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Naplf

Mikropocita€ Raspberry Pl PICO —
co to je a jak s nim jednoduse zacit pracovat

Programovani na zakladé Micropython s vyuzitim nadstavby pro
grafické programovani BIPES

Prvni kroky
Nase sestava mikropocitace na nepajivém kontaktnim poli

Budeme si jednotlivé moznosti
vykladat postupné a také zkouset
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Mikropocitac - Raspberry Pl PICO

Mikropogita¢ Raspberry Pl PICO
S procesorovym obvodem RP2040 - _
2 Mbyte externi FLASH
Cena cca 120 Ké s DPH
Informace a odkazy

-
-~
-
-~
-
-~
-~
-~
-~
-
-~ -
-~

Vlastni procesorovyobvod RP2040
Dvé 32- bitova jadra ARM Cortex M0+
264 kByte SRAM, nema interni FLASH

Hodinovy signal procesoru- 133 MHz

Rozhrani: USB, UART, I12C BUS, SPI

Prevodnik ADC 12 bitovy. Az 500 000 vzorkt za sekundu
https://embedded.fel.cvut.cz/procesory/RP PICO
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https://embedded.fel.cvut.cz/procesory/RP_PICO

Informace

https://lembedded.fel.cvut.cz/procesory/RP PICO

https://www.raspberrypi.com/products/raspberry-pi-pico/
Pofizeni v CR
https://rpishop.cz/raspberry-pi/3352-675-raspberry-pi-pico-0617588405587.html#/188-prislusenstvi-bez_prislusenstvi
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https://embedded.fel.cvut.cz/procesory/RP_PICO
https://www.raspberrypi.com/products/raspberry-pi-pico/

Mikroprocesor, Mikropocitac

Procesor- komunikace pouze pomoci jednic¢ek a nul

Nas procesor Raspberry Pl PICO ma napajeci napeéti +3,3 V, ale
muze mit i jen +3 V. Toto napéti oznacime jako VDD =+3 V

Vici cemu je toto napéti vztazené - proti spolec¢né svorce GND
groud, zem.

(Analogie — kdyz porovnavate svou vysku s bratrem, postavite
se oba na zem- to je vztazna uroven). Bratr nemuize stat v
doliku- to by nebylo srovnani.

Podobné v mikroprocesor se vSechna napéti vztahuji vuci
spole¢né zemi GND.

Jak nas procesor ,,fekne* svému okoli, ze signalizuje jedni€ku na
daném kontaktu? Privede tam své napajeci napeéti + 3V, jako
by se tam pripojila baterie (dvé tuzkové baterie zapojené
sériove -za sebou)

(pozn. u Arduina je napajeci napéti + 5V, tedy Arduino signalizuje
jednicku na pinu (vystupu) napétim + 5 V proti zemi( GND)
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Mikroprocesor, Mikropocitac

Jak pozname, ze na pinu je kladné napéti + 3V ?

Pripojime tam diodu LED, ktera bude (pres ochranny rezistor
pripojena na sledovany kontakt) . Z kontaktu do LED potece
proud, ktery bude z LED vytékat do spole€né elektrody GND
Groud, zem.

( jako kdyz vody vytéka z hadice a pak dopada na zem)

V nasi desce mame ¢tyfri rizné LED ¢ervena, zluta, zelena, modra.

Jak procesor rekne svému okoli, ze signalizuje nulu (false) na
daném pinu? Privede tam nulové napeéti.
Pripojena LED nebude svitit.

Dale na desce mame bzucak (buzzer) a tlacitko.
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Grafické programovani pomoci Raspberry Pl PICO

Nasi desku Raspberry Pl PICO budeme ,,programovat graficky*
hitps://bipes.net.br/ide/ pozor psat https://

Pouzit programy Opera, nebo Google Chrome, které jsou schopny
komunikovat s deskou pres USB.

