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Witaj!

BBC micro:bit to niewielkie urzadzenie obliczeniowe dla dzieci. Jednym z jezykdéw, ktére ono rozumie, jest jezyk
programowania Python. Odmiana Pythona, ktéra dziata na BBC micro:bit nazywa si¢ MicroPython.

Ta dokumentacja zawiera lekcje dla nauczycieli i opis interfejsu aplikacji dla programistéw (sp6jrz na listg po lewe;j

stronie). Mamy nadzieje, ze programowanie z uzyciem MicroPythona dla BBC micro:bit sprawi ci wiele przyjemno-
Sci.

Jedli nigdy wczes$niej nie programowates, albo nie jeste§ pewien od czego zaczaC, zacznij od poradnikéw.

Pierwsze Kroki z MicroPythonem auior: Mike Rownbitt

MicroPython zostaf stworzony przez
Damiena...

from microbit import *

tutaj!

roll("Hello, World!")

W tej dokumentacji zawarte jest
wszystko, co musisz wiedzie¢ o
MicroPythonie na BBC micro:bit.

Wygenerowano przy pomocy Python Comics.

Aby stac si¢ czgScia spotecznosci, zapisz si¢ do grupy microbit@python.org (https://mail.python.org/mailman/listinfo/
microbit).

Informacja: Ten projekt jest w stanie ciggtego rozwoju. Pomoéz innym dodajac do dokumentacji porady, sztuczki,
uwagi i odpowiedzi na czgsto zadawane pytania. Dzigkujemy!

Projekty zwiazane z MicroPythonem na BBC microb:bit to migdzy innymi:

e Mu - prosty edytor kodu dla dzieci, nauczycieli i poczatkujacych programistéw. Najpewniej najtatwiejszy spo-
sOb na programowanie w MicroPythonie na BBC micro:bit.

* uFlash - narzedzie linii polecefi do wgrywania programéw w pythonie do BBC micro:bit.

Poradniki 1
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RozDzIAL 1

Wprowadzenie

Zalecamy uzywanie edytora Mu podczas pracy z tym poradnikiem. Instrukcje dotyczace Sciagnigcia i instalacji Mu
znajduja si¢ na jego stronie internetowej. Moze by¢ tez konieczne zainstalowanie sterownika, w zaleznosci od plat-
formy (szczegétowe instrukcje na stronie).

Mu dziata na Windowsie, OSX i1 na Linuksie.
Kiedy juz zainstalujesz Mu, uruchom go i podtacz swéj micro:bit do komputera przy pomocy kabla USB.

Napisz swoj skrypt w oknie edytora i kliknij ikonke ,,Flash” aby przestaé go do micro:bita. Jesli to nie zadziala,
upewnij sig, ze micro:bit pojawia si¢ w eksploratorze plikéw jako dysk.

1.1 Hello, World!

Tradycyjnie, pierwszym krokiem w nauce nowego jezyka programowania jest stworzenie aplikacji, ktéra wyswietli
komunikat ,,Witaj Swiecie!” (ang. ,,Hello, World”).

To proste z MicroPythonem:

from microbit import x
display.scroll ("Hello, world!")

Kazdy wiersz ma swoje znaczenie. Pierwszy z nich:

from microbit import =«

...méwi MicroPythonowi, by zaimportowat wszystkie rzeczy potrzebne do pracy z BBC micro:bit. Wszystko to
jest w module microbit (modut to biblioteka z wczesniej przygotowanym kodem). Poleceniem import méwisz
MicroPythonowi, ze chcesz uzy¢ danego modutu, a * to sposéb Pythona na okreslenie wszystkiego. Zatem from
microbit import = oznacza,chcg uzy¢ wszystkiego co jest dostgpne w bibliotece microbit”.

Druga linia:



http://codewith.mu/
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display.scroll ("Hello, world!")

...méwi MicroPythonowi, by wySwietlil przesuwajacy si¢ ciag znakéw ,,Hello, world!”. display w tym przypadku
to obiekt (ang. object) z modutu microbit, ktéry reprezentuje fizyczny wyswietlacz urzadzenia (méwimy ,,obiekt”
zamiast ,,rzecz” lub ,,to co§”). By wyda¢ wyswietlaczowi polecenie, po kropce . podajemy komendg — tak naprawde
takie polecenia nazywamy metodami (ang. method). W tym przypadku uzywamy polecenia scroll (ang. przewin).
Polecenie scroll musi wiedzie¢ jakie znaki pokazaé¢ na wySwietlaczu. Wpisujemy je ujete w cudzystéw (") i
zamknigte w nawiasy (( 1 )). W programowaniu to co przekazujemy do metody nazywamy argumentami (ang.
arguments). Zatem display.scroll ("Hello, world!") oznacza, po polsku, ,,chce uzy¢ wyswietlacza by
pokazaé przesuwajacy sig¢ tekst «Hello, world!»”. Jesli metoda nie potrzebuje zadnych argumentéw, musimy to jasno
okresli¢ uzywajac pustych nawiaséw: ().

Skopiuj powyzszy kod do swojego edytora i wgraj go (ang. flash) do urzadzenia. Czy domy§lasz si¢ jak zmienic¢
wySwietlany tekst? Czy mozesz go zmienié tak, by przywitat ciebie? Na przyktad, chcialbym by tekst brzmiat ,,Witaj,
Andrzeju!”. Mata podpowiedZ: musisz zmieni¢ argument metody scroll.

Ostrzezenie: To moze nie dziatac :-)

Tutaj zaczyna si¢ prawdziwa zabawa, a MicroPython stara si¢ by¢ naprawde pomocny. Jesli napotka biad, to na
wyswietlaczu pokaze komunikat btgdu. W miar¢ mozliwosci, pokaze réwniez numer linii kodu, ktéra zawiera
btad.

Python oczekuje, ze wprowadzisz BEZBLEDNY kod. Na przyklad, Microbit, microbit i microBit sa
przez Pythona traktowane jak trzy osobne rzeczy. Jesli w tresSci btedu zobaczysz NameError (btad nazwy),
oznacza to ze prawdopodobnie wpisana nazwa zostala podana niedoktadnie. To jak réznica migdzy ,,Pawlem” i
,»Gawlem” - dwa rézne imiona, cho¢ brzmia i wygladaja podobnie.

Natomiast jesli w tresci bledu zobaczysz SyntaxError (btad sktadni), oznacza to po prostu, ze podany kod jest
niezrozumiaty dla MicroPythona. SprawdZ czy nie brakuje zadnych znakéw specjalnych, jak " czy :. To tak jak
gdyby umiescié. kropke w Srodku zdania. Trudno jest wtedy zrozumieé co autor miat na mysli.

Twdj microbit moze przestac reagowaé: nie uda si¢ zaprogramowaé nowego kodu lub wpisywaé polecenn w konsoli
REPL. W takim przypadku sprébuj odtaczy¢ urzadzenie od pradu i podiaczy¢ ponownie po krétkiej chwili. Chodzi
o to, by odtaczy¢ kabel USB (i kabel baterii jesli jest podiaczony), a po chwili podtaczy¢ ponownie. Moze by¢
takze konieczne zrestartowanie edytora kodu.

1.2 Obrazy

MicroPython jest tak dobry jak to tylko mozliwe, jesli chodzi o sztuke, jesli jedyne czym dysponujesz to macierz 5x5
diod LED (ang. Light Emitting Diodes, diody emitujace §wiatlo na przodzie urzadzenia). MicroPython daje sporo
kontroli nad wyswietlaczem, zatem mozesz uzyskac sporo ciekawych efektéw.

MicroPython posiada wbudowany zestaw obrazéw ktére moze pokaza¢ na wySwietlaczu. Na przyktad, zeby pokazaé
na ekranie szczgSliwa buzke musimy napisaé:

from microbit import =x
display.show (Image.HAPPY)

Mam nadziejg, ze pamigtasz co robi pierwsza linijka powyzej. Druga linia uzywa obiektu display i metody show
(ang. pokaz) do wyswietlenia obrazka. Buzka ktéra chcemy wyswietli¢ jest czgscia obiektu Image (ang. Obraz) i
nazywa si¢ HAPPY (ang. szczgs§liwy). Mowimy metodzie show by uzyla tego obrazka przez podanie jego nazwy w
nawiasach ((1)).

4 Rozdzial 1. Wprowadzenie
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A

0 2

Ponizej znajdziesz listg¢ wszystkich wbudowanych obrazéw:

Image.HEART
Image.HEART_SMALL
Image.HAPPY
Image.SMILE
Image.SAD
Image.CONFUSED
Image.ANGRY
Image.ASLEEP
Image.SURPRISED
Image.SILLY
Image.FABULOUS
Image.MEH
Image.YES
Image.NO

Image.CLOCK12, Image.CLOCK1l1l, Image.CLOCK10, Image.CLOCKY9, Image.CLOCKS8, Image.
CLOCK7, Image.CLOCK6, Image.CLOCK5, Image.CLOCK4, Image.CLOCK3, Image.CLOCK2,

1.2

Obrazy 5
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e Tmage.

Image.

Image.
Image.

Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.

Image.

Image

Image.
Image.
Image.
Image.
Image.
Image.
Image.

Image.

CLOCK1

ARROW_N, Image.ARROW_NE, Image.ARROW_E,
ARROW_SW, Image .ARROW_W, Image . ARROW_NW

TRIANGLE
TRIANGLE_LEFT
CHESSBOARD
DIAMOND
DIAMOND_SMALL
SQUARE
SQUARE_SMALL
RABBIT

cow
MUSIC_CROTCHET
MUSIC_QUAVER
MUSIC_QUAVERS
PITCHFORK
XMAS

PACMAN

TARGET

TSHIRT
ROLLERSKATE

DUCK

.HOUSE

TORTOISE
BUTTERFLY
STICKFIGURE
GHOST

SWORD
GIRAFFE
SKULL
UMBRELLA

SNAKE

Image.ARROW_SE, Image.ARROW_S,

Jest ich bardzo duzo! Moze zmodyfikujesz kod powyzej zeby zobaczy¢ jak wygladaja pozostale obrazy? (Wystarczy
ze zastapisz Image . HAPPY jednym z innych wbudowanych obrazéw ktére sa wypisane powyzej.)

Rozdzial 1. Wprowadzenie
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1.2.1 Obrazy — Zréb to sam

Naturalnie, na pewno chcesz stworzy¢ wtasny obrazek do wyswietlenia, prawda?
To proste.

Kazda dioda LED (dalej nazywana pikselem) na wySwietlaczu moze przyja¢ jedna z dziesigciu wartosci. Jesli piksel
jest ustawiony na 0 (zero), to znaczy ze jest wytaczony. Po prostu jasno$¢ jest ustawiona na zero, dlatego nie Swieci.
Jedli jednak podamy warto$¢ 9 to ustawiamy najwyzszy poziom jasnosci. Warto$ci od 1 do 8 reprezentuja poziomy
jasnosci migdzy O (wylaczony) do 9 (petna jasnos¢).

Majac powyzsze na uwadze, mozemy stworzy¢ wlasny obrazek w ten sposéb:

from microbit import x

boat = Image ("05050:"
"05050:"
"05050:"
"99999:"
"09990™")

display.show (boat)

(Kiedy uruchomisz urzadzenie, na wyswietlaczu pokaze si¢ 16dka z dwoma masztami, ktére bgda nieco ciemniejsze
od kadtuba.)

Wiesz juz jak tworzy¢ obrazki? Widzisz jak kazda linia wySwietlacza jest reprezentowana przez ciag znakow koniczacy
si¢ : (dwukropkiem) i zamknigty w " (cudzystéw)? Kazda liczba okresla jasnos¢. Mamy pigc linii po pigé liczb,
zatem mozemy osobno nada¢ jasno$¢ kazdemu pikselowi na urzadzeniu. Tak wilasnie tworzy si¢ wlasne obrazy.

Proste? Proste!

W zasadzie nie musisz podawac tych warto$ci w kilku liniach. Jesli bedzie to dla ciebie czytelne, to mozesz wszystkie
warto$ci podac¢ w jednej linii:

boat = Image ("05050:05050:05050:99999:09990")

1.2.2 Animacja

Obrazki statyczne sa zabawne, ale bardziej zabawne jest ich poruszenie. To tez jest niesamowicie proste do zrobienia
w MicroPython ~ po prostu uzyj listy obrazkéw!

Tu jest lista zakupéw:

Jaja
Boczek
Pomidory

Oto jak przedstawitbys te list¢ w Python:

zakupy = ["Jaja", "Boczek", "Pomidory" ]

Po prostu utworzytem list¢ nazwana zakupy 1 zawiera ona trzy elementy. Python wie, ze to jest lista poniewaz
jest zawarta w kwadratowych nawiasach ([ i ]). Elementy w liScie sa oddzielone przecinkami (, ) i w tej instancji
elementy sa trzema ciagami znakéw: "Jaja", "Boczek" i "Pomidory". My wiemy, ze sa one ciaggami znakéw
poniewaz s objete znakami cudzystowu ".

W liscie Python mozesz przechowywac cokolwiek. Tu jest lista liczb:

1.2. Obrazy 7
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primes = [2, 3, 5, 7, 11, 13, 17, 19]

Informacja: Liczby nie potrzebuja by¢ w cudzystowie dopdki reprezentuja warto$¢ (w przeciwienistwie do ciagéw
znakéw). Jest r6znica pomigdzy 2 (numeryczna warto$¢ 2) i "2" (znak/cyfra reprezentujaca liczbe 2). Nie martw sig¢
jezeli nie widzisz w tym sensu teraz. Z czasem bedzie to dla Ciebie oczywiste.

Jest nawet mozliwe przechowywanie réznych rodzajow rzeczy w tej samej liScie:

mixed_up_list = ["hello!", 1.234, Image.HAPPY]

Zwrdcite§ uwage na ostatni element? To byt obrazek!

Mozemy powiedzie¢ MicroPythonowi, aby animowat listg obrazkéw. Szczgsliwie mamy juz kilka wbudowanych list
obrazkéw. Sa to Tmage .ALIL_CLOCKS i Image.ALL_ARROWS:

from microbit import x

display.show (Image.ALL_CLOCKS, loop=True, delay=100)

Uzywamy display.show do pokazania listy obrazkéw na ekranie urzadzenia tak, jak w przypadku pojedynczego
obrazka. Jednak méwimy MicroPythonowi uzyj Image . ALL_CLOCKS i on rozumie, ze musi pokaza¢ kazdy obrazek
z listy jeden po drugim. Rozkazujemy tez MicroPythonowi aby powtarzat list¢ obrazkéw (tak wigc animacja trwa
nieskoniczenie) przez loop=True. Ponadto kazemy mu, aby op6Znienia pomigedzy kazdym obrazkiem byly tylko
100 milisekund (0,1 sekundy) w argumencie delay=100.

Czy mozesz domysli¢ sig¢ jak animowaé obrazki z listy Image.ALL_ARROWS? Jak mozesz uniknaé nieskonczo-
nego powtarzania (podpowiedz: przeciwienstwem do True (ang. prawdziwy) jest False (ang. falszywy) chociaz
domys$lna warto$¢ dla 1oop jest False)? Czy potrafisz zmieni¢ predkosé animacji?

Wreszcie tutaj mozesz zobaczy¢ jak utworzy¢ swoja wlasng animacje. W moim przyktadzie zamierzam stworzy¢ 16dz
tonacq na dno ekranu:

*

from microbit import

boatl = Image ("05050:"
"05050:"
"05050:"
"99999:"
"09990")

boat2 = Image ("00000:"
"05050:"
"05050:"
"05050:"
"99999")

boat3 = Image ("00000:"
"00000:"
"05050:"
"05050:"
"05050™)

boat4d Image ("00000:"
"00000:"
"00000:"

"05050:"

8 Rozdzial 1. Wprowadzenie
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"05050™)

boat5 = Image ("00000:"
"00000:"
"00000:"
"00000:"
"05050")

boat6 = Image ("00000:"
"00000:"
"00000:"
"00000:"
"00000"™)

all_boats = [boatl, boat2, boat3, boat4, boat5, boaté6]
display.show(all_boats, delay=200)

A tak dziata ten kod:
» Utworzylem szes¢ obrazkéw boat (ang. t6dZ) w dokladnie ten sam sposéb, jak opisatem powyze;.
* Potem umiescilem wszystkie na liscie, ktérg nazwalem all_boats.
* W koficu poprositem display.show o animacje listy z opéZnieniem 200 milisekund.
* Poniewaz nie uzylem 1oop=True 16dZ utonie tylko raz (to czyni moja animacj¢ naukowo poprawna). :-)

Co chcialby$ animowac¢? Czy chciatby§ animowaé efekty specjalne? Jak by$ zrobit aby obrazek znikat, a potem
pojawial si¢ znowu?

1.3 Przyciski

Jak dotychczas utworzyliSmy kod umozliwiajacy urzadzeniu robienie czegoS. Nazywa si¢ to wyjscie. Musimy tez
jednak umozliwi¢ urzadzeniu reagowanie. To, na co ono reaguje nazywamy wejsciem.

Latwo zapamigtaé: wyjscie dotyczy wszystkiego co wychodzi z urzadzenia, natomiast wejscie to wszystko co przy-
chodzi do urzadzenia w celu przetworzenia.

Najtatwiejsza metoda dostarczenia wejscia sa dwa przyciski, oznaczone A i B. Musimy jako$ zmusi¢ MicroPython do
reagowania na ich nacis$nigcie.

Jest to niezwykle proste:
from microbit import *
sleep(10000) display.scroll(str(button_a.get_presses()))

Ten skrypt $pi przez 10 000 milisekund (czyli 10 sekund), a po tym czasie na wySwietlaczu przewinie si¢ liczba
wcisnigé przycisku A. To wszystko.

Chociaz ten skrypt jest bezuzyteczny, to jednak pokazuje nam kilka ciekawych koncepcji:

1. Funkcja sleep usypia microbit na pewng liczbg milisekund. Jezeli chcesz zatrzymaé program, mozesz to
zrobi¢ uzywajac tej funkcji. Funkcja jest podobna do metody ale nie jest przyporzadkowana do obiektu za
pomoca kropki.

2. Obiekt button_a pozwala ci pobraé liczbg naci$nig¢ przycisku za pomoca metody get_presses.

Metoda get_presses daje nam tylko liczbg, a display. scroll przyjmuje tylko ciagi znakéw. Dlatego musimy
zmienié liczbg na ciag znakéw, co mozemy zrobi¢ za pomoca funkcji st r (skrét od angielskiego stowa ,,string”), ktéra
przetwarza wszystko na ciag znakow.

