:

https://python.cz/zacatecnici/

nejjednodussi — programovy kod se pise v textovém editoru (napfr.
nano), ulozi se s koncovkou .py a poté se spusti v ramci terminalu

vyuziti dedikovaného IDE - Idle (standardni) nebo Thonny (oboji
preinstalovano jiz v OS




Python zacatek

= v terminalu spustit editor nano, zadat:

#!/usr/bin/python
print "Hello, World!";

= ulozit treba jako hello.py a spustit prikazem
python hello-world.py
= az bude program dokoncen, Ize soubor prevézt na ,,executable:

chmod +x hello.py

= a pak spustit alternativné zadanim

./hello.py



#!/usr/bin/python
Python - hodiny

import time

import datetime

from Adafruit_7Segment import SevenSegment

import wiringpi

PIN_TO_SENSE = 22
TickNo=0
wiringpi.wiringPiSetupGpio(); wiringpi.pinMode(PIN_TO_SENSE, wiringpi.GPIO.INPUT);

# Clock Example

segment = SevenSegment(address=0x70)

# print "Press CTRL+Z to exit"

# Continually update the time on a 4 char, 7-segment display

while(True): 5 Lo e

if ((wiringpi.digitalRead(button)==1) | (TickNo>0)): ‘ | R

now = datetime.datetime.now()
hour = now.hour; minute = now.minute; second = now.second;
segment.writeDigit(0, int(hour/10)) # Tens
segment.writeDigit(1, hour % 10) # Ones
segment.writeDigit(3, int(minute / 10)) # Tens

segment.writeDigit(4, minute % 10) # Ones

segment.setColon(second % 2) # Toggle colon at 1Hz
time.sleep(0.25)
if (TickNo==0): TickNo = 10;
else:
TickNo-=1;
if (TickNo<=0): segment.clear();




C/C++ na RPi ?

= v ramci OS nainstalovany standardni komponenty, obecné i RPi-
specifické knihovny, jako IDE muze slouzit editor Geany

* na zacatek — textovy soubor hello.cpp s obsahem:

#include <iostream>

using namespace std;

int main() { cout << "Hello in C++" << endl; return 0; }
= zkompilovat:

gt++ -o hello hello.cpp

= aspustit:

./hello
https://raspberrytips.com/use-c-on-raspberry-pi/



1 #!/usr/bin/python 1 #include <stdio.h>
2 2
Python 3 print "Hello, World!"; 3 int main()
4 o8 1
5 printf("Hello, World! \n");
vs. c 6 return 9;
7}
8
] n
Hello, World!" program "Hello, World!" program
in Python inC

= Python ... interpretovany jazyk (pomalé ...), vhodny pro zacatecniky

= C/C++ ... kompilovany jazyk — nativni kod — maximalni rychlost,
spise pro pokrocilejsi uzivatele

Jazyk / Vyuziti mezi vyvojari

JavaScript 67.7% HTML/CSS 63.1%
Python 44.1% Java 40.2%

C# 31.4% PHP 26.2%
C++ 23.9% C 21.8%

= C++ vyvojari lépe placeni (113 561 $) nez ti s Pythonem (107 397 $)



Ukazka z vedy
- mikroskop

= zakladem kamera
s C-mount rozhranim o o,
= umozni pripojeni ruznych standardnich
objektivu, véetné mikroskopickych
(i nastavce pro objektivy ze stolnich
mikroskopu DIN standardu)

= 12.3 megapixel Sony IMX477 sensor
7.9 mm diag. snimac, 1.55%X1.55 pm pixely

= zaznam a (pred)zpracovani obrazu Ci videa
- dostatecny vykon z RPi

= WiFi bezdratovy prenos obrazu

el y”’f\,

= Open source ,,top“ systém:
https://github.com/IBM/MicroscoPy




Zaver
= cilem prednasky bylo predstavit moznosti aplikaci modernich

mikrokontroleru v oblasti védeckého vyuziti, s dirazem na digitalni
cast problematiky

= ukazat moznosti, nejvhodnejsi systémy a zaklady jejich pouziti a
programovani

= vedu lze déelat nejen s profesionalnimi, casto predrazenymi
systémy, ale zejména v oblasti (bio)analytické chemie je stale
dostatecny prostor i pro vilastni konstrukci

zvoleny pristup je kompatibilni s aktualnimi trendy:
= point-of-care diagnostics

= |ab-on-chip miniaturization

= wearables for analysis

= smarphone use, internet of things