Pii ovladani pinu a rozsviceni, nebo zhasnuti LED musime zadat,
ktery pin chceme ovladat. Jejich oznaceni je GP a Cislo

Zapojeni experimentalni desky
GP16 Tlacitko k GND

GP18 470 R+ Cervena LED na GND
GP19 470 R+ Zluta na GND
GP20 470 R+ Zelena na GND
GP21 470 R+ Modra LED na GND,
GP22 470 R+ Buzzer proti GND
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https://bipes.net.br/ide/

Grafické programovani pomoci Raspberry Pl PICO

Zkusime rozsvitit a zhasnout ¢ervenou LED

spustit program Google Chrome a otevrit stranku
https://bipes.net.br/ide/

kabelem Micro USB pfipojit desku Raspberry PI PICO

(Do desky jsme jiz drive nahrali soubor pro program Micropython. V nove
desce jeSté neni nahrany. Nahraje se tak, Ze se pri zapnuti — to je pripojeni
na USB — drZi stisknuté tlacitko. Deska se v PC ukaze jako Flash disk, do
kterého se nakopiruje soubor rp2-pico-20220117-v1.18.uf2

pripadné jeho novejsi varianta. Ke stazeni je na
Micropython.org XXXX
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https://bipes.net.br/ide/

Vybér desky klik na pole implicitné ta muze byt ESP8266,
zvolit Raspberry Pl PICO

Pripojeni / odpojeni desky
Doporucujeme pfipojit, odpojit, pripojit — spiSe zacne korektné fungovat

l-IJ \!“\ i:r-=iERaspberry I}1 Pico i:r. |
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“LBIPES B console Files Shared Device 10T EasyMQTT Databoard t}v ‘g'_.t_i::EtRaspberry Pi Pico b JE

Logic
Loops
Math
Text
Lists

Variables

Functions Pripojeni desky, volba rozhrani USB
BIPES nékdy potrebuje opakovat dvakrat

Python va e . va g
Timing pripojit, odpojit,pripojit
¥ Machine
CPU
In/Out Pins
» Displays
P> Sensors

» Actuators

» Communication
Files

» Network

P micropython

Détska univerzita CVUT 15.7.2022, J. Fischer, CVUT - FEL Praha 10



Nabidky panell

Device- zobrazi rozlozeni vyvodu desky, to budem potrebovat pri

programovani

JiBIPES Blocks Console Files Shared IOT EasyMQTT Databoard

[ UaRTO Tx 120 SDA | sPioRx | GPO I
[ UARTO R § 120 SCL § SPI0 CSn § GP1 JF]
IETE

[ 12C1SDA § sPiosck § - GP2 IV

[ i2c1iscL | spioTx §GP3 Q]

[ UARTI TX ] 12c0 SDA | SPIORX §E GP4 B
[uaRTi RX] 12coscL | sPiocsn | GPS. RV
ST e

IEEEN EETY I o

[ i2ciscL § sPioTx § - GP7 Rl

[ UART1 TX Jf 12c05DA | sPiiRx §  GP8_ Rif]
| UART1 Rx § 12coscL § spiicsn § - GPO i)
| __chD_RE

[ 12¢15DA § sPiisck § - GPio BT

[ i2c1scL | spiiTx | GP11BH

 uaRTO T § 12c0SDA | sPiiRx §GPi2 RT3
| UARTO RX {120 SCL | sPi1csn | GP13 [RH)
T &

[ 12C1SDA § SPi1scK §GP14 HE)

[ i2ciscL | spiiTx §GPis )

. Raspberry P

i Pico ©2020

0laMS

"-I-' V‘\ (i@Raspberry Pi Pico

Ly vBUS |

» I

4 GND_|

7

4 3va(ouT) |

35

8 GP28 f  ADC2 |

&l Gho | AGND |

8 GP27 | Apci ] 12Ci SCL |
£l GP26 § ADCOJ 1201 SDA |
30

:f  GP22 |

2 I

27 I
I GP20 |
b GP1of spioTx Ji2ci scL |
FZ8 GP18 § SPi0 SCK | 12C1 SDA |
bl GhD |

Vo8 GP17 12C0 SCL_§ UARTO RX
Vil GP16 UARTO TX

| B rower [ Ground [l UART/UART (defaulty [l GPIO, PIO, and Py

W soc

H sPI/SPI (default)

12C /12C (default) . Debugging
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LED pfimo na desce GP25 —

[UarTo T 120050 | SPioRx_ | GPo" 1K
121 5pA | spioscK | GPZ |
FociseL ] sPoTx L 6Pe

UARTTRX] 12c0 5oL § SPocen | GPs.
121 5DA | 510 SCK | GPE |
FcisoL ] sPorx L cor B