1.3. Przyciski 9
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Trzeci wiersz jest jak cebula. Jezeli przyjmiesz nawiasy za warstwy cebuli, to zauwazysz, ze display.scroll
zawiera st r, ktéry zawiera button_a.get_presses. Python prébuje rozpracowad najbardziej wewnetrzne wy-
razenia najpierw, zanim przejdzie do nastgpnej warstwy. To nazywa si¢ zagniezdzenie - programistyczny odpowiednik
rosyjskiej matrioszki.

gfg Ry, &P
\S?;::* 03‘5'

LA

Przyjmijmy, ze nacisnates przycisk 10 razy. Python w nastgpujacy sposéb analizuje co si¢ dzieje w trzeciej linii:

Python widzi pelna lini¢ i dostaje warto$¢ get_presses:

display.scroll (str (button_a.get_presses()))

Teraz, gdy Python wie juz ile razy zostal wcisnigty przycisk, skonwertuje warto$¢ liczbowa na ciag znakéw:

display.scroll (str(10))

W koricu Python wie, co ma wySwietli¢ na ekranie:

display.scroll ("10")

Moze ci si¢ wydawad, ze to jest mnéstwo pracy, ale MicroPython robi to niezwykle szybko.

1.3.1 Petle zdarzen

Czesto chcesz aby program poczekal na jakies zdarzenie. Zeby to uzyskaé, musisz zamknaé w petli kawatek kodu
definiujacy jak reagowaé na oczekiwane zdarzenia, takie jak nacis$nigcie przycisku.

Petle w Pythonie tworzymy przy uzyciu polecania while (ang. dopdki). Sprawdza ono czy coS jest True (ang. praw-
dziwe). Jezeli tak jest, to uruchamia blok kodu zwany ciatem petli. Jezeli jednak nie jest, to przerywa wykonywanie
petli (ignorujac ciato petli) i przechodzi do dalszej czgsci kodu.

W Pythonie definiowanie blokéw kodu jest proste. Powiedzmy, ze mam listg rzeczy do zrobienia napisana na kartce
papieru. Moze to wyglada¢ tak:

Zakupy
Napraw uszkodzong rynne
Skos trawnik

10 Rozdzial 1. Wprowadzenie
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Gdybym chcial nieco rozbi¢ moja list¢ rzeczy do zrobienia, to mégtbym napisaé co$ takiego:

Zakupy:
Jaja
Boczek
Pomidory
Napraw uszkodzona rynne:
Pozycz drabine od sasiada
ZnajdzZz miotek 1 gwozdzie
Zwrdé drabine
Skos$ trawnik:
Sprawdz trawnik wokél sadzawki dla zab
SprawdZz poziom paliwa w kosiarce

OczywiScie gtéwne zadania sg podzielone na podrzedne zadania, umieszczone ponizej gtéwnego zadania, z ktérym sa
powiazane i wcigte. Tak wigc Jaja, Boczek i Pomidory sa na pierwszy rzut oka zwiazane z zadaniem Zakupy.
Wocigcia utatwiaja nam sprawdzanie w jaki sposéb zadania s3 powiazane ze soba.

Nazywamy to zagnieZdzeniem. Zagniezdzania uzywamy do definiowania blokéw kodu w ten oto sposdb:

from microbit import =«

while running_time () < 10000:
display.show (Image.ASLEEP)

display.show (Image.SURPRISED)

Funkcja running_t ime zwraca liczbg milisekund od startu urzadzenia.

Liniawhile running_time () < 10000: sprawdza czy czas pracy urzadzenia jest mniejszy od 10 000 milise-
kund (czyli 10 sekund). Jezeli tak, i tu widzimy dziatanie zagniezdzania, to zostanie wySwietlony Image . ASLEEP.
Zwr6¢ uwage na wcigcie kodu po poleceniu while takie jak w naszej liscie zadari.

OczywiScie, jesli czas pracy jest rowny lub wigkszy niz 10 000 milisekund, wéwczas na ekranie pojawi si¢ Image.
SURPRISED. Dlaczego? Poniewaz warunek while (ang. dopdki) bedzie falszywy (ang. False) (running_time
nie jest juz < 10000). W takim przypadku petla jest zakoriczona i program bedzie kontynuowany po bloku kodu
petli while. Bedzie to sprawiaé wrazenie, ze twoje urzadzenie $pi przez 10 sekund zanim obudzi si¢ z zaskoczeniem
na twarzy.

Sprébuj sam!

1.3.2 Obstuga zdarzenia

Jesli chcemy aby MicroPython reagowatl na zdarzenia naci$nigcia przycisku, musimy wprowadzi¢ go w nieskoriczona
petle i sprawdzaé w niej czy przycisk jest wcisnigty (ang. is_pressed).

Nieskoriczona petla jest prosta:

while True:
# rob cos

(Pamigtaj, ze while sprawdza czy co$ jest True przed kazdym wykonaniem bloku kodu. Poniewaz True jest
oczywiscie True przez caty czas, to otrzymujesz nieskoiiczona petle!)

Zrébmy bardzo proste elektroniczne zwierzatko. Jest ono smutne, gdy nie naciskasz przycisku A. A gdy wciSniesz
przycisk B umiera. (Zdaj¢ sobie sprawe, ze to nie jest zbyt przyjemna gra, wigc moze masz pomyst jak ja ulepszy¢.):

1.3. Przyciski 11
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from microbit import =«

while True:
if button_a.is_pressed():
display.show (Image.HAPPY)
elif button_b.is_pressed():
break
else:
display.show (Image.SAD)

display.clear ()

Rozumiesz jak sprawdzi¢, ktére przyciski sa wcisnigte? UzyliSmy 1 f (ang. jesli), e11if (skrét od ,.else if”) (ang. jesli
jednak) oraz else (ang. w pozostatych przypadkach). Sa one nazywane warunkami i dziataja tak:

if cos$ jest True:

# zrob pierwsza rzecz
elif co$ innego jest True:

# zréb nastepna rzecz
else:

# zrob jeszcze cos.

Prawie jak po polsku!

Metoda is_pressed generuje jeden z dwéch wynikéw: True albo False. Jezeli przycisk jest wcisnigty, zwraca
True, w przeciwnym wypadku zwréci False. Powyzszy kod mozna przettumaczy¢ jako ,,przez caty czas: jesli
przycisk A jest wciSnigty - pokazuj szczeSliwa twarz, jesli jednak przycisk B jest wcisnigty - przerwij petle, a w
pozostatych przypadkach pokaz smutng ming”. Przerywamy petle (zatrzymujac dziatajacy przez caty czas program)
za pomocg instrukcji break (ang. przerwij).

Na samym konicu, kiedy elektroniczne zwierzatko nie zyje, czy$cimy (ang. clear) ekran.

Wiesz jak uczyni¢ t¢ gre mniej tragiczna? Jak sprawdzitabys, czy oba przyciski sa wcisnigte? (PodpowiedZ: Python
ma operatory logiczne ,,i” (ang. and), ,Jlub” (ang. or) oraz ,nie” (ang .‘‘not‘‘), ktéorymi mozna sprawdzi¢ wiele
warunkéw (wyrazen, ktére maja warto$¢ True lub False).

1.4 Wejscie/Wyjscie

Na dolnej krawedzi micro:bita znajdujg si¢ paski metalu, ktére sprawiaja, ze urzadzenie wyglada jakby miato z¢by.
Sa to piny wejscia/wyjscia, w skrdcie piny we/wy (ang. input/output - I[/O).
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Niektore piny sa wigksze od innych, aby byto mozliwe podiaczenie do nich krokodylkéw (zaciskéw). Sa one ozna-
czone 0, 1, 2, 3V oraz GND (komputery zawsze zaczynaja liczy¢ od zera). Jesli podtaczysz ptytke zlacza krawedzio-
wego do urzadzenia, bedziesz mégt podiaczac kabelki réwniez do pozostatych (mniejszych) pindw.

Kazdy pin micro:bita jest reprezentowany przez obiekt o nazwie pinN, gdzie N jest numerem pinu. Zatem, na przy-
ktad, aby zrobi¢ co§ z pinem oznaczonym numerem O (zero) uzyj obiektu o nazwie pin0.

Proste!

Te obiekty posiadaja rézne metody, w zaleznosci od tego, do czego dany pin moze zosta¢ wykorzystany.

1.4.1 Delikatny Python

Najprostszym przyktadem wejscia przez pin jest sprawdzenie, czy jest on dotknigty. W taki oto sposéb mozesz
potaskotac swoje urzadzenie, aby je roz§mieszy¢:

from microbit import =x

while True:
if pin0O.is_touched() :
display.show (Image.HAPPY)
else:
display.show (Image.SAD)

Jedna rgka trzymaj urzadzenie za pin GND. Nastgpnie, drugg reka dotknij (lub potaskocz) pin O (zero). Powinienes$
zobaczy¢ na wy§wietlaczu zmiang z miny smutnej na szcze§liwa!

1.4. Wejscie/Wyjscie 13
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To jest tylko bardzo podstawowa forma sprawdzenia dzialania wejscia. Prawdziwa zabawa zaczyna si¢, gdy do pinéw
podtaczysz obwody oraz inne urzadzenia.

1.4.2 Piski i buczenia

Najprostsza rzecza, ktére mozemy podtaczy¢ do naszego urzadzenia jest brzeczyk piezoelektryczny. Uzyjemy go jako
wyjscie.

To mate urzadzenie wydaje wysoki dZzwigk, kiedy zostanie podtaczone do obwodu. Aby podiaczy¢ je do swojego
micro:bita, mozesz przypia¢ krokodylki do pinu 0 oraz GND (jak wida¢ na ponizszym obrazku).
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Kabel z pinu 0 powinien by¢ podiaczony do dodatniego ztacza brzeczyka, a kabel z pinu GND do ztacza ujemnego.

Ponizszy program sprawi, ze brzgczyk wyda dZwigk:

from microbit import =«

pin0O.write_digital (1)

Jest to zabawne przez okoto 5 sekund, ale potem bedziesz chcial wylaczy¢ ten okropny dzwigk. Rozbudujmy nasz
przyktad i sprawmy, aby urzadzenie wydawato piski:

from microbit import =«

while True:
pinO.write_digital (1)
sleep (20)

1.4. Wejscie/Wyjscie 15




BBC micro:bit MicroPython Documentation, Wydanie 0.0.1

pinO.write_digital (0)
sleep (480)

Czy domyslasz sig¢ jak dziata ten skrypt? Pamigtaj, ze w cyfrowym Swiecie 1 oznacza ,,wlaczony”, za$ 0 ,,wylaczony”.

Urzadzenie jest wprowadzane w nieskoriczona petle i natychmiast wiacza pin 0. To powoduje, ze brzgczyk wydaje
pisk. Podczas gdy brzeczyk piszczy, urzadzenie usypia na 20 milisekund, a nastgpnie wylacza pin 0. Daje to efekt
krétkiego pisku. W koncu, urzadzenie usypia na 480 milisekund, zanim rozpocznie petle od poczatku. To znaczy, ze
ustyszysz dwa piski na sekunde (jeden co 500 milisekund).

StworzyliSmy bardzo prosty metronom!

1.5 Muzyka

MicroPython na BBC micro:bit zawiera bogaty w mozliwo$ci modul muzyki i dZwigku. Dzigki niemu mozna w prosty
spos6b zaprogramowaé BBC micro:bit do wygenerowania pisnig¢ i innych odgloséw. Oczywiscie, aby co§ ustyszec
trzeba podtqczy¢ gtosniki — za pomoca krokodylkéow podtacz pin 0 oraz GND do wejs¢ gto$nika. Nie ma znaczenia
ktéry zacisk do ktérego wejScia zostanie podtaczony.

16 Rozdzial 1. Wprowadzenie




BBC micro:bit MicroPython Documentation, Wydanie 0.0.1

Informacja: Do tego celu nie uzywaj brzgczyka piezoelektrycznego, ktéry moze generowac tylko pojedynczy ton.

Zagrajmy coS!:

import music

music.play (music.NYAN)

Zauwaz, ze importujemy modul music. Zawiera on polecenia wykorzystywane do wytwarzania i kontrolowania
dzwigkow.

MicroPython ma do$¢ duzo wbudowanych melodii. Oto ich kompletna lista:

* music.DADADADUM

1.5. Muzyka 17
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* music.ENTERTAINER
* music.PRELUDE

* music.ODE

* music.NYAN

* music.RINGTONE

* music.FUNK

* music.BLUES

* music.BIRTHDAY

* music.WEDDING

* music.FUNERAL

* music.PUNCHLINE
* music.PYTHON

* music.BADDY

* music.CHASE

* music.BA_DING

* music.WAWAWAWAA
* music.JUMP_UP

e music.JUMP_DOWN
* music.POWER_UP

* music.POWER_DOWN

Pobierz ktorys z przyktadowych kodéw i odtwérz melodig. Ktdéra podoba Ci si¢ najbardziej? Masz pomyst na ich
wykorzystanie jako sygnaty?

1.5.1 Wolfgang Amadeusz Microbit

Zaprogramowanie swojej wlasnej melodii jest bardzo tatwe!

Kazda nuta ma nazwe¢ (np. C# lub F), oktawg (okreslajaca jak wysoko lub nisko dZwigk ma by¢ grany) oraz dtugosé
(przez jaki czas dZwigk ma by¢ grany). Oktawy sa oznaczone liczbami ~ 0 oznacza najnizsza oktawe, oktawa 4 zawiera
srodkowe C, a 8 jest tak wysoko, ze wyzszej juz nie bedziesz potrzebowac, chyba ze zechcesz tworzy¢ muzyke dla
pséw. Dlugosé dzwigku jest réwniez wyrazana jako liczby. Im wigksza liczba tym dluzej nuta bedzie odtwarzana.
Te wielkoSci sa od siebie zalezne, np. po wprowadzeniu wartos$ci 4, nuta bedzie odtwarzana 2 razy dluzej niz po
wprowadzeniu 2 itd. Jes§li zamiast nuty wpiszesz ,,R”, to MicroPython w tym miejscu zrobi pauz¢ (ang. rest) o
zadanej dtugosci.

Kazda nuta opisywana jest jako ciag znakéw:

NUTA [oktawa] [ :diugosc]

Na przyktad, "Al: 4" opisuje nutg A w oktawie numer 1 o dlugosci 4.

Utworz listg nut, ktére stworza melodig. Ponizej znajduje si¢ zapis, dzigki ktéremu MicroPython zagra poczatek
melodii ,,Panie Janie”:
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import music

tune = ["C4:4", "D4:4", "E4:4", "C4:4", "C4:4", "D4:4", "E4:4", "C4:4",
"E4:4", "F4:4", "G4:8", "E4:4", "F4:4", "G4:8"]
music.play (tune)

Informacja: MicroPython umozliwia zapisywanie takich melodii w uproszczony sposéb. Zapamigta oktawe oraz
dlugos$¢ nuty i bedzie je wykorzystywat az do wprowadzenia nowych wartosci. Dzigki temu powyzszy przyktad moze
zostaé zapisany tak:

import music

tune = [,,C4:4”, ,,D”, ,E”, .,C”,,C”,,D”, ,E”, .C”, ,E”, ,F’, ,,G:8”,
»B:4”, B, ,G:87]

music.play(tune)

Zauwaz, ze wartosci okreslajace oktawe i czas trwania sa wpisywane tylko wtedy, kiedy sa zmieniane. Dzigki temu
kod jest tatwiejszy zar6wno do napisania jak i do odczytania.

1.5.2 Efekty dzwiekowe

MiroPython umozliwia tworzenie melodii i dZwigkéw zapisanych inaczej niz nutami. Na przyktad dzigki ponizszemu
kodowi mozemy uzyskaé efekt syreny policyjne;j:

import music

while True:
for freq in range (880, 1760, 16):
music.pitch (freqg, 6)
for freqg in range (1760, 880, -16):
music.pitch (freq, 6)

Zwr6¢ uwage, ze w tym przypadku uzyliSmy metody music.pitch. Wymaga ona podania czgstotliwosci. Na
przyktad czestotliwo$¢ 440 to koncertowe A uzywane do strojenia instrumentéw w orkiestrze symfoniczne;.

W powyzszym przykladzie funkcja range (ang. zakres) jest wykorzystana do wygenerowania zakres6w nume-
rycznych warto$ci. Te liczby sa uzyte do zdefiniowania wysokosci tonu. Te trzy argumenty dla funkcji range to
odpowiednio wartos$¢ poczatkowa zakresu, warto$¢ koncowa i krok. Zatem pierwsze uzycie range, méwi po polsku
,»utworz przedziat liczb pomigdzy 880 a 1760 o kroku 16”. Drugie uzycie range méwi ,,utwérz przedziat wartosci
pomiedzy 1760 a 880 o kroku -16”. W ten sposéb uzyskamy zakres czgstotliwosci, ktére stopniowo zwigkszajac sig i
zmniejszajac tworza dZzwigk przypominajacy syrene.

Poniewaz dZwigk syreny powinien trwac nieskonczenie dlugo, jest on wpisany w niekorficzaca si¢ petle while.

Co wazne, wprowadziliSmy nowy rodzaj petli wewnatrz petli while (ang. dopdki): petle for (ang. dla). Po polsku
to jest tak, jak powiedzie¢ ,,dla kazdego elementu w pewnym zbiorze, wykonaj z nim pewna czynnos$¢”. Konkretnie
w powyzszym przypadku to oznacza ,,dla kazdej czgstotliwosci w okre§lonym w zakresie, graj ton o tej czgstotli-
wosci przez 6 milisekund”. Zwr6¢ uwage na wcigcia przy kazdym wierszu wewnatrz petli for (mowiliSmy o tym
wczesniej), sprawiaja one, ze Python doktadnie wie, ktéry kod uruchomié aby obstuzy¢ poszczegdlne elementy.

1.5. Muzyka 19




BBC micro:bit MicroPython Documentation, Wydanie 0.0.1

1.6 Losowos¢é

Czasem chcesz pozostawié rzeczy szczesciu, lub odrobing je pomiesza¢. Stowem: chcesz, by urzadzenie dziatato
losowo.

MicroPython zawiera modul random, wprowadzajacy element losowy oraz odrobing chaosu do Twojego kodu. Oto
przyktadowy kod przewijajacy na wyswietlaczu losowe imig:

from microbit import =«
import random

names = ["Mary", "Yolanda", "Damien", "Alia", "Kushal", "Mei Xiu", "Zoltan" ]

display.scroll (random.choice (names))

Lista (names) zawiera siedem imion zdefiniowanych jako taricuchy znakéw. Ostatnia linia jest zagniezdzona (efekt
,cebuli” zaprezentowany wczesniej): metoda random. choice przyjmuje jako argument list¢ names oraz zwraca
jej losowy element. Element ten (losowo wybrane imig) jest argumentem dla display.scroll.

Czy mozesz zmodyfikowac listg tak, by zawierata wybrane przez Ciebie imiona?
1.6.1 Losowe Liczby

Losowe liczby sa bardzo uzyteczne. Czesto uzywane sa w grach. Po c6z innego mamy kostki?

MicroPython zawiera wiele uzytecznych metod powiazanych z losowymi liczbami. Oto przyklad prostej kosci do gry:

from microbit import =«
import random

display.show(str (random.randint (1, 6)))

Po kazdym restarcie urzadzenia, wySwietla ono numer z zakresu 1-6. Zaczynasz zapoznawac si¢ z zagniezdzaniem,
warto wigc zauwazy¢, ze random. randint zwraca liczbg catkowita z podanego przedziatu wiacznie (liczba catko-
wita nazywana jest integer, stad nazwa metody). Zauwaz, ze skoro display . show oczekuje znaku alfabetycznego,
uzywamy funkcji st r do zamiany numeru na znak (na przyklad: 6 na "6").

W wypadku, gdy zawsze potrzebujesz liczny z przedzialu pomigedzy 0 a N, uzywaj metody random.randrange.
Gdy podasz jej pojedynczy argument, zwréci losowa liczbe catkowita z przedziatu od 0 do N wlacznie (w przeciwien-
stwie do funkcji random. randint).

Czasami potrzebujesz liczby z miejscem po przecinku. Nazywamy je liczbami zmiennoprzecinkowymi i mozna je
uzyskac uzywajac metody random. random. Zwraca ona warto$¢ z przedziatu domknigtego od 0.0 do 1. 0. Jezeli
potrzebujesz duzej liczby zmiennoprzecinkowej dodaj random. randrange do random. random, jak ponize;j:

from microbit import =«
import random

answer = random.randrange (100) + random.random/()
display.scroll (str (answer))

1.6.2 Ziarno Chaosu

Losowe liczby generowane przez komputery nie sa naprawde losowe. Zwracaja jedynie pseudolosowe rezultaty za-
czynajac od ziarna. Warto$¢ ziarna generowana jest na podstawie pseudolosowej wartosci, takiej jak obecna godzina
i/lub odczyty z sensoréw sprzgtowych.
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Czasem chcesz osiagnaé powtarzalne, pseudolosowe zachowanie: odtwarzalne ziarno. To jakby oczekiwaé tych sa-
mych, losowych wynikéw pigciu kolejnych rzutéw koscia.

Mozna to fatwo osiagnaé ustalajac odgdrnie warto$¢ ziarna. Dla danego ziarna generator liczb losowych bedzie
tworzy! te sama pule liczb losowych. Ziarno jest ustawiane poprzez random. seed jako dowolna liczba catkowita.
Ponizsza wersja programu do rzutu koscig poda zawsze ten sam rezultat:

from microbit import x
import random

random.seed (1337)
while True:
if button_a.was_pressed() :
display.show(str (random.randint (1, 6)))

Czy dostrzegasz, czemu powyzszy program oczekuje wcisnigcia klawisza A, w przeciwiefistwie do restartu urzadzenia
z poprzedniego przyktadu?

1.7 Ruch

BBC micro:bit ma wbudowany akcelerometr. Mierzy on ruch wzdtuz trzech osi:
*X - przechylanie od lewej do prawej. *Y - przechylanie do przodu i do tytu. *Z - poruszanie gére i w dét.

Dla kazdej z osi jest metoda zwracajaca liczbg dodatnig lub ujemna, wskazujac pomiar w mili-g. Kiedy wyswietlacz
pokazuje 0, oznacza to, ze przyrzad jest réwnolegty do danej osi.

Ponizszy przyktad pokazuje bardzo prosta poziomice wykorzystujaca metode get_x mierzaca jak bardzo urzadzenie
jest wypoziomowane wzgledem osi X.

from microbit import *
while True: reading = accelerometer.get_x() if reading > 20:
display.show(,,R”)
elif reading < -20: display.show(,,L”)
else: display.show(,,-,,)

Jezeli trzymasz urzadzenie ptasko, powinno ono wyswietli¢ —; jednak jezeli tylko obrécisz je w lewo lub w prawo,
pokaze ono odpowiednio L lub R.

Chcemy, aby urzadzenie natychmiastowo reagowato na zmiany, dlatego tez uzyliSmy nieskoriczonej petli while.
Pierwsza rzecz, ktéra stanie si¢ w ciele petli, to pomiar wzdtuz osi X nazwany reading (pol. odczyt). Poniewaz
akcelerometr jest bardzo czuly, urzadzenie jest uznane za wypoziomowane kiedy wartosci znajduja si¢ w granicy +/-
20. Dlatego wtasnie warunki i f oraz elif sprawdzaja dla wartodci >20 oraz <-20. Wyrazenie el se oznacza, ze
jezeli reading znajduje si¢ pomiedzy -20 i 20, to urzadzenie uwazane jest za wypoziomowane. Dla kazdego z tych
warunkéw do pokazania odpowiednich znakéw uzywamy wyswietlacza.

Istnieje réwniez metoda get_y dla osi Y oraz get_z dla osi Z.

Zastanawiales si¢ kiedy$ w jaki sposdb telefon komérkowy rozpoznaje w ktdra strong jest zwrdcony i w jaki sposéb
ma by¢ zorientowany wyswietlany obraz na ekranie? Potrafi to wlasnie dzigki wbudowanemu akcelerometrowi dziata-
jacemu doktadnie jak ten w powyzszym programie. Kontrolery gier réwniez zawieraja akcelerometry umozliwiajace
sterowanie i poruszanie si¢ w grach.
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1.7.1 Muzyczny Zamet
Jednym z najcudowniejszych aspektéw MicroPython na BBC micro:bit jest tatwos¢ z jaka mozna taczy¢ rézne moz-
liwosci tego urzadzenia. Na przyktad zamieiimy go (w pewnym sensie) w instrument muzyczny.

Podtacz glosnik zgodnie z instrukcja w rozdziale Muzyka. Uzyj krokodylkéw. Potacz styki O oraz GND z dodatnim i
ujemnym wejsciem glosnika — nie ma znaczenia ktére wejscie z ktérym stykiem zostanie potaczone.

Co si¢ stanie jak wykorzystamy odczyty z akcelerometru i stworzymy na ich podstawie dZwigki o danym tonie?
Przekonajmy sig:

from microbit import =x
import music

while True:
music.pitch (accelerometer.get_y (), 10)
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Kluczowa linijka znajduje si¢ na koficu i jest niewiarygodnie prosta. ZagniezdZamy odczyt z osi Y jako czestotliwosé
wprowadzang do metody music.pitch. Poniewaz chcemy, zeby ton byt zmieniany tak szybko jak urzadzenie jest
przechylane, pozwalamy mu graé tylko przez 10 milisekund. Dzigki temu, ze urzadzenie jest w niekoniczace;j si¢ petli
while, nieustannie reaguje na zmiany w odczytach osi Y.

To wystarczy!

Przechyl urzadzenie do przodu i do tytu. Jezeli odczyt wzdtuz osi Y jest dodatni, zmieni wysokos$¢ dZzwigku granego
przez micro:bit.

Wyobraz sobie catq orkiestr¢ symfoniczng takich urzadzen. Mozesz zagra¢ melodi¢? Jakie zmiany wprowadzitbys do
programu, aby micro:bit brzmiat bardziej muzykalnie?

1.8 Gesty

Naprawde interesujacym efektem ubocznym posiadania akcelerometru jest wykrywanie gestow. Jesli poruszysz
swoim micro:bitem w pewien specjalny sposéb (jak przy wykonywaniu gestu), MicroPython jest w stanie to wykry¢.

MicroPython potrafi rozpoznaé nastgpujace gesty: up (ang. w goérg), down (ang. w dob), left (ang. w lewo),
right (ang. w prawo), face up (ang. zwrécony w gére), face down (ang. zwrécony w dot), freefall (ang.
swobodne spadanie), 3g, 69, 8g, shake (ang. potrzasnigcie). Gesty zawsze sa reprezentowane przez ciagi znakow.
Podczas gdy wigkszo$¢ z tych nazw powinna by¢ oczywista, gesty 3g, 6g oraz 8g odnosza si¢ do sytuacji, w ktérej na
urzadzenie oddziatluja odpowiadajace poziomy przeciazenia (jak na astronautg, kiedy jest wystrzeliwany w kosmos).

Aby pobra¢ aktualny gest uzyj metody accelerometer.current_gesture. Jej wynikiem bedzie jeden z na-
zwanych gestow z powyzszej listy. Na przyktad, ten program sprawi, ze Twoje urzadzenie bedzie szczgsliwe tylko,
kiedy bedzie zwrdécone ku gorze:

from microbit import =«

while True:

gesture = accelerometer.current_gesture ()
if gesture == "face up":

display.show (Image.HAPPY)
else:

display.show (Image.ANGRY)

Poniewaz chcemy, aby urzadzenie reagowalo na zmieniajace si¢ okolicznosci, uzywamy petli while. Wewnatrz petli
aktualny gest jest odczytywany i podstawiany pod zmienng gesture. Warunek if sprawdza, czy gesture jest
réwna "face up" (Python uzywa == aby sprawdzi¢ rownos¢, pojedynczy znak réwnosci = jest uzywany do przypi-
sywania - tak samo jak przypisujemy odczyt gestu do objektu gesture). Jezeli gesture jestréwna "face up",
uzywamy wySwietlacza do pokazania szczesliwej miny. W przeciwnym przypadku, urzadzenie wyswietli rozztosz-
czong ming.

1.8.1 Magic-8

Magiczna bila 8 to zabawka wynaleziona w latach pigédziesiatych. Pomyst polega na zadaniu pytania typu tak lub
nie, potrzasnigciu bila i poczekaniu, az wyjawi prawde. Raczej fatwo jest napisaé dziatajacy w taki sposob program:

from microbit import =«
import random

answers = [
"To pewne",
"Zdecydowanie tak",
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"Bez watpienia',

"Tak, z pewnoscia",

"Mozesz na tym polegac",

"Jak ja to widze, tak",
"Najprawdopodobnieij",

"Wyglada dobrze",

"Tak",

"Znaki wskazuja na tak",

"OdpowiedZ niejasna, sprdébuj ponownie",
"Zapytaj ponownie pdiniej",

"Lepiej, abym teraz nie powiedziata",
"Nie moge teraz przewidziec",
"Skoncentruj sie 1 zapyta]j ponownie",
"Nie licz na to",

"Moja odpowiedz brzmi nie",

"Moje zrdédita méwiag nie",

"Nie wyglada to dobrze",

"Bardzo watpliwe",

while True:
display.show("8")
if accelerometer.was_gesture ("shake") :
display.clear ()
sleep (1000)
display.scroll (random.choice (answers))

Wigkszo$¢ programu to tablica nazwana answers (ang. odpowiedzi). Sama gra znajduje si¢ w petli while na
koficu.

Domyslny stan gry wySwietla cyfre "8". Jednak program musi wykry¢, Ze nastapilo potrzasnigcie. Metoda
was_gesture uzywa swojego argumentu (w tym przypadku ciagu "shake", poniewaz chcemy wykry¢ potrza-
Snigcie) i zwraca True lub False.

Jezeli urzadzenie bylo potrzasnigte, warunek if wykonuje swdj blok kodu, w ktérym czysci ekran, czeka przez
sekunde (aby urzadzenie wygladalo, jakby zastanawialo si¢ nad twoim pytaniem), a nastgpnie wySwietla losowo
wybrang odpowiedz.

Nie masz wrazenia, ze jest to najlepszy program na $wiecie? Co mdglbys zrobié, aby ,,0szukac” i uzyskac zawsze
pozytywna lub negatywna odpowiedz? (PodpowiedzZ: uzyj przyciskow).

1.9 Kierunek

Na urzadzeniu BBC micro:bit znajduje si¢ kompas. Jezeli kiedykolwiek zrobisz stacjg pogodowa, mozesz uzy¢ mi-
cro:bita do sprawdzania kierunku wiatru.

1.9.1 Kompas

Urzadzenie moze réwniez wskazaé kierunek péinocny:

from microbit import =«
compass.calibrate ()

while True:
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needle = ((15 - compass.heading()) // 30) % 12
display.show (Image.ALL_CLOCKS [needle])

Informacja: Przed dokonaniem pomiaru nalezy skalibrowa¢ urzadzenie. W innym wypadku rezultaty beda
niepoprawne. Aby urzadzenie zorientowato si¢ w swoim ustawieniu wzgledem pola magnetycznego Ziemi, metoda
calibration uruchamia mata, Smieszna gre.

Aby skalibrowaé kompas, obracaj micro:bitem, dopdki krancowe piksele wySwietlacza nie utworza kota.

Program uzywa compass.heading i, wraz z prosta, acz pigkna matematyka, podloga i sufitem // oraz reszta z
dzielenia %, wyprowadza pozycje wskazéwki zegara, po czym wyswietla ja tak, by pokazywata mniej wigcej péinoc.

1.10 Przechowywanie danych

Czasami potrzebujesz trwale zachowac uzyteczne informacje. Takie informacje przechowywane sg jako dane (cyfrowa
reprezentacja informacji przechowywanych na komputerze). Zachowane na komputerze dane powinny przetrwaé
nawet jesli wylaczysz i ponownie wlaczysz urzadzenie.

Na szczgscie MicroPython na minikomputerze micro:bit pozwala Ci to osiagnaé za pomocg prostego systemu plikéw.
Z powodu ograniczef pamigci, na system plikéw dostepne jest tylko okoto 30k.
Czym jest system plikow?

To sposdb przechowywania i organizowania danych w sposéb trwaly - dane zapisane w systemie plikéw powinny
przetrwac restart urzadzenia. Tak jak sugeruje to nazwa dane zapisywane w systemie plikow przechowywane sa jako
pliki.
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(W jezyku angielskim stowo file, ttumaczone jako plik, oznacza takze dokument - przyp. ttum.)

Plik (komputerowy) jest posiadajacym nazwe zasobem cyfrowym, ktéry przechowywany jest w systemie plikow.
Zasoby takie przechowuja uzyteczne informacje jako dane. To swego rodzaju oznakowany pojemnik przechowujacy
informacje. Zazwyczaj nazwa pliku oddaje to co plik zawiera. Zwyczajowo nazwy plikéw komputerowych konczy
si¢ sufiksem .cos. Zazwyczaj to .cos$ wskazuje jaki typ danych zostal uzyty do reprezentacji informacji. Na
przyktad, .txt oznacza plik tekstowy, . jpg obraz w formacie JPEG a .mp3 dane dZwigkowe przetworzone do
postaci cyfrowej algorytmem MP3.

Niektére systemy plikéw (taki jak ten na Twoim laptopie albo komputerze stacjonarnym) pozwalaja na organizowanie
plikéw w katalogi — posiadajace nazwe pojemniki, ktére grupuja powigzane ze soba pliki i podkatalogi. Jednakze
system plikow dostepny w MicroPythonie jest ptaskim systemem plikéw. Plaski system plikéw nie posiada katalogéw
— wszystkie Twoje pliki sa po prostu przechowywane w jednym i tym samym miejscu.

Jezyk programowania Python zawiera tatwe w uzyciu i bardzo skuteczne metody pracy z komputerowym systemem
plikéw. W MicroPythonie na minikomputerze micro:bit zaimplementowano uzyteczny podzbiér tych metod. Pozwa-
laja one w tatwy sposéb odczytywac i zapisywac pliki z i do urzadzenia, jednoczesnie zapewniajac zgodnos¢ z innymi
wersjami Pythona.

Ostrzezenie: Wgrywanie programdéw na minikomputer micro:bit KASUJE WSZYSTKIE DANE poniewaz ope-
racja ta nadpisuje pamigé flash uzywana przez urzadzenie, a system plikéw takze jest w niej przechowywany.

Jezeli jedynie wylaczysz swoje urzadzenie, dane pozostang nienaruszone do czasu, az je usuniesz albo zatadujesz
na urzadzenie nowy program.
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1.10.1 Sezamie otworz sie

Odczyt i zapis w systemie plikow wykonywany jest za pomoca funkcji open (ang. otwérz). Kiedy plik jest juz
otwarty mozesz z nim robi¢ rozmaite rzeczy, do czasu az go zamkniesz. To bardzo wazne aby$ zamykat pliki po to,
zeby MicroPython wiedziat, ze skonczyte$ z nimi pracowac.

Aby mie¢ pewno$c, ze tak si¢ stanie najlepszym sposobem jest uzycie instrukcji with w nastgpujacy sposob:

with open('story.txt') as my_file:
content = my_file.read()
print (content)

Instrukcja with uzywa funkcji open aby otworzy¢ plik i przypisaé go do obiektu. W powyzszym przyktadzie funkcja
open otwiera plik story.txt (zapewne tekstowy plik z jaka$ historyjka [ang. story - opowies¢]). Obiekt, ktéry
w Pythonie reprezentuje ten plik nazywa si¢ my_ file (ang. mdj_plik). Nastepnie, we wcigtej linijce programu pod
instrukcja with, obiekt my_file zostaje uzyty aby odczyta (funkcja read () ) zawarto$¢ pliku i przypisaé ja do
obiektu content.

Wazna uwaga: nastepna linijka zawierajqca instrukcje print nie jest wcigta. Blok programu zwiazany z instrukcja
with ztozony jest tylko z jednej linijki wczytujacej plik. Jak tylko blok programu zwiazany z instrukcja with
zostanie zamkniety Python (a takze MicroPython) automatycznie zamknie plik za Ciebie. To tak zwana obsluga
kontekstu — funkcja open tworzy obiekty, ktére sa identyfikatorami kontekstu dla plikéw.

Moéwiac prosciej, zakres programu, w ktérym operujesz na pliku jest zwiazany z blokiem instrukcji with, ktéra stuzy
do jego otwarcia.

Zdezorientowany?
Niepotrzebnie. Méwig po prostu, ze Twoj program powinien wyglada¢ w nastgpujacy sposob:

with open(«some_file») as some_object: # W tym bloku programu, zwiazanym z instrukcja with, #
zréb cos z obiektem some_object.

# Kiedy MicroPython dojdzie do korica tego bloku, # automatycznie zamknie plik za Ciebie.

Plik komputerowy otwieramy z dwdch powodéw — aby odczytaé jego zawartos$¢ (jak to pokazano powyzej), albo zeby
do niego co$ zapisaé. DomySlnym trybem jest tryb odczytu. Jesli chcesz pisa¢ do pliku musisz powiedzie¢ o tym
funkcji open w nastgpujacy sposéb:

with open(«hello.txt», «<w») as my_file: my_file.write(,,Hello, World!”)

Zwr6¢ uwage na argument 'w', ktéry zostat uzyty aby ustawi¢ obiekt my_file w tryb zapisu. Aby ustawic obiekt
pliku w tryb odczytu, mozesz przekazaé argument ' r', ale poniewaz jest to zachowanie domyslne rzadko sig to robi.

Zapis danych do pliku odbywa si¢ za pomoca metody (dobrze odgadtes) write (ang. pisz). Przyjmuje ona, jako
argument, taincuch znakéw (ang. string), ktéry chcesz zapisaé¢ do pliku. W powyzszym przyktadzie zapisalem do
pliku ,.hello.txt” napis ,,Hello, World!”.

Proste!

Informacja: Kiedy otwierasz plik aby do niego pisaé (mozliwe, ze nawet wielokrotnie, dop6ki jest otwarty) bedziesz
nadpisywacé jego zawarto$¢ jesli plik juz istnieje.