CUART? TX B 12C0 SDA | 5P = L. e Bt

[UARTY R J 1200 SCL | sPiicsn | 6Pe B

L= - - T N - R T R T R ]

13
GP10__ Rl

ciscL | seiiTx | eril EE
GP12 Rl
uARTO RX f 12co scL f spiicsn | GPi3 RV

[__GND R
[ 12C1 SDA § SPI1SCK | GP14 Rl

GP15 )

B

(52d9) a31

BOOTSEL

Raspberry Pi Pico © 2020

DEBUG
* & =
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Toto budeme vyuzivat my

/

/
] vaus /
3 INEE /
3 INEEN /
37
7 3vaoun)
35 ADC_VREF
4 GPos
3 I
2 I
- Gpoo
m——
1
20 ICEEN |
2 |
26 IEZT
o GPio ] spiorx [ iacisc
24 EEE
Pkl GND |
2 I

al _CPI6 ] sPiORX ] 12C0SDA J UARTOTX
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Zapojeni experimentalni desky

Pri ovladani pinu a rozsviceni, nebo zhasnuti LED musime zadat,
ktery pin chceme ovladat. Jejich oznaceni je GP a cCislo

Zapojeni experimentalni desky

GP16 Tlacitko k GND

GP18 470 R+ Cervena LED na GND

GP19 470 R+ Zluta na GND

GP20 470 R+ Zelena na GND

GP21 470 R+ Modra LED na GND,

GP22 470 R+ Buzzer proti GND

470 R znaci zapojeni rezistoru o odporu 470 Ohmu do
Ssérie s pinem

Uroven ,,true® na pinuLED rozsviti,

uroven ,false“ LEDna pinu zhasne
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Vytvorime program, ktery probéhne jen jednou, rozsviti €ervenou
LED na dvé sekundy a pak zhasne a pak se ukon¢i a bude
cekat na dalsi pokyny.

blok pin a wait
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Rozsvitit LED- nastroje

L‘ﬁiéjéaBl PES m In/Out Pins

Logic

<Ol LED / GPIO25 -~

Loops
Math
Text
Lists

set output pin LED / GPIO25

to true

Variables read digital input LED / GPIO25

Functions

Pull-up true

BIPES

Python
_Nming_ _ _ _
:!’ Machine I
I CPU '
| _ InioutPins_,
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Jednorazovy béh programu ( bez opakovani)

Program se provede- rozsviti se ¢ervena LED a opét je vidét trojuhlenik

¥ Machine
CPU set output pin Pin 24 / GPIO18
In/Out Pins CN  true
Klik sem- spusti
program
lIJ a =I::.@Raspberry Pi Pico lr

Pokud zvolime menu ,, Console, bude \
Je vidét, ze pocita¢ ¢eka na dalsi

pa_ﬁ'w mode; Ctrl-C to cancel, Ctrl-D to finish
pO kyn === from wachine import Pin

=== def gpio set(pin,value):
=== if walue >= 1:
Fin(pin, Pin.QUT).on()
else:

Pin(pin, Pin.QUT).off()

=== gpio_set((18), True)
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DalSi postup, jeden pruchod, vice pruchodui - smycky

Program postupné rozsviti a zhasne ruzné LED a ukondi se.

Program postupné rozsviti a zhasne ruzné LED a vSe provede nékolikrat a
ukonci se LOOP

Program s podminkou
Nekoneény program s podminkou true
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Rozsviceni a zahasnuti LED, 1x
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set output pin Pin 24 / GPIO18

to

set output pin Pin 24 / GPIO18

to false

set output pin Pin 25/ GPIO19

to

set output pin Pin 25/ GPIO19

to false

set output pin Pin 26 / GPIO20

to

set output pin Pin 26 / GPIO20

to false
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Staly béh programu, pouziti nekone¢né smycky

L 4’ _ \"\’j L [Z} Raspberry Pi Pico ( .)