Jesli cheesz doda¢ dane do pliku powinienes/powinna$ najpierw go wczytaé, zachowaé gdzie$ jego zawartos¢, za-
mknaé go, dodaé (nowe) dane do zachowanej zawartosci a nastgpnie otworzy¢ plik ponownie i wpisa¢ uaktualniona
zawartos¢.

Tak wtasnie postgpuje MicroPython; ,,zwyczajny” Python potrafi otwiera¢ pliki w trybie dodawania (,,append”). Po-
wodem, dla ktérego nie mozemy tego zrobi¢ na minikomputerze micro:bit jest uproszczony sposéb implementacji
systemu plikow.
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1.10.2 Na pomoc systemie operacyjny

Oproécz czytania z i pisania do plikéw, Python potrafi takze wykonywac z nimi inne operacje. Z pewnoscia chcesz
wiedziec jakie pliki znajduja si¢ w systemie plikéw, a czasami takze je z niego usunag.

Na zwyktym komputerze, w imieniu Pythona, to system operacyjny (taki jak Windows, OSX czy Linux) zarzadza
plikami. W Pythonie odpowiednie do tego funkcje dostgpne sa za posrednictwem modulu os. Poniewaz jednak sam
MicroPython jest systemem operacyjnym postanowiliSmy, dla spdjnosci, pozostawié te funkcje w module os, tak aby$
wiedziat(a) gdzie je znalez¢ gdy bedziesz uzywac normalne j wersji Pythona na urzadzeniach takich jak laptop czy
Raspberry Pi.

Zasadniczo mozesz wykona¢ trzy operacje zwigzane z systemem plikéw: uzyskac liste plikéw, usunaé plik oraz
zapytaé o rozmiar pliku.

Aby uzyskac listg plikéw w Twoim systemie plikéw uzyj funkcji 1istdir. Zwraca ona listg tancuchéw znakowych
reprezentujacych nazwy plikow:

import os
my_files = os.listdir ()

Aby skasowac plik uzyj funkcji remove (ang. usuii). Przyjmuje ona jako argument taricuch znakowy reprezentujacy
nazwe pliku, ktory chcesz skasowaé w nastgpujacy sposob:

import os
os.remove ('filename.txt")

Wreszcie, czasami przydaje si¢ wiedzie¢ jak duzy jest plik zanim rozpocznie si¢ jego wczytywanie. Osiagniesz to
uzywajac funkcji size (ang. wielko§¢). Tak jak funkcja remove przyjmuje ona taficuch znakéw reprezentujacy
nazwe pliku, ktérego rozmiar chcesz poznaé. Funkcja zwraca warto$¢ calkowita oznaczajaca liczbe bajtéw, ktore
zajmuje plik:

import os
file_size = os.size('a_big file.txt")

Bardzo fajnie, ze na minikomputerze dostgpny jest system plikow, ale co jesli chcemy pobraé z niego albo zatadowaé
na niego plik z zewnatrz?

Uzyj po prostu narzgdziamicrofs!

1.10.3 Przesytanie plikow

Jesli na komputerze, ktérego uzywasz do oprogramowywania swojego BBC micro:bit, masz zainstalowanego Py-
thona, mozesz uzy¢ specjalnego narzedzia zwanego microfs (nazywanego skrétowo ufs jesli uzywany jest z linii
komend). Instrukcje instalacji i petny opis uzycia wszystkich funkcji znajdziesz w dokumentacji tego narzedzia.

Niemniej jednak wigkszo$¢ potrzebnych rzeczy mozna wykona¢ za pomocg czterech prostych polecen:

$ ufs 1s
story.txt

Komenda 1s wyswietla list¢ plikéw znajdujacych si¢ w systemie plikéw (zostata nazywa tak samo jak dobrze znana
Uniksowa komenda 1 s, ktéra ma doktadnie to samo zadanie).

$ ufs get story.txt

Komenda get pobiera plik z podiaczonego minikomputera micro:bit i zapisuje go do biezacego katalogu na Twoim
komputerze (nazwana zostata tak samo jak komenda get popularnego protokotu przesytu plikéw — FTP, ktora spetnia
to samo zadanie).
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’$ ufs rm story.txt

Komenda rm usuwa plik o podanej nazwie z systemu plikdw na podtaczonym micro:bit (nazwana zostala tak samo
jako komanda Uniksowa, ktéra spetnia to samo zadanie).

’$ ufs put story2.txt

W koncu komenda put umieszcza plik z komputera na podtaczonym do niego micro:bit (nazywa sig¢ tak jak, wyko-
nujaca t¢ sama funkcje, komenda protokotu FTP).

1.10.4 Giéwnie main.py

System plikéw ma ciekawa ceche - jesli na urzadzenie zatadujesz jedynie sSrodowisko uruchomieniowe MicroPython,
po wlaczeniu czeka ono po prostu na wykonanie jakich§ polecen. Jednakze, jesli skopiujesz réwniez specjalny plik
nazwany main.py (ang. main: gléwny), po restarcie urzadzenia MicroPython wykona zawartos¢ tego specjalnego
pliku.

Dodatkowo jesli przekopiujesz inne pliki Pythona do systemu plikéw minikomputera, mozesz je zaimportowac
(import) tak jak kazdy modut Pythona. Na przyktad gdyby$ miatl plik hello.py zawierajacy nastgpujacy pro-
gram:

def say_hello (name="World") :
return "Hello, I'"_ format (name)

... mégtbys zaimportowac i uzy¢ funkcji say_hello w nastgpujacy sposob:

from microbit import display
from hello import say_hello

display.scroll (say_hello())

OczywisScie wynikiem bedzie napis ,,Hello, World!” przewijajacy si¢ przez wyswietlacz. Wazne jest, ze w tym przy-
ktadzie funkcje rozdzielone sa na dwa moduty a instrukcja import stuzy do wspéidzielenia kodu.

Informacja: Jedli, na urzadzenie, oprocz srodowiska uruchomieniowego wgrates takze skrypt, MicroPython zigno-
ruje plik main.py i zamiast tego wykona polecenia ze skryptu.

Aby wgrac tylko §rodowisko uruchomieniowe, upewnij si¢ ze skrypt, ktéry wpisate§ w edytorze, jest pusty (nie ma w
nim zadnych znakéw). Po zaladowaniu bedziesz mégt przekopiowaé plik main. py.

1.11 Mowa

Ostrzezenie: UWAGA! TO JEST KOD ALFA!
Zastrzegamy sobie prawo do zmiany tego interfejsu API w miar¢ rozwoju oprogramowania.

Jako$¢ mowy nie jest Swietna, tylko ,,wystarczajaco dobra”. Ze wzgledu na ograniczenia urzadzenia, moga wysta-
pi¢ btedy pamiegci i / lub nieoczekiwane dodatkowe dZwigki podczas odtwarzania. To sg dopiero poczatki i caty
czas poprawiamy kod syntezatora mowy. Zgtaszanie btedéw bedzie mile widziane.

Komputery i roboty, ktére méwia wydaja si¢ bardziej ,,Jludzkie”.
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Czesto o tym co komputer wtasnie robi dowiadujemy si¢ poprzez graficzny interfejs uzytkownika (ang. graphical user
interface, GUI). W przypadku BBC micro:bit, GUI to matryca LED 5x5, ktéra pozostawia wiele do zyczenia.

Sprawienie, aby micro:bit méwit, jest jednym ze sposobéw na wyrazenie informacji w zabawny, skuteczny i uzy-
teczny sposéb. W tym celu zintegrowaliSmy prosty syntezator mowy oparty na zdekonstruowanej wersji syntezatora
z wezesnych lat osiemdziesiatych. Brzmi on naprawde uroczo, w stylu ,,wszyscy ludzie musza umrzec”.

Majac to na uwadze, uzyjemy syntezatora do stworzenia. ..
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1.11.1 Poezji DALEK6w

SHALL I COMPARE THEE
70 A SUMMEKRS DAY
FOR THOU ART MOKRE LOVELY
AND EXTERMINATE
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Mato kto wie, ze DALEKowie lubia poezj¢ — szczegdlnie limeryki. Szaleja na punkcie wierszy z anapestycznym
metrum o surowej budowie AABBA. Kto by pomyslat!

(Jak si¢ nizej dowiemy, to wina Doktora, ze, ku irytacji Davrosa, DALEKowie lubig limeryki.)

W kazdym razie, zamierzamy stworzyc¢ recital poezji DALEKowej na zadanie.

1.11.2 Powiedz cos

Zanim urzadzenie bedzie mogto méwic, musisz podtaczy¢ gtosniczek w taki sposoéb:

A

V4

Najtatwiejszym sposobem na to zeby urzadzenie zaczgto méwié jest zaimportowanie modutu speech (pol. mowa) i
uzycie funkcji say (pol. powiedz) w taki sposéb:

import speech

speech.say ("Hello, World")
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Jest to urocze, jednak nie jest wystarczajaco DALEKowate jak na nasz gust, dlatego musimy zmieni¢ niektére parame-
try uzywane przez syntezator do wygenerowania mowy. Nasz syntezator mowy jest pod tym wzgledem dos¢ potezny,
poniewaz mozemy zmienié cztery parametry:

* pitch (pol. ton) - jak wysoko lub nisko brzmi gtos (0 = wysoko, 255 = Barry White)
* speed (pol. szybkos¢) - jak szybko urzadzenie méwi (0 = niemozliwe, 255 = opowiadanie na dobranoc)

* mouth (pol. usta) - czy mowa jest przez zacis$nigte zeby czy bardzo wyrazna (0 = kukietka brzuchoméwcy,
255 = Kurak Leghorn)

e throat (pol. gardlo) - jak spokojny lub napigty jest ton glosu (0 = zatamujacy sig, 255 = kompletnie
rozluzniony)

W sumie razem parametry te kontroluja jako$¢ dzwigku — tj. barwe dZwigku. Szczerze méwiac, najlepsza droga do
uzyskania pozadanej barwy dZwigku jest eksperymentowanie, ocena i dostosowanie.

Aby dostosowac ustawienia, przekazujesz je jako argumenty funkcji say. Wigcej szczegétéw mozna znalezé w
dokumentacji interfejsu API speech.

Po kilku przeprowadzonych eksperymentach, ten brzmi catkiem DALEKowato:

speech.say ("I am a DALEK - EXTERMINATE", speed=120, pitch=100, throat=100, mouth=200)

1.11.3 Poezja na Zadanie

Bedac cyborgami, DALEKowie wykorzystuja umiejetnoSci robotéw do tworzenia poezji i okazuje sig, ze korzystaja z
algorytméw napisanych w Pythonie, np:

# Generator poezji DALEKowej Doktora
import speech

import random

from microbit import sleep

# Losowo wybilerz fragmenty do wstawienia do szablonu.

location = random.choice(["brent", "trent", "kent", "tashkent"])
action = random.choice (["wrapped up", "covered", "sang to", "played games with"])
obj = random.choice (["head", "hand", "dog", "foot"])
prop = random.choice(["in a tent", "with cement", "with some scent",
"that was bent"])

result = random.choice(["it ran off", "it glowed", "it blew up",

"it turned blue"])
attitude = random.choice(["in the park", "like a shark", "for a lark",

"with a bark"])

conclusion = random.choice(["where it went", "its intent", "why it went",

"what it meant"])

# Szablon wiersza. Nawiasy {} beda zastapione nazwanymi fragmentami.
poem = [

"there was a young man from " . format (location),

"who his ".format (action, obj, prop),

"one night after dark",

" " . format (result, attitude),

"and he never worked out " . format (conclusion),

"EXTERMINATE",
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# WprowadZ w petle kazda linie wiersza 1 uzyj modulu

for line in poem:
speech.say(line, speed=120, pitch=100, throat=100, mouth=200)
sleep (500)

Jak pokazuja komentarze, jest to bardzo prosty model:

* Nazwane fragmenty (Location, prop, attitude itd.) sa generowane losowo z predefiniowanych list moz-
liwych wartoSci. Zwr6¢ uwage na uzycie random. choice w celu wybrania pojedynczego elementu z listy.

» Szablon wiersza definiowany jest jako lista zwrotek z ,,dziurami” (oznaczonymi przez { }), do ktérych za po-
moca metody format wstawione zostang nazwane fragmenty.

* Na koniec, Python przechodzi po wszystkich elementach na liScie wypetniaczy poezji i uzywa speech. say
z ustawieniami gtosu DALEKa do recytowania wiersza. Migdzy poszczeg6lnymi liniami wstawiana jest pauza
500 milisekund, poniewaz nawet DALEKowie musza odetchnaé.

Co ciekawe, oryginalne wytyczne zwiazane z poezjq zostaly napisane przez Davrosa w jezyku FORTRAN (odpo-
wiedni jezyk dla DALEK6w, gdyz pisany jest TYLKO WIELKIMI LITERAMI). Jednakze Doktor cofnat si¢ w czasie
doktadnie do punktu pomigdzy wprowadzaniem testow jednostkowych Davros’a i potokéw wdrozeniowych . Wow-
czas byl w stanie umiescié interpreter MicroPythona w systemie operacyjnym DALEKA i powyzej widzisz zawarty
w bankach pamigci DALEKA kod z ukryta niespodzianka czy tez rickrollem od Wiadcy Czasu.

1.11.4 Fonemy

Zauwazysz, ze funkcja say nie ttumaczy doktadnie stéw na odpowiednie dZwigki. Aby miec lepsza kontrolg nad
rezultatem, uzyj foneméw: podstawowej jednostki struktury fonologicznej mowy.

Korzy$¢ z uzywania fonemow jest taka, ze nie musisz wiedzie¢ jak si¢ poszczegdlne wyrazy pisze. Musisz tylko
wiedziec jak si¢ to stowo wymawia, aby zapisaé je fonetycznie.

Pelna lista foneméw rozumianych przez syntezator mowy znajduje si¢ w dokumentacji API dla mowy. Ewentualnie,
zaoszczedZ sobie duzo czasu wprowadzajac angielskie stowa do funkcji translate (pol. przettumacz). Zwréci ona
pierwsze przyblizenie foneméw, ktére micro:bit wykorzystatby do wygenerowania audio. Otrzymany rezultat moze
zostaé recznie zmodyfikowany, zeby poprawi¢ doktadnos$é, fleksje i akcent (tak aby brzmiat bardziej naturalnie).

Funkcja pronounce (pol. wyméwié) jest uzywana do wyprowadzania fonemu w nastepujacy sposéb:

speech.pronounce (" /HEHS5EH4EH3EH2EH2EH3EH4EHSEHLP . )

Jak udoskonalitby$ kod Doktora, aby uzywat fonemow?

1.11.5 Zaspiewaj Piosenke Micro:bit’a

Poprzez zmiang ustawien pitch (pol. ton) i wywotanie funkcji sing (pol. §piewaj), urzadzenie moze zaczaé Spiewac
(jednakze bez szans na wygranie Eurowizji, poki co).

Mapowanie z numeréw tonéw na nuty jest pokazane ponizej:
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Funkcja sing musi przyjac jako dane wejSciowe fonemy i tonacje:

speech.sing ("#115DOWWWW™)

Zwré¢ uwage na to, w jaki sposéb fonemy poprzedzone sa wysokoscia dZwigku z symbolem kratki (#). Tonacja
pozostanie taka sama dla kolejnych foneméw do momentu wprowadzenia nowej tonacji.

Ponizszy przyktad pokazuje jak wszystkie trzy funkcje generujace (say, pronounce oraz sing) moga zostaé wy-
korzystane do stworzenia czego$ przypominajacego mowe.

import speech
from microbit import sleep

# The say method attempts to convert English into phonemes.
speech.say ("I can sing!™")

sleep (1000)

speech.say ("Listen to me!")

sleep (1000)

# Clearing the throat requires the use of phonemes. Changing
# the pitch and speed also helps create the right effect.
speech.pronounce ("AEAE/HAEMM", pitch=200, speed=100) # Ahem
sleep (1000)

# Singing requires a phoneme with an annotated pitch for each syllable.
solfa = [

"#115DOWWWWWW" , # Doh
"4#103REYYYYYY", # Re
"H9AMIYYYYYY", # Mi
"#88FAOAOAOAOR", # Fa
" 478 SOHWWWWW ", # Soh
"#70LAOAOAOAOR", # La
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"#62TIYYYYYY", # T1
"#58DOWWWWWW" , # Doh
]
# Sing the scale ascending in pitch.
song = ''.join(solfa)
speech.sing (song, speed=100)
# Reverse the list of syllables.
solfa.reverse()
song = ''.join(solfa)
# Sing the scale descending in pitch.

speech.sing (song, speed=100)

1.12 Network

It is possible to connect devices together to send and receive messages to and from each other. This is called a network.
A network of interconnected networks is called an internet. The Internet is an internet of all the internets.

Networking is hard and this is reflected in the program described below. However, the beautiful thing about this project
is it contains all the common aspects of network programming you need to know about. It’s also remarkably simple
and fun.

But first, let’s set the scene. ..

1.12.1 Connection

Imagine a network as a series of layers. At the very bottom is the most fundamental aspect of communication: there
needs to be some sort of way for a signal to get from one device to the other. Sometimes this is done via a radio
connection, but in this example we’re simply going to use two wires.
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It is upon this foundation that we can build all the other layers in the network stack.

As the diagram shows, blue and red micro:bits are connected via crocodile leads. Both use pin 1 for output and pin 2
for input. The output from one device is connected to the input on the other. It’s a bit like knowing which way round
to hold a telephone handset - one end has a microphone (the input) and the other a speaker (the output). The recording
of your voice via your microphone is played out of the other person’s speaker. If you hold the phone the wrong way
up, you’ll get strange results!

It’s exactly the same in this instance: you must connect the wires properly!

1.12.2 Signal

The next layer in the network stack is the signal. Often this will depend upon the characteristics of the connection. In
our example it’s simply digital on and off signals sent down the wires via the IO pins.

If you remember, it’s possible to use the 10 pins like this:

pinl.write_digital (1) # switch the signal on
pinl.write_digital (0) # switch the signal off
input = pin2.read_digital() # read the value of the signal (either 1 or 0)

The next step involves describing how to use and handle a signal. For that we need a. ..

1.12.3 Protocol

If you ever meet the Queen there are expectations about how you ought to behave. For example, when she arrives you
may bow or curtsey, if she offers her hand politely shake it, refer to her as ,,your majesty” and thereafter as ,,ma’am”
and so on. This set of rules is called the royal protocol. A protocol explains how to behave given a specific situation
(such as meeting the Queen). A protocol is pre-defined to ensure everyone understands what’s going on before a given
situation arises.

It is for this reason that we define and use protocols for communicating messages via a computer network. Computers
need to agree before hand how to send and receive messages. Perhaps the best known protocol is the hypertext transfer
protocol (HTTP) used by the world wide web.