——

Aktualni b&h programu — symbol étvereéek/
Menu Loops Menu Logic

repeat Rl times

for each item (B8 in list

of loop
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Staly béh programu, pouziti nekone¢né smycky

repeat (

set output pin Pin 24 / GPIO18

to

Menu Loops Menu Logic

repeat Rl times

set output pin Pin 24 / GPIO18
to false

set output pin Pin 25/ GPIO19

to

repeat

set output pin Pin 25/ GPIO19
to false

set output pin Pin 26 / GP1020

to

for each item (B8 in list

set output pin Pin 26 / GPIO20
to false

of loop
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Bloky pro smycky | i
Math

Text
Lists

repeat

Variables

Functions

BIPES

count with [ from n to by “

Python
Timing
“Machine
CPU
In/Out Pins
Displays
~Sensors

“Actuat
cHarors ‘break out + Ll
Communication

Files

for each item ({3 in list

Détska univerzita CVUT 15.7.2022, J. Fischer, CVUT - FEL Praha

21



Logic In/Out Pins

. Loops
3 i
Math <08 LED / GP1025

Bloky pro praci Text
. ) set output pin LED / GPIO25
S pIny Lists
to true
Variables
Functions read digital input LED / GPIO25
BIPES VIS true
Python Read RPI Pico ADC Input LED / GPIO25
Timing
¥ Machine RPi Pico PWM # [}
CPU Pin LED / GPIO25
Frequency 1000
P Displays Duty 50
P Sensors
» Actuators PWM # [i) frequency INRDDD
P Communication
Files PWM # [1) duty SN
> Network
> micropython PWM # m init LED / GPIO25

deinit PWM # 1)
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Logic

_ [
I Loops

Bloky pro éasovani S
Text

I
I
| Lists
I Variables
I Functions

BIPES

Python
Timing
¥ Machine

CPU
In/Out Pins
P Displays
P Sensors
P Actuators
P Communication
Files
P Network

P micropython
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Timing

seconds -

delay

delay milliseconds 1

delay microseconds 1

Get milliseconds counter

Compute time difference
end

start

G 2 Y every - | 1000 115

 stop Tmer WL
deep sleep 60
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Bloky logika, smycky,timing stroj- pin

Timing

delay ‘seconds |

delay milliseconds 1

delay microseconds 1

Get milliseconds counter

count with [J§# from n to n by n

Compute time difference

end

for each item (B8 in list start

Timer# 3 do 1000 Fyt

of loop
IGL
if true W 0
if false

:
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Zrychlit blikani LED

Timing- delay 50 ms. 50 milisekund — 50 tisicin sekundy
Pak dat 10 ms/10 ms, zrychleni
Nebude vidét blikani

repeat QLR

do set output pin Pin 24 / GPIO18
Zmenit pomer o ST
Dale 2 ms /18 ms | delay milliseconds 50
| set output pin Pin 24 / GPIO18
Zkusit jinak ménit pomér ¢asu | SN ralse
Co se zménilo? Nestadime delay milliseconds SIS

sledovat blikani, ale jen vidime
pokles jasu LED.

To jsme vytvorili programoveé
Fizenou PWM

Pulse Width Modulation

repeat o true -
do set output piln Pin 24 / GPIO18
to true
| délay milliseconds 2
| set output pin Pin 24 / GPIO18
to false

| delay milliseconds 18

|
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PWM

Pokud chceme ridit jas vice LED bez programového zatézovani
procesoru, pouzijeme hardwarovou PWM, VétSina procesoru
obsahuje blok pro generaci PWM signalu

V menu Machine In/Out pins je Frequency- frekvence
(kmitocet).

Duty — strida, pomeér ¢asu ,
kdy to sviti, vaci periodé blikani

RPi Pico PWM # 1)
Pin LED / GPI1025

Frequency 1000
Pozor, zde cCislo Duty 50
32768 znamena 50 procent !!
To souvisi s formou vyjadieni PWM # () frequency BRI

16- bitového binarniho cCisla
Pokud dame 50, tak to skoro
nebude svitit.

Nula- 0 nesviti vibec,
65535 sviti plné deinit PWM # ()

PWM # (1) duty 50

PWM # ([0} init LED / GPIO25
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Jednorazova inicializace PWM

Cervena LED bude svitit ploviénim jasem
Mizeme zkusit i frekvenci 10 Hz — budeme vidét blikani
1 Hz nelze pouzit (procesor to nepoporuje)

Pin Pin 24 / GPIO18
Frequency 1000
Duty 32000

Détska univerzita CVUT 15.7.2022, J. Fischer, CVUT - FEL Praha
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Jednorazova inicializace PWM pro Buzzer

Jednorazova inicializace

Pokud chceme zmenit, je nutno zménit parametr ( frekvenci nebo
stridu) a znovu spustit program.

Pokud chceme, aby nas to nerusilo, dat malou stridu
napr. Duty = 0

RPi Pico PWM #

Pin Pin 29 / GPI022
Frequency 200

Duty 32000
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Nekonec€na postupna zména jasu LED ve stupnich

Postupné rozsviceni
a naraz zhasnuti LED

RPi Pico PWM #

Pin Pin 24 / GPIO18
Frequency 1000

Duty 0

repeat i

do PWM# EE) duty GHEDLD
PWM # EE) duty SHETLL
PWM # EE) duty SURELIN

PWM # EE) duty GSGCLL

Détska univerzita CVUT 15.7.2022, J. Fischer, CVUT - FEL Praha
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Ovladani bzuc¢aku (buzzer) pomoci PWM

Zmeéna frekvence PWM

RPi Pico PWM #

Pin Pin 29 / GPIO22

Frequency 1000
Duty 32000

repeat {true -

do PWM# frequency BRE:0Y

delay  seconds
" PWM # ) frequency SURIL)

delay seconds
" PWM # ) frequency SURFI)

SO 1 [ seconds -

PWM # ELIEL - 1600
LEE 1 [ seconds
—
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30



Bzucak s PWM s deinicializaci PWM

Na chvili uplné vypneme PWM
repeat EILTEES |

do RPi Pico PWM #
Pin Pin 29 / GP1022
Frequency 800
Duty 32000

PWM # frequency 1000
delay ol EXTIEED

 PWM # O 1200

CEVAC 1 [ seconds -

 PWM # frequency BURLDD

delay n _seconds - |
aeinit PwM # €23 I

| —
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Cteni stavu tlaéitka a ulozeni do proménné

Nekoneéna smycka, stale opakovaneé Cte stav tlacitka a podle
toho nastavuje (+=-14 while -~ I8 true - |
cervenou LEDna do | set [EI3ES to read digital input Pin 21/ GPIO16

GP1018. Reaguje | Pull-up BIRYIE
okamzite set output pin Pin 24 /| GPIO18

to |
-

| Logic
|

| Vatn
|

|

change o 1

repeat £ true -

do | set output pin Pin 24 / GPIO18
to | read digital input Pin 21 / GPIO16

Pull-up true
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Cteni stavu tlaéitka a ulozeni do proméné

Zpomaleni reakce, ¢teme stav tlacitka jen 1x za 2 sekundy
Dulsledek- zpomaleni reakce ,,pomalé tlacitko“

repeat . true -
do | set to | read digital input Pin 21/ GPIO16
Pull-up true
| set output pin Pin 24 / GPIO18

to |
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Postupna zmeéna jasu LED

Proménna LED_duty nese informaci o pozadované stridé

RPi Pico PWM #

Pin Pin 24 / GPIO18

Frequency 10000

Duty 0

set to | (@

repeat )

do  change by
PWM # B duty | (TETED

delay milliseconds
(o) if LED_duty - JIl = - J& 30000 J
do :et' LED_duty - Relil 0
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Dale — dalsi priklady pro inspiraci
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Ukonceni smycCky podle podminky

set ((1RS to [ )
= while - )
do  change m by Nl

- set output pin Pin 24 / GPIO18

to

| set output pin Pin 24 / GPIO18

to false

O 05 [seconas -
ORI - - 1)

do (IR of loop
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Postupna zména frekvence PWM pro bzucak (buzzer)

Frekvence 100 Hz az 2000 Hz

RPi Pico PWM #

Pin Pin 29 / GPIO22
Frequency 100
Duty 32000

set 0
repeat Wirue -
do | change by

 PWM # L TELTRAE Frikvence -

| delay milliseconds

SRS Frivence - J[ = - 182000

do | set (IR to
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Blikani s vyuzitim smycky
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repeat true -

do  repeat ﬂ times

do set output pin LED / GPIO25
to true
| delay milliseconds 100
| set output pin LED / GPIO25
to false
delay milliseconds 500
repeat ﬂ times
do set output pin LED / GPI025
to true
| delay milliseconds 500
| set output pin LED / GPIO25
to false
| delay milliseconds 200

. -

2000

delay milliseconds
-

\J8



.Konec
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