Another famous protocol for sending messages (that pre-dates computers) is Morse code. It defines how to send
character-based messages via on/off signals of long or short durations. Often such signals are played as bleeps. Long
durations are called dashes (—) whereas short durations are dots (.). By combining dashes and dots Morse defines a
way to send characters. For example, here’s how the standard Morse alphabet is defined:
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Given the chart above, to send the character ,,H” the signal is switched on four times for a short duration, indicating
four dots (. ...). For the letter ,L” the signal is also switched on four times, but the second signal has a longer
duration (. —. .).

Obviously, the timing of the signal is important: we need to tell a dot from a dash. That’s another point of a protocol,
to agree such things so everyone’s implementation of the protocol will work with everyone elses. In this instance we’ll
just say that:

* A signal with a duration less than 250 milliseconds is a dot.

* A signal with a duration from 250 milliseconds to less than 500 milliseconds is a dash.

* Any other duration of signal is ignored.

* A pause / gap in the signal of greater than 500 milliseconds indicates the end of a character.

In this way, the sending of a letter ,,H” is defined as four ,,on” signals that last no longer than 250 milliseconds each,
followed by a pause of greater than 500 milliseconds (indicating the end of the character).

1.12.4 Message
We’re finally at a stage where we can build a message - a message that actually means something to us humans. This
is the top-most layer of our network stack.

Using the protocol defined above I can send the following sequence of signals down the physical wire to the other
micro:bit:

Y N A N e eV R N R N

Can you work out what it says?

1.12.5 Application

It’s all very well having a network stack, but you also need a way to interact with it - some form of application to send
and receive messages. While HTTP is interesting most people don’t know about it and let their web-browser handle it
- the underlying network stack of the world wide web is hidden (as it should be).

So, what sort of application should we write for the BBC micro:bit? How should it work, from the user’s point of
view?

Obviously, to send a message you should be able to input dots and dashes (we can use button A for that). If we want to
see the message we sent or just received we should be able to trigger it to scroll across the display (we can use button
B for that). Finally, this being Morse code, if a speaker is attached, we should be able to play the beeps as a form of
aural feedback while the user is entering their message.
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1.12.6 The End Result

Here’s the program, in all its glory and annotated with plenty of comments so you can see what’s going on:

from microbit import =«
import music

# A lookup table of morse codes and associated characters.
MORSE_CODE_LOOKUP = {
".=": "A",
"-...": "B",
"= "ooen,
"—-..": "D",
".T: "E",
L. "R,
", " "G",
"....": "H,
TLoutomI,
"o——=": "J",
"-.-": "K",

"o m. wpm
e T e . ’

L IIM",
o n. IINH,
L IIOH,
LI "Pll,
L nQu’

mo_ o m. IIR",
woom. "S",
. "T",

L IIU",

" U AVAL
.« e H 7

moe-mroRe,
LEPRELER 4
T 4
T AR
MLo———tpoMLv,
R A
moL.-=":oM3n,
ML=,
L "5,
"eLLLu":o"en,
Mool Mo MTn,
Me——..": o "8",
Me———.": Mgn,
w_____ ": "O"

def decode (buffer) :
# Attempts to get the buffer of Morse code data from the lookup table. If
# it's not there, just return a full stop.
return MORSE_CODE_LOOKUP.get (buffer, '.'")

# How to display a single dot.
DOT = Image ("00000:"
"00000:"
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"00900:"
"00000:"
"00000:")

# How to display a single dash.
DASH = Image ("00000:"

"00000:"

"09990:"

"00000:"

"00000:™)

# To create a DOT you need to hold the button for less than 250ms.
DOT_THRESHOLD = 250

# To create a DASH you need to hold the button for less than 500ms.
DASH_THRESHOLD = 500

# Holds the incoming Morse signals.

buffer = "'

# Holds the translated Morse as characters.
message = "'

# The time from which the device has been waiting for the next keypress.

started_to_wait = running_time ()

# Put the device in a loop to wait for and react to key presses.
while True:
# Work out how long the device has been waiting for a keypress.
waiting = running_time () - started_to_wait
# Reset the timestamp for the key_down_time.
key_down_time = None
# If button_a is held down, then...
while button_a.is_pressed():
# Play a beep - this is Morse code y'know ;-)
music.pitch (880, 10)
# Set pinl (output) to "on"
pinl.write_digital (1)

# ...and if there's not a key_down_time then set it to now!
if not key_down_time:
key_down_time = running_time ()

# Alternatively, 1if pin2 (input) 1is getting a signal, pretend it's a
# button_a key press...
while pin2.read_digital():

if not key_down_time:

key_down_time = running_time ()
# Get the current time and call it key_up_time.
key_up_time = running_time ()

# Set pinl (output) to "off"
pinl.write_digital (0)
# If there's a key_down time (created when button_a was first pressed

# down) .
if key_down_time:
# ... then work out for how long it was pressed.

duration = key_up_time - key_down_time

# If the duration is less than the max length for a "dot" press...

if duration < DOT_THRESHOLD:
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# ... then add a dot to the buffer containing incoming Morse codes
# and display a dot on the display.
buffer += '".'

display.show (DOT)
# Else, if the duration is less than the max length for a "dash"

# press... (but longer than that for a DOT ~ handled above)
elif duration < DASH_THRESHOLD:
# ... then add a dash to the buffer and display a dash.
buffer += '-'

display.show (DASH)
# Otherwise, any other sort of keypress duration is ignored (this isn't
# needed, but added for "understandability").
else:
pass
# The button press has been handled, so reset the time from which the
# device is starting to wait for a button press.
started_to_wait = running_time ()
# Otherwise, there hasn't been a button_a press during this cycle of the
# loop, so check there's not been a pause to indicate an end of the
# incoming Morse code character. The pause must be longer than a DASH
# code's duration.
elif len(buffer) > 0 and waiting > DASH_THRESHOLD:
# There is a buffer and it's reached the end of a code so...
# Decode the incoming buffer.
character = decode (buffer)
# Reset the buffer to empty.
buffer = "'
# Show the decoded character.
display.show(character)
# Add the character to the message.
message += character
# Finally, 1if button_b was pressed while all the above was going on...
if button_b.was_pressed() :
# ... display the message,
display.scroll (message)
# then reset it to empty (ready for a new message).
message = "'

How would you improve it? Can you change the definition of a dot and a dash so speedy Morse code users can use it?
What happens if both devices are sending at the same time? What might you do to handle this situation?

1.13 Radio

Interaction at a distance feels like magic.
Magic might be useful if you’re an elf, wizard or unicorn, but such things only exist in stories.
However, there’s something much better than magic: physics!

Wireless interaction is all about physics: radio waves (a type of electromagnetic radiation, similar to visible light) have
some sort of property (such as their amplitude, phase or pulse width) modulated by a transmitter in such a way that
information can be encoded and, thus, broadcast. When radio waves encounter an electrical conductor (i.e. an aerial),
they cause an alternating current from which the information in the waves can be extracted and transformed back into
its original form.
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1.13.1 Layers upon Layers

If you remember, networks are built in layers.

The most fundamental requirement for a network is some sort of connection that allows a signal to get from one device
to the other. In our networking tutorial we used wires connected to the I/O pins. Thanks to the radio module we can
do away with wires and use the physics summarised above as the invisible connection between devices.

The next layer up in the network stack is also different from the example in the networking tutorial. With the wired
example we used digital on and off to send and read a signal from the pins. With the built-in radio on the micro:bit the
smallest useful part of the signal is a byte.

1.13.2 Bytes

A byte is a unit of information that (usually) consists of eight bits. A bit is the smallest possible unit of information
since it can only be in two states: on or off.

Bytes work like a sort of abacus: each position in the byte is like a column in an abacus - they represent an associated
number. In an abacus these are usually thousands, hundreds, tens and units (in UK parlance). In a byte they are 128,
64,32, 16, 8, 4,2 and 1. As bits (on/off signals) are sent over the air, they are re-combined into bytes by the recipient.

Have you spotted the pattern? (Hint: base 2.)

By adding the numbers associated with the positions in a byte that are set to ,,on” we can represent numbers between
0 and 255. The image below shows how this works with five bits and counting from zero to 32:

If we can agree what each one of the 255 numbers (encoded by a byte) represents ~ such as a character ~ then we can
start to send text one character per byte at a time.

Funnily enough, people have already thought of this ~ using bytes to encode and decode information is commonplace.
This approximately corresponds to the Morse-code ,,protocol” layer in the wired networking example.

A really great series of child (and teacher) friendly explanations of ,,all things bytes” can be found at the CS unplugged
website.

1.13.3 Addressing

The problem with radio is that you can’t transmit directly to one person. Anyone with an appropriate aerial can receive
the messages you transmit. As a result it’s important to be able to differentiate who should be receiving broadcasts.

The way the radio built into the micro:bit solves this problem is quite simple:

* It’s possible to tune the radio to different channels (numbered 0-100). This works in exactly the same way
as kids» walkie-talkie radios: everyone tunes into the same channel and everyone hears what everyone else
broadcasts via that channel. As with walkie-talkies, if you use adjacent channels there is a slight possibility of
interference.

* The radio module allows you to specify two pieces of information: an address and a group. The address is like
a postal address whereas a group is like a specific recipient at the address. The important thing is the radio
will filter out messages that it receives that do not match your address and group. As a result, it’s important to
pre-arrange the address and group your application is going to use.

Of course, the micro:bit is still receiving broadcast messages for other address/group combinations. The important
thing is you don’t need to worry about filtering those out. Nevertheless, if someone were clever enough, they could
just read all the wireless network traffic no matter what the target address/group was supposed to be. In this case, it’s
essential to use encrypted means of communication so only the desired recipient can actually read the message that
was broadcast. Cryptography is a fascinating subject but, unfortunately, beyond the scope of this tutorial.
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1.13.4 Fireflies

This is a firefly:

It’s a sort of bug that uses bioluminescence to signal (without wires) to its friends. Here’s what they look like when
they signal to each other:

The BBC have rather a beautiful video of fireflies available online.
We’re going to use the radio module to create something akin to a swarm of fireflies signalling to each other.

First import radio to make the functions available to your Python program. Then call the radio.on () function
to turn the radio on. Since the radio draws power and takes up memory we’ve made it so you decide when it is enabled
(there is, of course a radio.off () function).

At this point the radio module is configured to sensible defaults that make it compatible with other platforms that
may target the BBC micro:bit. It is possible to control many of the features discussed above (such as channel and
addressing) as well as the amount of power used to broadcast messages and the amount of RAM the incoming message
queue will take up. The API documentation contains all the information you need to configure the radio to your needs.

Assuming we’re happy with the defaults, the simplest way to send a message is like this:

radio.send("a message")

The example uses the send function to simply broadcast the string ,,a message”. To receive a message is even easier:

’new_message = radio.receive ()

As messages are received they are put on a message queue. The receive function returns the oldest message from
the queue as a string, making space for a new incoming message. If the message queue fills up, then new incoming
messages are ignored.

That’s really all there is to it! (Although the radio module is also powerful enough that you can send any arbitrary type
of data, not just strings. See the API documentation for how this works.)

Armed with this knowledge, it’s simple to make micro:bit fireflies like this:

# A micro:bit Firefly.

# By Nicholas H.Tollervey. Released to the public domain.
import radio

import random

from microbit import display, Image, button_a, sleep

# Create the "flash" animation frames. Can you work out how it's done?
flash = [Image () .invert()*(i/9) for i in range(9, -1, -1)]

# The radio won't work unless it's switched on.
radio.on ()

# Event loop.

while True:
# Button A sends a "flash" message.
if button_a.was_pressed() :

radio.send('flash'") # a—-ha

# Read any incoming messages.
incoming = radio.receive ()
if incoming == 'flash':
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# If there's an incoming "flash" message display

# the firefly flash animation after a random short
# pause.

sleep (random.randint (50, 350))

display.show(flash, delay=100, wait=False)

# Randomly re-broadcast the flash message after a
# slight delay.

if random.randint (0, 9) == 0:
sleep (500)
radio.send('flash'") # a-ha

The import stuff happens in the event loop. First, it checks if button A was pressed and, if it was, uses the radio to send
the message ,.flash”. Then it reads any messages from the message queue with radio.receive (). If there is a
message it sleeps a short, random period of time (to make the display more interesting) and uses display.show ()
to animate a firefly flash. Finally, to make things a bit exciting, it chooses a random number so that it has a 1 in 10
chance of re-broadcasting the ,,flash” message to anyone else (this is how it’s possible to sustain the firefly display
among several devices). If it decides to re-broadcast then it waits for half a second (so the display from the initial
flash message has chance to die down) before sending the ,,flash” signal again. Because this code is enclosed within a
while True block, it loops back to the beginning of the event loop and repeats this process forever.

The end result (using a group of micro:bits) should look something like this:

1.14 Next Steps

These tutorials are only the first steps in using MicroPython with the BBC micro:bit. A musical analogy: you’ve got
a basic understanding of a very simple instrument and confidently play ,,Three Blind Mice”.

This is an achievement to build upon.
Ahead of you is an exciting journey to becoming a virtuoso coder.

You will encounter frustration, failure and foolishness. When you do please remember that you’re not alone. Python
has a secret weapon: the most amazing community of programmers on the planet. Connect with this community and
you will make friends, find mentors, support each other and share resources.

The examples in the tutorials are simple to explain but may not be the simplest or most efficient implementations.
We’ve left out lots of really fun stuff so we could concentrate on arming you with the basics. If you really want to
know how to make MicroPython fly on the BBC micro:bit then read the API reference documentation. It contains
information about all the capabilities available to you.

Explore, experiment and be fearless trying things out ~ for these are the attributes of a virtuoso coder. To encourage
you we have hidden a number of Easter eggs in MicroPython and the code editors (both TouchDevelop and Mu).
They’re fun rewards for looking ,,under the hood” and ,,poking with a stick”.

Such skill in Python is valuable: it’s one of the world’s most popular professional programming languages.
Amaze us with your code! Make things that delight us! Most of all, have fun!
Happy hacking!

Python jest jednym z najpopularniejszych na §wiecie jezykéw programowania. Zapewne codziennie uzywasz opro-
gramowania napisanego w Pythonie, nie zdajac sobie nawet z tego sprawy. Wszelkiego rodzaju firmy i organizacje
uzywaja Pythona do réznorodnych zastosowan. Google, NASA, Banki, Disney, CERN, YouTube, Mozilla, Newspa-
pers — lista jest dtuga i obejmuje wszystkie obszary handlu, nauki i sztuki.

Dla przyktadu, pamigtasz ogtoszone niedawno odkrycie fal grawitacyjnych? Instrumenty pomiarowe uzyte tam byly
sterowane za pomoca Pythona.
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Po prostu, nauka Pythona da ci niestychanie cenna umiejetnos¢, ktéra ma zastosowanie we wszystkich obszarach
ludzkich staran.

Jednym z takich obszaréw jest zadziwiajace urzadzenie micro:bit, stworzone przez BBC. Dziata na nim wersja Py-
thona nazwana MicroPython, ktéra jest specjalnie zaprojektowana dla matych komputeréw jak ten. Jest to petno-
prawna implementacja Pythona 3, wiec tego samego jezyka, ktérego uzywac bedziesz pdzniej (na przyktad do progra-
mowania Raspberry Pi).

MicroPython nie zawiera wszystkich bibliotek standardowych, ktére zawarte sg w ,,zwyklym” Pythonie, jednakze
stworzyliSmy specjalnym modut nazwany microbit, ktéry pozwala na petng kontrole nad micro:bit.

Zaréwno Python, jak i MicroPython, to otwarte oprogramowanie. To znaczy nie tylko to, ze nie trzeba za nie ptacic,
ale takze to, ze kazdy moze dodaé co$ od siebie do ich spotecznosci. To moze by¢ kod, dokumentacja, raporty o
btedach, lokalna grupa uzytkownikéw, albo nowe poradniki (jak ten). W zasadzie wszystkie materialy dotyczace BBC
micro:bit zostaly stworzone przez migdzynarodowy zespét ochotnikéw, pracujacych w swoim wolnym czasie.

Te oto lekcje wprowadzaja do MicroPythona i BBC micro:bit w prostych krokach. Moga one by¢ swobodnie wyko-
rzystywane i modyfikowane do lekcji szkolnych. Mozesz tez uczy¢ si¢ z nich w domu.

Najwiecej zyskasz odkrywajac, eksperymentujac i bawiac sig. Nie da si¢ zepsu¢ BBC micro:bit piszac i uruchamiajac
na nim btedy kod, wigc po prostu sprébu;j!

Stowo ostrzezenia: nie wszystko uda si¢ za pierwszym razem i nie ma w tym nic ztego. Porazki s3 najlepszym
sposobem nauki dla dobrych programistéw. Szukanie btedéw i unikanie powtarzania btedéw jest Zrédiem duzej
satysfakcji dla tych z nas, ktérzy sa programistami.

W razie watpliwosci, pamigtaj Zen MicroPythona:

Koduj,

Skle¢ to do kupy,
Mniej to wiecej,
Upraszczaj,

Mate jest piekne,

Badz dzielny! Psuj rzeczy! Ucz sie i baw sie dobrze!
WyraZz siebie przez MicroPythona.

Mitego hakowania! :-)

Powodzenia!
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ROZDZIAL 2

micro:bit Micropython API

Ostrzezenie: As we work towards a 1.0 release, this API is subject to frequent changes. This page reflects the
current micro:bit API in a developer-friendly (but not necessarily kid-friendly) way. The tutorials associated with
this documentation are a good place to start for non-developers looking for information.

2.1 The microbit module

Everything directly related to interacting with the hardware lives in the microbit module. For ease of use it’s recom-
mended you start all scripts with:

’from microbit import =

The following documentation assumes you have done this.

There are a few functions available directly:

# sleep for the given number of milliseconds.

sleep (ms)

# returns the number of milliseconds since the micro:bit was last switched on.
running_time ()

# makes the micro:bit enter panic mode (this usually happens when the DAL runs
# out of memory, and causes a sad face to be drawn on the display). The error
# code can be any arbitrary integer value.

panic(error_code)

# resets the micro:bit.

reset ()

The rest of the functionality is provided by objects and classes in the microbit module, as described below.

Note that the API exposes integers only (ie no floats are needed, but they may be accepted). We thus use milliseconds
for the standard time unit.
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2.1.1 Buttons

There are 2 buttons:

button_a
button_b

These are both objects and have the following methods:

# returns True or False to indicate if the button is pressed at the time of

# the method call.

button.is_pressed()

# returns True or False to indicate if the button was pressed since the device
# started or the last time this method was called.

button.was_pressed()

# returns the running total of button presses, and resets this counter to zero
button.get_presses|()

2.1.2 The LED display

The LED display is exposed via the display object:

# gets the brightness of the pixel (x,y). Brightness can be from 0 (the pixel
# is off) to 9 (the pixel is at maximum brightness).

display.get_pixel (x, V)

# sets the brightness of the pixel (x,y) to val (between 0 [off] and 9 [max
# brightness], inclusive).

display.set_pixel(x, vy, val)

# clears the display.

display.clear ()

# shows the image.

display.show(image, delay=0, wait=True, loop=False, clear=False)

# shows each image or letter in the iterable, with delay ms. in between each.
display.show(iterable, delay=400, wait=True, loop=False, clear=False)

# scrolls a string across the display (more exciting than display.show for

# written messages).

display.scroll (string, delay=400)

2.1.3 Pins
Provide digital and analog input and output functionality, for the pins in the connector. Some pins are connected
internally to the I/O that drives the LED matrix and the buttons.

Each pin is provided as an object directly in the microbit module. This keeps the API relatively flat, making it very
easy to use:

¢ pin0
e pinl

* pinl5
e pinl6

* Warning: P17-P18 (inclusive) are unavailable.
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e pinl9
¢ pin20

Each of these pins are instances of the MicroBitPin class, which offers the following API:

# value can be 0, 1, False, True

pin.write_digital (value)

# returns either 1 or 0

pin.read_digital ()

# value is between 0 and 1023

pin.write_analog(value)

# returns an integer between 0 and 1023

pin.read_analog()

# sets the period of the PWM output of the pin in milliseconds
# (see https://en.wikipedia.org/wiki/Pulse-width_modulation)
pin.set_analog_period(int)

# sets the period of the PWM output of the pin in microseconds
# (see https://en.wikipedia.org/wiki/Pulse-width_modulation)
pin.set_analog_period_microseconds (int)

# returns boolean

pin.is_touched()

2.1.4 Images

Informacja: You don’t always need to create one of these yourself - you can access the image shown on the display
directly with display.image. display.image is just an instance of Image, so you can use all of the same methods.

Images API:

# creates an empty 5x5 image

image = Image ()

# create an image from a string - each character in the string represents an
# LED — 0 (or space) 1is off and 9 is maximum brightness. The colon ":"

# indicates the end of a line.

image = Image ('90009:09090:00900:09090:90009:")

# create an empty image of given size

image = Image (width, height)

# initialises an Image with the specified width and height. The buffer
# should be an array of length width x height

image = Image (width, height, buffer)

# methods

# returns the image's width (most often 5)

image.width ()

# returns the image's height (most often 5)

image.height ()

# sets the pixel at the specified position (between 0 and 9). May fail for
# constant images.

image.set_pixel(x, y, value)

# gets the pixel at the specified position (between 0 and 9)
image.get_pixel (x, V)

# returns a new image created by shifting the picture left 'n' times.
image.shift_left (n)

# returns a new image created by shifting the picture right 'n' times.
image.shift_right (n)
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# returns a new image created by shifting the picture up 'n' times.

image.

shift_up (n)

# returns a new image created by shifting the picture down 'n' times.

image.

# get a compact string representation of the image

shift_down (n)

repr (image)
# get a more readable string representation of the image
str (image)

#operators
# returns a new image created by superimposing the two images

image

+ image

# returns a new image created by multiplying the brightness of each pixel by n

image

* n

# built-in images.

Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
#
Image.
Image.
#
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.
Image.

HEART
HEART_SMALL
HAPPY

SMILE

SAD

CONFUSED

ANGRY

ASLEEP
SURPRISED
SILLY

FABULOUS

MEH

YES

NO

CLOCK12 # clock at 12 o' clock
CLOCK11

many clocks (Image.CLOCKn)
CLOCK1l # clock at 1 o'clock
ARROW_N

arrows pointing N, NE, E, SE, S, SW,
ARROW_NW
TRIANGLE
TRIANGLE_LEFT
CHESSBOARD
DIAMOND
DIAMOND_SMALL
SQUARE
SQUARE__SMALL
RABBIT

cow
MUSIC_CROTCHET
MUSIC_QUAVER
MUSIC_QUAVERS
PITCHFORK

XMAS

PACMAN

TARGET

TSHIRT
ROLLERSKATE
DUCK

HOUSE

TORTOISE

W, NW (microbit.Image.ARROW_direction)
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Image.BUTTERFLY
Image.STICKFIGURE
Image.GHOST
Image.SWORD
Image.GIRAFFE
Image.SKULL
Image.UMBRELLA
Image.SNAKE

# built-in lists - useful for animations, e.g. display.show(Image.ALL CLOCKS)
Image.ALL_CLOCKS
Image.ALL_ARROWS

2.1.5 The accelerometer

The accelerometer is accessed via the accelerometer object:

# read the X axis of the device. Measured in milli-g.

accelerometer.get_x()

# read the Y axis of the device. Measured in milli-g.

accelerometer.get_y ()

# read the Z axis of the device. Measured in milli-g.

accelerometer.get_z ()

# get tuple of all three X, Y and Z readings (listed in that order).
accelerometer.get_values ()

# return the name of the current gesture.

accelerometer.current_gesture ()

# return True or False to indicate if the named gesture is currently active.
accelerometer.is_gesture (name)

# return True or False to indicate if the named gesture was active since the
# last call.

accelerometer.was_gesture (name)

# return a tuple of the gesture history. The most recent is listed last.
accelerometer.get_gestures ()

The recognised gestures are: up, down, left, right, face up, face down, freefall, 3q, 6g, 8g, shake.

2.1.6 The compass

The compass is accessed via the compass object:

# calibrate the compass (this is needed to get accurate readings).
compass.calibrate ()

# return a numeric indication of degrees offset from "north".
compass.heading ()

# return an numeric indication of the strength of magnetic field around
# the micro:bit.

compass.get_field_ strength ()

# returns True or False to indicate if the compass is calibrated.
compass.is_calibrated()

# resets the compass to a pre-calibration state.
compass.clear_calibration ()
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2.1.7 12C bus

There is an 12C bus on the micro:bit that is exposed via the i2¢ object. It has the following methods:

# read n bytes from device with addr; repeat=True means a stop bit won't

# be sent.

i2c.read(addr, n, repeat=False)

# write buf to device with addr; repeat=True means a stop bit won't be sent.
i2c.write (addr, buf, repeat=False)

2.1.8 UART

Use uart to communicate with a serial device connected to the device’s I/O pins:

# set up communication (use pins 0 [TX] and 1 [RX]) with a baud rate of 9600.
uvuart.init ()

# return True or False to indicate if there are incoming characters waiting to
# be read.

uart.any ()

# return (read) n incoming characters.

uart.read(n)

# return (read) as much incoming data as possible.

uart.readall ()

# return (read) all the characters to a newline character 1s reached.
uart.readline ()

# read bytes into the referenced buffer.

uart.readinto (buffer)

# write bytes from the buffer to the connected device.

uart.write (buffer)
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ROZDZIAL 3

Microbit Module

The microbit module gives you access to all the hardware that is built-in into your board.

3.1 Functions

microbit.panic(n)
Enter a panic mode. Requires restart. Pass in an arbitrary integer <= 255 to indicate a status:

’microbit.panic(255)

microbit.reset ()
Restart the board.

microbit.sleep (n)
Wait for n milliseconds. One second is 1000 milliseconds, so:

microbit.sleep (1000)

will pause the execution for one second. n can be an integer or a floating point number.

microbit.running_ time ()
Return the number of milliseconds since the board was switched on or restarted.

microbit.temperature ()
Return the temperature of the micro:bit in degrees Celcius.

3.2 Attributes

3.2.1 Buttons

There are two buttons on the board, called button_a and button_b.
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Attributes

button_a
A Button instance (see below) representing the left button.

button_b
Represents the right button.

Classes

class Button
Represents a button.

Informacja: This class is not actually available to the user, it is only used by the two button instances, which
are provided already initialized.

is_pressed()
Returns True if the specified button button is pressed, and False otherwise.

was_pressed ()
Returns True or False to indicate if the button was pressed since the device started or the last time this
method was called.

get_presses ()
Returns the running total of button presses, and resets this total to zero before returning.

Example

import microbit

while True:

if microbit.button_a.is_pressed() and microbit.button_b.is_pressed() :
microbit.display.scroll ("AB")
break

elif microbit.button_a.is_pressed() :
microbit.display.scroll ("A")

elif microbit.button_b.is_pressed() :
microbit.display.scroll ("B")

microbit.sleep(100)

3.2.2 Input/Output Pins

The pins are your board’s way to communicate with external devices connected to it. There are 19 pins for your
disposal, numbered 0-16 and 19-20. Pins 17 and 18 are not available.

For example, the script below will change the display on the micro:bit depending upon the digital reading on pin O:

from microbit import x

while True:
if pin0O.read_digital():
display.show (Image.HAPPY)
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else:
display.show (Image.SAD)

Pin Functions

|

|
+—————— MI50 SPI1 P14

P

LED Col 8
| LED Col9 |

BUTTON A 5

LED Col 2 ANALDG IN >

[wnsos v H T
o LEDCol1 H anaosiv H )

Those pins are available as attributes on the microbit module:microbit.pin0-microbit.pin20.
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Pin | Type Function
0 Touch | Pad 0

1 Touch | Pad 1

2 Touch | Pad?2

3 Analog | Column 1
4 Analog | Column 2
5 Digital | Button A
6 Digital | Row 2

7 Digital | Row 1

8 Digital

9 Digital | Row 3

10 | Analog | Column 3
11 Digital | Button B
12 | Digital

13 | Digital | SPI MOSI
14 | Digital | SPI MISO
15 | Digital | SPISCK
16 | Digital

19 | Digital | I2C SCL
20 | Digital | I12C SDA

The above table summarizes the pins available, their types (see below) and what they are internally connected to.

Pulse-Width Modulation

The pins of your board cannot output analog signal the way an audio amplifier can do it — by modulating the voltage
on the pin. Those pins can only either enable the full 3.3V output, or pull it down to OV. However, it is still possible
to control the brightness of LEDs or speed of an electric motor, by switching that voltage on and off very fast, and
controlling how long it is on and how long it is off. This technique is called Pulse-Width Modulation (PWM), and
that’s what the write_analog method below does.
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Above you can see the diagrams of three different PWM signals. All of them have the same period (and thus frequ-
ency), but they have different duty cycles.

The first one would be generated by write_analog (511), as it has exactly 50% duty — the power is on half of the
time, and off half of the time. The result of that is that the total energy of this signal is the same, as if it was 1.65V
instead of 3.3V.

The second signal has 25% duty cycle, and could be generated with write_analog (255). It has similar effect as
if 0.825V was being output on that pin.

The third signal has 75% duty cycle, and can be generated with write_analog (767). It has three times as much
energy, as the second signal, and is equivalent to outputting 2.475V on th pin.

Note that this works well with devices such as motors, which have huge inertia by themselves, or LEDs, which blink
too fast for the human eye to see the difference, but will not work so good with generating sound waves. This board
can only generate square wave sounds on itself, which sound pretty much like the very old computer games — mostly
because those games also only could do that.

Classes

There are three kinds of pins, differing in what is available for them. They are represented by the classes listed below.
Note that they form a hierarchy, so that each class has all the functionality of the previous class, and adds its own to
that.

Informacja: Those classes are not actually available for the user, you can’t create new instances of them. You can
only use the instances already provided, representing the physical pins on your board.

class microbit.MicroBitDigitalPin
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read_digital ()
Return 1 if the pin is high, and 0 if it’s low.

write_digital (value)
Set the pin to high if value is 1, or to low, if it is 0.

class microbit.MicroBitAnalogDigitalPin

read_analog ()
Read the voltage applied to the pin, and return it as an integer between 0 (meaning OV) and 1023 (meaning
3.3V).

write_analog (value)
Output a PWM signal on the pin, with the duty cycle proportional to the provided value. The value
may be either an integer or a floating point number between 0 (0% duty cycle) and 1023 (100% duty).

set_analog_period (period)
Set the period of the PWM signal being output to period in milliseconds. The minimum valid value is
Ims.

set_analog period_microseconds (period)
Set the period of the PWM signal being output to period in microseconds. The minimum valid value is
256ys.

class microbit.MicroBitTouchPin

is_touched ()
Return True if the pin is being touched with a finger, otherwise return False.

This test is done by measuring the capacitance of the pin together with whatever is connected to it. Human
body has quite a large capacitance, so touching the pin gives a dramatic change in reading, which can be
detected.

The pull mode for a pin is automatically configured when the pin changes to an input mode. Input modes are when
you call read_analog/ read_digital / is_touched. The pull mode for these is, respectively, NO_PULL,
PULL_DOWN, PULL_UP. Only when in read_digital mode can you call set_pull to change the pull mode
from the default.

Informacja: Also note, the micro:bit has external weak (10M) pull-ups fitted on pins 0, 1 and 2 only, in order for the
touch sensing to work. See the edge connector data sheet here: http://tech.microbit.org/hardware/edgeconnector_ds/

3.3 Classes

3.3.1 Image

The Image class is used to create images that can be displayed easily on the device’s LED matrix. Given an image
object it’s possible to display it via the display AP

display.show (Image.HAPPY)
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Classes

class microbit.Image (string)
class microbit.Image (width=None, height=None, buffer=None)
If string is used, it has to consist of digits 0-9 arranged into lines, describing the image, for example:

image = Image ("90009:"
"09090:"
"00900:"
"09090:"
"90009™")

will create a 5x5 image of an X. The end of a line is indicated by a colon. It’s also possible to use a newline (n)
to indicate the end of a line like this:

image = Image ("90009\n"
"09090\n"
"00900\n"
"09090\n"
"90009™)

The other form creates an empty image with width columns and height rows. Optionally buffer can be
an array of width™ * x* “height integers in range 0-9 to initialize the image.
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width ()
Return the number of columns in the image.

height ()
Return the numbers of rows in the image.

set_pixel (x,y, value)
Set the brightness of the pixel at column x and row y to the value, which has to be between 0 (dark) and
9 (bright).

This method will raise an exception when called on any of the built-in read-only images, like Image.
HEART.

get_pixel (x,y)
Return the brightness of pixel at column x and row y as an integer between 0 and 9.

shift_ left (n)
Return a new image created by shifting the picture left by n columns.

shift_right (n)
Same as image.shift_left (-n).

shift_up (n)
Return a new image created by shifting the picture up by n rows.

shift down (n)
Same as image.shift_up (-n).

crop (x,y, w, h)
Return a new image by cropping the picture to a width of w and a height of h, starting with the pixel at
column x and row y.

copy ()
Return an exact copy of the image.

invert ()
Return a new image by inverting the brightness of the pixels in the source image.

£ill (value)
Set the brightness of all the pixels in the image to the value, which has to be between 0 (dark) and 9
(bright).

This method will raise an exception when called on any of the built-in read-only images, like Image.
HEART.

blit (src, x, y, w, h, xdest=0, ydest=0)
Copy the rectangle defined by x, y, w, h from the image src into this image at xdest, ydest. Areas in
the source rectangle, but outside the source image are treated as having a value of 0.

shift_left (),shift_right(),shift_up(),shift_down () and crop () can are all imple-
mented by using blit (). For example, img.crop(x, y, w, h) can be implemented as:

def crop(self, x, vy, w, h):
res = Image(w, h)
res.blit (self, x, y, w, h)
return res

Attributes

The Image class also has the following built-in instances of itself included as its attributes (the attribute names indicate
what the image represents):
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¢ Image.HEART

* ITmage.HEART_SMALL
* Image.HAPPY

¢ Tmage.SMILE

* Tmage.SAD

* ITmage.CONFUSED
¢ Image.ANGRY

¢ ITmage.ASLEEP

¢ Image.SURPRISED
¢ Image.SILLY

¢ ITmage.FABULOUS
* Image.MEH

* Image.YES

¢ Tmage.NO

* ITmage.CLOCK12, Image.CLOCK1l1l, Image.CLOCK10, Image.CLOCKY9, Image.CLOCKS8, Image.
CLOCK7, Image.CLOCK6, Image.CLOCKS5, Image.CLOCK4, Image.CLOCK3, Image.CLOCK2Z,
Image.CLOCK1

¢ Image.ARROW_N, Image.ARROW_NE, Image.ARROW_E, Image.ARROW_SE, Image.ARROW_S,
Image.ARROW_SW, Image.ARROW_W, Image .ARROW_NW

¢ ITmage.TRIANGLE

¢ Tmage.TRIANGLE_LEFT
¢ Image.CHESSBOARD

¢ ITmage.DIAMOND

¢ Image.DIAMOND_SMALL
* ITmage.SQUARE

* Image.SQUARE_SMALL
¢ Tmage.RABBIT

* Tmage.COW

¢ Tmage.MUSIC_CROTCHET
* Image.MUSIC_QUAVER
* Tmage.MUSIC_QUAVERS
¢ Image.PITCHFORK

* Image.XMAS

¢ Image.PACMAN

¢ Image.TARGET

¢ Image.TSHIRT

¢ Image.ROLLERSKATE
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¢ ITmage.DUCK

* ITmage.HOUSE

¢ Image.TORTOISE

¢ Tmage.BUTTERFLY
* Tmage.STICKFIGURE
¢ Tmage.GHOST

¢ Image.SWORD

¢ ITmage.GIRAFFE

¢ Image.SKULL

¢ Image.UMBRELLA
¢ Image.SNAKE

Finally, related collections of images have been grouped together:

* " Image.ALL_CLOCKS "
* " Image.ALL_ARROWS" "

Operations

’ repr (image)

Get a compact string representation of the image.

’ str (image)

Get a readable string representation of the image.

imagel + image?2

Create a new image by adding the brightness values from the two images for each pixel.

image * n

Create a new image by multiplying the brightness of each pixel by n.

3.4 Modules

3.4.1 Display

This module controls the 5x5 LED display on the front of your board. It can be used to display images, animations
and even text.
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Functions
microbit.display.get_pixel (x,y)
Return the brightness of the LED at column x and row y as an integer between 0 (off) and 9 (bright).

microbit.display.set_pixel (x,y, value)
Set the brightness of the LED at column x and row y to value, which has to be an integer between 0 and 9.

microbit.display.clear ()
Set the brightness of all LEDs to 0 (off).

microbit.display.show (image)
Display the image.

microbit.display.show (iterable, delay=400, *, wait=True, loop=False, clear=False)
Display images or letters from the iterable in sequence, with delay milliseconds between them.

If wait is True, this function will block until the animation is finished, otherwise the animation will happen
in the background.

If 1loop is True, the animation will repeat forever.
If clear is True, the display will be cleared after the iterable has finished.

Note that the wait, loop and clear arguments must be specified using their keyword.

Informacja: If using a generator as the iterable, then take care not to allocate any memory in the generator as
allocating memory in an interrupt is prohibited and will raise a MemoryError.

microbit.display.secroll (string, delay=150, *, wait=True, loop=False, monospace=False)
Similar to show, but scrolls the st ring horizontally instead. The delay parameter controls how fast the text
is scrolling.

If wait is True, this function will block until the animation is finished, otherwise the animation will happen
in the background.

If 1loop is True, the animation will repeat forever.

If monospace is True, the characters will all take up 5 pixel-columns in width, otherwise there will be exactly
1 blank pixel-column between each character as they scroll.

Note that the wait, loop and monospace arguments must be specified using their keyword.

microbit.display.on()
Use on() to turn on the display.

microbit.display.off ()
Use off() to turn off the display (thus allowing you to re-use the GPIO pins associated with the display for other
purposes).

microbit.display.is_on/()
Returns True if the display is on, otherwise returns False.

Example

To continuously scroll a string across the display, and do it in the background, you can use:

import microbit

microbit.display.scroll('Hello!', wait=False, loop=True)
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3.4.2 UART

The uart module lets you talk to a device connected to your board using a serial interface.

Functions

microbit.uart.init (baudrate=9600, bits=8, parity=None, stop=1, *, tx=None, rx=None)
Initialize serial communication with the specified parameters on the specified tx and rx pins. Note that for
correct communication, the parameters have to be the same on both communicating devices.

Ostrzezenie: Initializing the UART on external pins will cause the Python console on USB to become
unaccessible, as it uses the same hardware. To bring the console back you must reinitialize the UART
without passing anything for “‘tx»» or ‘‘rx»» (or passing ‘‘None»» to these arguments). This means that
calling “‘vart.init(115200)»» is enough to restore the Python console.

The baudrate defines the speed of communication. Common baud rates include:

* 9600

e 14400

e 19200

* 28800

* 38400

* 57600

e 115200

The bits defines the size of bytes being transmitted, and the board only supports 8. The parity parameter
defines how parity is checked, and it can be None, microbit .uart.ODD ormicrobit .uart .EVEN. The
stop parameter tells the number of stop bits, and has to be 1 for this board.

If tx and rx are not specified then the internal USB-UART TX/RX pins are used which connect to the USB
serial convertor on the micro:bit, thus connecting the UART to your PC. You can specify any other pins you
want by passing the desired pin objects to the t x and rx parameters.

Informacja: When connecting the device, make sure you ,,cross” the wires — the TX pin on your board needs
to be connected with the RX pin on the device, and the RX pin — with the TX pin on the device. Also make sure
the ground pins of both devices are connected.

uart.any ()
Return True if any characters waiting, else False.

uart.read ( [nbytes ] )
Read characters. If nbytes is specified then read at most that many bytes.

uart.readall ()
Read as much data as possible.

Return value: a bytes object or None on timeout.

uart.readinto (buf[, nbytes] )
Read bytes into the buf. If nbytes is specified then read at most that many bytes. Otherwise, read at most
len (buf) bytes.
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Return value: number of bytes read and stored into buf or None on timeout.

uart.readline ()
Read a line, ending in a newline character.

Return value: the line read or None on timeout. The newline character is included in the returned bytes.

uart.write (buf)
Write the buffer of bytes to the bus.

Return value: number of bytes written or None on timeout.

3.4.3 SPI

The spi module lets you talk to a device connected to your board using a serial peripheral interface (SPI) bus. SPI
uses a so-called master-slave architecture with a single master. You will need to specify the connections for three
signals:

* SCLK : Serial Clock (output from master).
e MOSI : Master Output, Slave Input (output from master).
e MISO : Master Input, Slave Output (output from slave).

Functions

microbit.spi.init (baudrate=1000000, bits=8, mode=0, sclk=pinl3, mosi=pinl5, miso=pinl4)
Initialize SPI communication with the specified parameters on the specified pins. Note that for correct com-
munication, the parameters have to be the same on both communicating devices.

The baudrate defines the speed of communication.

The bits defines the size of bytes being transmitted. Currently only bit s=8 is supported. However, this may
change in the future.

The mode determines the combination of clock polarity and phase according to the following convention, with
polarity as the high order bit and phase as the low order bit:

SPI Mode | Polarity (CPOL) | Phase (CPHA)
0 0 0
1 0 1
2 1 0
3 1 1

Polarity (aka CPOL) 0 means that the clock is at logic value 0 when idle and goes high (logic value 1) when
active; polarity 1 means the clock is at logic value 1 when idle and goes low (logic value 0) when active. Phase
(aka CPHA) 0 means that data is sampled on the leading edge of the clock, and 1 means on the trailing edge
(viz. https://en.wikipedia.org/wiki/Signal_edge).

The sclk, mosi and miso arguments specify the pins to use for each type of signal.

spi.read (nbytes)
Read at most nbytes. Returns what was read.

spi.write (buffer)
Write the buf fer of bytes to the bus.
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spi.write_readinto (out, in)
Write the out buffer to the bus and read any response into the in buffer. The length of the buffers should be
the same. The buffers can be the same object.

3.4.4 I°C

The i2c module lets you communicate with devices connected to your board using the I>C bus protocol. There can
be multiple slave devices connected at the same time, and each one has its own unique address, that is either fixed for
the device or configured on it. Your board acts as the I>C master.

We use 7-bit addressing for devices because of the reasons stated here.
This may be different to other micro:bit related solutions.

How exactly you should communicate with the devices, that is, what bytes to send and how to interpret the responses,
depends on the device in question and should be described separately in that device’s documentation.

Functions

microbit.i2c.init (freq=100000, sda=pin20, scl=pinl9)
Re-initialize peripheral with the specified clock frequency freq on the specified sda and sc1l pins.

Ostrzezenie: Changing the I°C pins from defaults will make the accelerometer and compass stop working,
as they are connected internally to those pins.

microbit.i2c.read (addr, n, repeat=False)
Read n bytes from the device with 7-bit address addr. If repeat is True, no stop bit will be sent.

microbit.i2c.write (addr, buf, repeat=False)
Write bytes from buf to the device with 7-bit address addr. If repeat is True, no stop bit will be sent.

Connecting

You should connect the device’s SCL pin to micro:bit pin 19, and the device’s SDA pin to micro:bit pin 20. You also
must connect the device’s ground to the micro:bit ground (pin GND). You may need to power the device using an
external power supply or the micro:bit.

There are internal pull-up resistors on the IC lines of the board, but with particularly long wires or large number of
devices you may need to add additional pull-up resistors, to ensure noise-free communication.

3.4.5 Accelerometer
This object gives you access to the on-board accelerometer. The accelerometer also provides convenience functions for

detecting gestures. The recognised gestures are: up, down, left, right, face up, face down, freefall,
3g, 69, 89, shake.

Functions

microbit.accelerometer.get_x()
Get the acceleration measurement in the x axis, as a positive or negative integer, depending on the direction.
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microbit.accelerometer.get_y ()
Get the acceleration measurement in the y axis, as a positive or negative integer, depending on the direction.

microbit.accelerometer.get_z ()
Get the acceleration measurement in the z axis, as a positive or negative integer, depending on the direction.

microbit.accelerometer.get_values ()
Get the acceleration measurements in all axes at once, as a three-element tuple of integers ordered as X, Y, Z.

microbit.accelerometer.current_gesture ()
Return the name of the current gesture.

Informacja: MicroPython understands the following gesture names: "up", "down", "left", "right", "face
up", "face down", "freefall", "3g","6g", "8g", "shake". Gestures are always represented as strings.

microbit.accelerometer.is_gesture (name)
Return True or False to indicate if the named gesture is currently active.

microbit.accelerometer.was_gesture (name)
Return True or False to indicate if the named gesture was active since the last call.

microbit.accelerometer.get_gestures ()
Return a tuple of the gesture history. The most recent is listed last. Also clears the gesture history before
returning.

Examples

A fortune telling magic 8-ball. Ask a question then shake the device for an answer.

# Magic 8 ball by Nicholas Tollervey. February 2016.

#

# Ask a question then shake.

#

# This program has been placed into the public domain.
from microbit import =«

import random

answers = [
"It is certain",
"It is decidedly so",
"Without a doubt",
"Yes, definitely",
"You may rely on it",
"As I see it, yes",
"Most likely",
"Outlook good",
"Yes",
"Signs point to yes",
"Reply hazy try again",
"Ask again later",
"Better not tell you now",
"Cannot predict now",
"Concentrate and ask again",
"Don't count on it",
"My reply is no",
"My sources say no",
"Outlook not so good",
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"Very doubtful",

while True:
display.show('8")
if accelerometer.was_gesture ('shake'):
display.clear ()
sleep (1000)
display.scroll (random.choice (answers))
sleep (10)

Simple Slalom. Move the device to avoid the obstacles.

# Simple Slalom by Larry Hastings, September 2015
#

# This program has been placed into the public domain.

import microbit as m
import random

p = m.display.show

min_ x = —-1024
max_x = 1024
range_x = max_Xx — min_x

wall_min_speed = 400
player_min_speed = 200

wall_max_speed = 100
player_max_speed = 50

speed_max = 12

while True:

i = m.Image ('00000:"x5)
s = i.set_pixel

player_x = 2

wall_y = -1
hole = 0

score = 0
handled_this_wall = False

wall_ speed = wall_min_speed
player_speed = player_min_speed

wall_next = 0
player_next = 0

while True:
t = m.running_time ()
player_update = t >= player_next
wall_update = t >= wall_next
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if not (player_update or wall_update):
next_event = min(wall_next, player_next)
delta = next_event - t
m.sleep (delta)
continue

if wall_ update:
# calculate new speeds
speed = min (score, speed_max)
wall speed = wall_min_speed + int ((wall_max_speed - wall_min_speed) =
—speed / speed_max)
player_speed = player_min_speed + int ((player_max_speed - player_min_
—speed) * speed / speed_max)

[

wall_next = t + wall_speed
if wall_y < 5:
# erase old wall
use_wall_y = max(wall_y, 0)
for wall_x in range (5):
if wall_x != hole:
s(wall_x, use_wall_y, 0)

wall_reached_player = (wall_y == 4)
if player_update:
player_next = t + player_speed
# find new x coord
X = m.accelerometer.get_x()
x = min(max (min_x, x), max_x)
# print ("x accel", x)
s (player_x, 4, 0) # turn off old pixel

x = ((x — min_x) / range_x) * 5

x = min(max (0, x), 4)

x = int(x + 0.5)

# print ("have", position, "want", x)

if not handled_this_wall:
if player x < x:
player_x += 1
elif player_x > x:
player_x —= 1
# print ("new", position)
# print()

if wall_update:
# update wall position
wall_ y += 1

if wall y ==
wall_y = -1
hole random.randrange (5)

handled_this_wall = False

if wall_y < 5:
# draw new wall

use_wall_y = max(wall_y, 0)
for wall_x in range (5) :
if wall_x != hole:

s(wall_x, use_wall_y, 6)
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if wall_reached_player and not handled_this_wall:
handled_this_wall = True

if (player_x != hole):
# collision! game over!
break

score += 1

if player_update:
s(player_x, 4, 9) # turn on new pixel

p (i)

p(i.SAD)
m.sleep(1000)
m.display.scroll ("Score:" + str(score))

while True:
if (m.button_a.is_pressed() and m.button_a.is_pressed()):
break
m.sleep(100)

3.4.6 Compass

This module lets you access the built-in electronic compass. Before using, the compass should be calibrated, otherwise
the readings may be wrong.

Ostrzezenie: Calibrating the compass will cause your program to pause until calibration is complete. Calibration
consists of a little game to draw a circle on the LED display by rotating the device.

Functions

microbit.compass.calibrate ()
Starts the calibration process. An instructive message will be scrolled to the user after which they will need to
rotate the device in order to draw a circle on the LED display.

microbit.compass.is_calibrated()
Returns True if the compass has been successfully calibrated, and returns False otherwise.

microbit.compass.clear_calibration ()
Undoes the calibration, making the compass uncalibrated again.

microbit.compass.get_x()
Gives the reading of the magnetic force on the x axis, as a positive or negative integer, depending on the direction
of the force.

microbit.compass.get_y ()
Gives the reading of the magnetic force on the x axis, as a positive or negative integer, depending on the direction
of the force.

microbit.compass.get_z ()
Gives the reading of the magnetic force on the x axis, as a positive or negative integer, depending on the direction
of the force.

microbit.compass.heading ()
Gives the compass heading, calculated from the above readings, as an integer in the range from O to 360,

70 Rozdzial 3. Microbit Module




BBC micro:bit MicroPython Documentation, Wydanie 0.0.1

representing the angle in degrees, clockwise, with north as 0. If the compass has not been calibrated, then this

will call calibrate.

microbit.compass.get_field strength ()
Returns an integer indication of the magnitude of the magnetic field around the device.

Example

mwn

compass.py

Creates a compass.

The user will need to calibrate the compass first. The compass uses the

built-in clock images to display the position of the needle.

mmwn

from microbit import =«

# Start calibrating
compass.calibrate ()

# Try to keep the needle pointed in (roughly) the correct direction
while True:

sleep (100)
needle = ((15 - compass.heading()) // 30) % 12

display.show (Image.ALL_CLOCKS [needle])
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rRozDzIAL 4

Bluetooth

Wprawdzie BBC micro:bit jest wyposazony w sprzet pozwalajacy na prace jako urzadzenie Bluetooth Low Energy
(BLE), ma jednak tylko 16 kilobajtéw pamigci RAM. Oprogramowanie BLE zajmuje 12 kilobajtéw pamigci RAM,
przez co nie zostaje jej wystarczajaco duzo na MicroPythona.

Jest mozliwe, ze przyszle wersje urzadzenia beda wyposazone w 32 kilobajty pamigci RAM, co moze juz wystarczyc.
Dopdki to nie nastapi, wsparcie dla BLE w MicroPythonie jest mato prawdopodobne.

Informacja: MicroPython daje dostgp do wbudowanego radia poprzez modut radio. Pozwala to uzytkownikom na
stworzenie prostej, lecz efektywnej bezprzewodowej sieci urzadzef micro:bit.

Ponadto, protokét uzywany w module radi o jest znacznie prostszy niz BLE. Jest dzigki temu tatwiejszy w uzyciu w
edukacji.
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ROZDZIAL D

Local Persistent File System

It is useful to store data in a persistent manner so that it remains intact between restarts of the device. On traditional
computers this is often achieved by a file system consisting of named files that hold raw data, and named directories
that contain files. Python supports the various operations needed to work with such file systems.

However, since the micro:bit is a limited device in terms of both hardware and storage capacity MicroPython pro-
vides a small subset of the functions needed to persist data on the device. Because of memory constraints there is
approximately 30k of storage available on the file system.

Ostrzezenie: Re-flashing the device will DESTROY YOUR DATA.

Since the file system is stored in the micro:bit’s flash memory and flashing the device rewrites all the available
flash memory then all your data will be lost if you flash your device.

However, if you switch your device off the data will remain intact until you either delete it (see below) or re-flash
the device.

MicroPython on the micro:bit provides a flat file system; i.e. there is no notion of a directory hierarchy, the file system
is just a list of named files. Reading and writing a file is achieved via the standard Python open function and the
resulting file-like object (representing the file) of types Text IO or BytesIO. Operations for working with files on
the file system (for example, listing or deleting files) are contained within the os module.

If a file ends in the . py file extension then it can be imported. For example, a file named hello.py can be imported
like this: import hello.

An example session in the MicroPython REPL may look something like this:

>>> with open('hello.py', 'w') as hello:
hello.write("print ('"Hello') ™)

>>> import hello

Hello

>>> with open('hello.py') as hello:
print (hello.read())
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print ('Hello')

>>> import os

>>> os.listdir ()
['hello.py']

>>> os.remove ('hello.py")
>>> os.listdir ()

(]

open (filename, mode="r’)

Returns a file object representing the file named in the argument £ilename. The mode defaults to ' r' which
means open for reading in text mode. The other common mode is 'w' for writing (overwriting the content of
the file if it already exists). Two other modes are available to be used in conjunction with the ones describes
above: 't' means text mode (for reading and writing strings) and 'b' means binary mode (for reading and
writing bytes). If these are not specified then 't ' (text mode) is assumed. When in text mode the file object will
be an instance of Text I0. When in binary mode the file object will be an instance of BytesIO. For example,
use 'rb' to read binary data from a file.

class TextIO
class BytesIO

Instances of these classes represent files in the micro:bit’s flat file system. The TextIO class is used to represent
text files. The BytesIO class is used to represent binary files. They work in exactly the same except that TextIO
works with strings and BytesIO works with bytes.

You do not directly instantiate these classes. Rather, an appropriately configured instance of the class is returned
by the open function described above.

close ()
Flush and close the file. This method has no effect if the file is already closed. Once the file is closed, any
operation on the file (e.g. reading or writing) will raise an exception.

name ()
Returns the name of the file the object represents. This will be the same as the filename argument
passed into the call to the open function that instantiated the object.

read (size)
Read and return at most size characters as a single string or size bytes from the file. As a convenience,
if size is unspecified or -1, all the data contained in the file is returned. Fewer than size characters or
bytes may be returned if there are less than size characters or bytes remaining to be read from the file.

If O characters or bytes are returned, and size was not 0, this indicates end of file.
A MemoryError exception will occur if size is larger than the available RAM.

readinto (buf, n=-1)
Read characters or bytes into the buffer buf. If n is supplied, read n number of bytes or characters into
the buffer but.

readline (size)
Read and return one line from the file. If size is specified, at most size characters will be read.

The line terminator is always ' \n"' for strings or b' \n' for bytes.

writable ()
Return True if the file supports writing. If False, write () will raise OSError.

write (buf)
Write the string or bytes buf to the file and return the number of characters or bytes written.
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ROzDzZIAL O

Music

This is the music module. You can use it to play simple tunes, provided that you connect a speaker to your board.
By default the music module expects the speaker to be connected via pin 0:
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This arrangement can be overridden (as discussed below).

To access this module you need to:

‘import music

We assume you have done this for the examples below.

6.1 Musical Notation

An individual note is specified thus:

‘NOTE[octave][:durationJ
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For example, A1 : 4 refers to the note ,,A” in octave 1 that lasts for four ticks (a tick is an arbitrary length of time
defined by a tempo setting function - see below). If the note name R is used then it is treated as a rest (silence).

Accidentals (flats and sharps) are denoted by the b (flat - a lower case b) and # (sharp - a hash symbol). For example,
Ab is A-flat and C# is C-sharp.

Note names are case-insensitive.

The octave and duration parameters are states that carry over to subsequent notes until re-specified. The default
states are octave = 4 (containing middle C) and duration = 4 (a crotchet, given the default tempo settings -
see below).

For example, if 4 ticks is a crotchet, the following list is crotchet, quaver, quaver, crotchet based arpeggio:

’['cl:ll', 'e:2', 'g', 'c2:4']

The opening of Beethoven’s 5th Symphony would be encoded thus:

’[vrq:zv, lgl, lgl, lgl, 'eb:8', vr:2|’ lfl, Vfl, Yfl, 'd:8']

The definition and scope of an octave conforms to the table listed on this page about scientific pitch notation. For
example, middle ,,C”is 'c4' and concert ,,A” (440) is '"a4'. Octaves start on the note ,,C”.

6.2 Functions

music.set_tempo (ticks=4, bpm=120)
Sets the approximate tempo for playback.

A number of ticks (expressed as an integer) constitute a beat. Each beat is to be played at a certain frequency
per minute (expressed as the more familiar BPM - beats per minute - also as an integer).

Suggested default values allow the following useful behaviour:
* music.set_tempo () -reset the tempo to default of ticks = 4, bpm = 120
* music.set_tempo (ticks=8) - change the ,definition” of a beat
* music.set_tempo (bpm=180) - just change the tempo

To work out the length of a tick in milliseconds is very simple arithmeticc 60000/bpm/
ticks_per_beat . For the default values that’s 60000/120/4 = 125 milliseconds or 1 beat
= 500 milliseconds.

music.get_tempo ()
Gets the current tempo as a tuple of integers: (ticks, bpm).

music.play (music, pin=microbit.pin0, wait=True, loop=False)
Plays music containing the musical DSL defined above.

If music is a string it is expected to be a single note such as, 'c1:4".

If music is specified as a list of notes (as defined in the section on the musical DSL, above) then they are played
one after the other to perform a melody.

In both cases, the duration and octave values are reset to their defaults before the music (whatever it may
be) is played.

An optional argument to specify the output pin can be used to override the default of microbit.pin0.
If wait is set to True, this function is blocking.

If 1oop is set to True, the tune repeats until stop is called (see below) or the blocking call is interrupted.
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music.pitch (frequency, len=-1, pin=microbit.pin0, wait=True)
Plays a pitch at the integer frequency given for the specified number of milliseconds. For example, if the
frequency is set to 440 and the length to 1000 then we hear a standard concert A for one second.

If wait is set to True, this function is blocking.

If 1en is negative the pitch is played continuously until either the blocking call is interrupted or, in the case of
a background call, a new frequency is set or stop is called (see below).

music.stop (pin=microbit.pin0)
Stops all music playback on a given pin.

music.reset ()
Resets the state of the following attributes in the following way:

e ticks = 4
* bpm = 120
e duration = 4

* octave = 4

6.2.1 Built in Melodies

For the purposes of education and entertainment, the module contains several example tunes that are expressed as
Python lists. They can be used like this:

>>> import music
>>> music.play (music.NYAN)

All the tunes are either out of copyright, composed by Nicholas H.Tollervey and released to the public domain or have
an unknown composer and are covered by a fair (educational) use provision.

They are:
e DADADADUM - the opening to Beethoven’s 5th Symphony in C minor.
* ENTERTAINER - the opening fragment of Scott Joplin’s Ragtime classic ,,The Entertainer”.
* PRELUDE - the opening of the first Prelude in C Major of J.S.Bach’s 48 Preludes and Fugues.
* ODE - the ,,Ode to Joy” theme from Beethoven’s 9th Symphony in D minor.

* NYAN - the Nyan Cat theme (http://www.nyan.cat/). The composer is unknown. This is fair use for educational
porpoises (as they say in New York).

* RINGTONE - something that sounds like a mobile phone ringtone. To be used to indicate an incoming message.
* FUNK - a funky bass line for secret agents and criminal masterminds.
* BLUES - a boogie-woogie 12-bar blues walking bass.

e BIRTHDAY - ,Happy Birthday to You...” for copyright status see: http://www.bbc.co.uk/news/
world-us-canada-34332853

e WEDDING - the bridal chorus from Wagner’s opera ,,L.ohengrin”.
e FUNERAL - the ,,funeral march” otherwise known as Frédéric Chopin’s Piano Sonata No. 2 in B minor, Op. 35.
* PUNCHLINE - a fun fragment that signifies a joke has been made.

e PYTHON - John Philip Sousa’s march ,.Liberty Bell” aka, the theme for ,,Monty Python’s Flying Circus” (after
which the Python programming language is named).
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* BADDY - silent movie era entrance of a baddy.

* CHASE - silent movie era chase scene.

* BA_DING - a short signal to indicate something has happened.

* WAWAWAWAA - a very sad trombone.

e JUMP_UP - for use in a game, indicating upward movement.

e JUMP_DOWN - for use in a game, indicating downward movement.
¢ POWER_UP - a fanfare to indicate an achievement unlocked.

¢ POWER_DOWN - a sad fanfare to indicate an achievement lost.

6.2.2 Example

mmn

music.py

Plays a simple tune using the Micropython music module.

This example requires a speaker/buzzer/headphones connected to PO and GND.
mmn
from microbit import =«
import music

# play Prelude in C.
notes = [

'cd:1', 'e', 'g', 'c5', 'e5', 'g4', 'c5', 'e5', 'c4', 'e', 'g', 'c5', 'e5', 'g4',
—'ch5', 'eb5',

'c4', '4', 'g', 'd5', 'f5', 'g4', 'd5', 'f5', 'c4', 'd', 'g', 'd5', 'f5', 'g4',
—'d5', 'f5°',

'b3', 'd4', 'g', 'd5', 'f5', 'g4', 'd5', 'f5', 'b3', 'd44', 'g', 'd5', 'f5', 'g4‘',
—~'d5', 'f5°',

'c4', 'e', 'g', 'cb', 'e5', 'g4', 'c5', 'e5', 'c4', 'e', 'g', 'c5', 'e5', 'g4',
—'ch5', 'eb5',

'c4', 'e', 'a', 'eb', 'ab5', 'a4', 'e5', 'ab', 'c4', 'e', 'a', 'eb', 'ab', 'ad’',
—'e5', 'ab',

'c4', '4d', 'f#', 'a', 'd5', 'f#4', 'a', 'd5', 'c4', 'd', 'f#', 'a', 'd5', 'f#4',
—~'a', 'd5',

'b3', '44', 'g', 'd5', 'g5', 'g4', 'd5', 'g5', 'b3', 'd4', 'g', 'd5', 'g5', 'g4',
—'d5', 'g5',

'b3', 'c4', 'e', 'g', 'c5', 'e4', 'g', 'c5', 'b3', 'c4', 'e', 'g', 'cb5', 'ed', 'g
‘—>', 'C5',

'b3', 'c4', 'e', 'g', 'c5', 'e4', 'g', 'c5', 'b3', 'c4', 'e', 'g', 'c5', 'ed', 'g
‘**', 'C5'(

'a3', 'c4', 'e', 'g', 'c5', 'e4', 'g', 'c5', 'a3', 'c4', 'e', 'g', 'c5', 'ed', 'g
‘—)', 'C5',

'd3', ‘'a', 'd4', 'f#', 'c5', 'd4', 'f#', 'c5', 'd3', 'a', 'd4', 'f#', 'c5', 'd4',
‘—>'f#', 'C5’,

'g3', 'b', 'd4', 'g', 'b', '4', 'g', 'b', 'g3', 'b3', '44', 'g', 'b', 'd', 'g', 'b

music.play (notes)
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NeoPixel

The neopixel module lets you use Neopixel (WS2812) individually addressable RGB LED strips with the Microbit.
Note to use the neopixel module, you need to import it separately with:

import neopixel

Informacja: From our tests, the Microbit Neopixel module can drive up to around 256 Neopixels. Anything above
that and you may experience weird bugs and issues.

NeoPixels are fun strips of multi-coloured programmable LEDs. This module contains everything to plug them into a
micro:bit and create funky displays, art and games such as the demo shown below.

To connect a strip of neopixels you’ll need to attach the micro:bit as shown below (assuming you want to drive the
pixels from pin O - you can connect neopixels to pins 1 and 2 too). The label on the crocodile clip tells you where to
attach the other end on the neopixel strip.

Ostrzezenie: Do not use the 3v connector on the Microbit to power any more than 8 Neopixels at a time.

If you wish to use more than 8 Neopixels, you must use a separate 3v-5v power supply for the Neopixel power pin.
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7.1 Classes

class neopixel.NeoPixel (pin, n)
Initialise a new strip of n number of neopixel LEDs controlled via pin pin. Each pixel is addressed by a position
(starting from 0). Neopixels are given RGB (red, green, blue) values between 0-255 as a tuple. For example,
(255,255, 255) is white.

clear ()
Clear all the pixels.

show ()
Show the pixels. Must be called for any updates to become visible.
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7.2 Operations

Writing the colour doesn’t update the display (use show () for that).

np[0] = (255, 0, 128) # first element
np[-1] = (0, 255, 0) # last element
np.show () # only now will the updated value be shown

To read the colour of a specific pixel just reference it.

’print(np[OJ)

7.3 Using Neopixels

Interact with Neopixels as if they were a list of tuples. Each tuple represents the RGB (red, green and blue) mix of
colours for a specific pixel. The RGB values can range between 0 to 255.

For example, initialise a strip of 8 neopixels on a strip connected to pin0 like this:

import neopixel
np = neopixel.NeoPixel (pin0O, 8)

Set pixels by indexing them (like with a Python list). For instance, to set the first pixel to full brightness red, you
would use:

]np[OJ = (255, 0, 0)

Or the final pixel to purple:

’np[—l] = (255, 0, 255)

Get the current colour value of a pixel by indexing it. For example, to print the first pixel’s RGB value use:

]print(np[01>

Finally, to push the new colour data to your Neopixel strip, use the .show() function:

’np.show()

If nothing is happening, it’s probably because you’ve forgotten this final step..!

Informacja: If you're not seeing anything change on your Neopixel strip, make sure you're show () at least some-
where otherwise your updates won’t be shown.

7.4 Example

mn

neopixel_random.py

Repeatedly displays random colours onto the LED strip.
This example requires a strip of 8 Neopixels (WS2812) connected to pin0.
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mwn

from microbit import =
import neopixel
from random import randint

# Setup the Neopixel strip on pinO with a length of 8 pixels
np = neopixel.NeoPixel (pin0, 8)

while True:
#Iterate over each LED in the strip

for pixel_id in range (0, len(np)):
red = randint (0, 60)
green = randint (0, 60)
blue = randint (0, 60)

# Assign the current LED a random red, green and blue value between 0 and 60
npl[pixel_id] = (red, green, blue)

# Display the current pixel data on the Neopixel strip
np.show ()
sleep (100)
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The os Module

MicroPython contains an os module based upon the os module in the Python standard library. It’s used for accessing
what would traditionally be termed as operating system dependent functionality. Since there is no operating system in
MicroPython the module provides functions relating to the management of the simple on-device persistent file system
and information about the current system.

To access this module you need to:

’ import os

We assume you have done this for the examples below.

8.1 Functions

os.listdir ()
Returns a list of the names of all the files contained within the local persistent on-device file system.

os.remove (filename)
Removes (deletes) the file named in the argument £ilename. If the file does not exist an OSError exception
will occur.

os.size (filename)
Returns the size, in bytes, of the file named in the argument £ilename. If the file does not exist an OSError
exception will occur.

os.uname ()
Returns information identifying the current operating system. The return value is an object with five attributes:

* sysname - operating system name
* nodename - name of machine on network (implementation-defined)
* release - operating system release

* version - operating system version
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e machine - hardware identifier

Informacja: There is no underlying operating system in MicroPython. As a result the information returned by the
uname function is mostly useful for versioning details.
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Radio

Modut ,,radio” umozliwia urzadzeniom wspdlna pracg przez prosta sie¢ bezprzewodowa.

Modut radia z zamysle jest bardzo prosty:

Przesytane wiadomosci sg konfigurowanej dlugosci (do 251 bajtéw).

Otrzymywane wiadomos$ci przechowywane sa w kolejce o okre§lonej konfigurowalnej wielkoSci (im wigksza
kolejka tym wigksze zuzycie pamigci RAM). Jezeli kolejka jest petna, nowa wiadomos¢ przychodzaca zostanie
zignorowana.

Wiadomosci przesylane sa wczesniej wybranym kanatem (zakres numeracji 0-100).
Nadawanie z okreslong moca sygnatu - im wigksza moc, tym wigkszy zasigg nadawania.

Wiadomosci filtrowane sa wedlug adreséw (jak numery doméw) i grup (jak nazwisko adresata pod danym
adresem).

Przepustowo$¢ moze by¢ na jednym z trzech predefiniowanych ustawien.
Wysylanie i odbierania danych réznych typow.
Dodatkowym utatwieniem dla dzieci sa tatwe do wysytania i odbierania wiadomos$ci w postaci ciagéw znakow.

Domyslna konfiguracja jest rozsadna i kompatybilna z innymi platformami zwiazanymi z BBC micro:bit.

Aby mie¢ dostep do tego modutu musisz wykonaé import:

import radio

Zaktadamy, ze juz to zrobites dla ponizszych przyktadéw.

9.1

Stale

radio.RATE_250KBIT

Stata oznaczajaca przepustowos¢ 256 Kbit na sekunde.

radio.RATE_1MBIT

Stata oznaczajaca przepustowosé 1 MBit na sekundg.
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radio.RATE_2MBIT
Stata oznaczajaca przepustowosé 2 MBit na sekundeg.

9.2 Funkcje

radio.on ()
Wtacza radio. Funkcja musi by¢é wywotlana §wiadomie poniewaz radio pobiera prad i zajmuje zasoby pamigci,
ktére moga by¢ potrzebne do czegos$ innego.

radio.off ()
Wytacza radio oszczgdzajac prad i pamigc.

radio.config (**kwargs)
Konfiguruje ustawienia zwiazane z radiem. Nazwy ustawien oparte sa o stowa kluczowe. Dostgpne ustawienia
i ich rozsadne domyslne wartosci s podane ponize;j.

length - dlugos$¢ (warto§¢ domyslna = 32) definiuje maksymalng dlugos¢, w bajtach, wiadomosci przesytane;j
przez radio. Moze mie¢ do 251 bajtow dtugosci (254 - 3 bajty dla SO, dlugosci i preambuty S1).

queue - kolejka (warto$¢é domyslna = 3) okresla liczbg wiadomosci, ktére moga by¢ przechowywane w kolejce
wiadomosci przychodzacych. Jezeli nie ma wolnego miejsca w kolejce, nastgpna wiadomo$¢é przychodzaca
zostanie pominigta.

channel - kanal (warto§¢ domyslna = 7) musi by¢ liczbg catkowita od 0 do 100 (wlacznie), ktéra okresla
kanat na ktéry nastrojone jest radio. Wiadomosci beda wysylane tym kanatem i tylko wiadomosci otrzymane
tym kanatem bgda umieszczone w kolejce wiadomosci przychodzacych. Kazdy kanat ma szeroko$¢ 1MHz,
poczawszy od 2400MHz.

power - moc (domys$lna warto§¢ = 6) jest liczba catkowita od 0 do 7 (wlacznie) stuzaca do wskazania mocy
sygnatu w czasie nadawania. Im wyzsza liczba tym mocniejszy sygnal, ale tez wigksze zuzycie pradu przez
urzadzenie. WartoSci statej odwotuja si¢ do poszczegdlnych wartosci mocy nadawania wyrazonej w decybelach
miliwatéw [dbm]: -30, -20, -16, -12, -8, -4, 0, 4.

address - adres (domy$lna warto§¢ = 0x75626974) to ustalona nazwa, wyrazona jako 32 bitowy adres, sto-
sowana do filtrowania przychodzacych pakietdw na poziomie sprzgtowym, zachowujac tylko pasujace do usta-
wionego adresu. Warto$¢ domyslna jest réwniez stosowana domyslnie na innych platformach kompatybilnych
z micro:bit.

group - grupa (domyslna warto$¢ = 0) jest 8 bitowa wartoscia (0-255) stosowana razem z adresem, do filtro-
wania wiadomosci. Dla lepszego zobrazowania ,,adres” jest jak adres domu a ,,grupa” jest jak osoba w nim
mieszkajaca do ktérej adresujemy przesylke.

data_rate - (domyS$lne ustawienie = radio.RATE_1MBIT) wyraza predko$¢ przesytu danych. Moze
przyjmowac jedna ze statych zdefiniowanych w module ,radio”: RATE_250KBIT, RATE_IMBIT lub
RATE_2MBIT.

Jezeli ,,config” nie zostanie wywotany wtedy przyjete zostang ustawienia o domyslnych wartoSciach.

radio.reset ()
Zresetuj ustawienia do warto$ci domyS$lnych (patrz powyzej w dokumentacji funkcji config).

Informacja: Zadna z powyzszych metod wysylania lub nadawania nie bedzie dziata¢ jezeli radio nie bedzie wia-
czone.

radio.send_bytes (tres¢ wiadomosci)
Wysyta wiadomos¢ sktadajaca si¢ z bajtéw.
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radio.receive_bytes ()
Weczytuje z kolejki pierwsza wiadomo$¢ przychodzaca. Zwraca ,,None” (brak) jezeli nie ma oczekujacych
wiadomos$ci. Wiadomosci wySwietlane sa jako bajty.

radio.receive_bytes_into (buffer)
Odbiera nastgpna wiadomo$¢ przychodzaca z kolejki wiadomosci. Kopiuje tres¢ wiadomosci do bufora, uci-
najac jej koniec jesli to konieczne. Zwraca ,,None” jezeli nie ma wiadomosci oczekujacych, jezeli sa, zwraca
dtugos¢ wiadomosci (dtugo$¢ wiadomosci moze by¢ dtuzsza od dlugosci bufora).

radio.send ("tres¢ wiadomosci")
Wysyla wiadomo$¢ w postaci ciagu znakéw.  Jest odpowiednikiem send_bytes (bytes (tresdé
wiadomosci, 'utf8')), ale zb'\x01\x00\x01"' dodanymi na poczatku (dla zapewnienia kompa-
tybilnosci z innymi platformami wspétpracujacymi z micro:bit).

radio.receive ()
Funkcja dziala doktadnie w ten sam sposéb co receive_bytes przy czym zwraca wiadomos$¢ w takiej
postaci w jakiej byta wysylana.

Obecnie jest to odpowiednik str (receive_bytes (), 'utf8'), ale ze sprawdzeniem czy pierwsze 3
bajty to b'\x01\x00\x01"' (dla zapewnienia kompatybilnosci z innymi platformami wspétpracujacymi z
micro:bit). Te trzy bajty sa usuwane przed konwersjq na cigg znakéw.

Wyjatek ValueError wyswietlany jest w przypadku niepowodzenia konwersji tresci wiadomosci na ciag
znakow.

9.2.1 Przyktady

# A micro:bit Firefly.

# By Nicholas H.Tollervey. Released to the public domain.
import radio

import random

from microbit import display, Image, button_a, sleep

# Create the "flash" animation frames. Can you work out how it's done?
flash = [Image().invert()*(i/9) for i in range(9, -1, -1)]

# The radio won't work unless it's switched on.
radio.on ()

# Event loop.
while True:
# Button A sends a "flash" message.
if button_a.was_pressed() :
radio.send('flash') # a—-ha
# Read any incoming messages.
incoming = radio.receive()
if incoming == 'flash':
# If there's an incoming "flash" message display
# the firefly flash animation after a random short
# pause.
sleep (random.randint (50, 350))
display.show(flash, delay=100, wait=False)
# Randomly re-broadcast the flash message after a
# slight delay.

if random.randint (0, 9) == O0:
sleep (500)
radio.send('flash") # a-ha
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Random Number Generation

This module is based upon the random module in the Python standard library. It contains functions for generating
random behaviour.

To access this module you need to:

’ import random

We assume you have done this for the examples below.

10.1 Functions

random.getrandbits (n)
Returns an integer with n random bits.

Ostrzezenie: Because the underlying generator function returns at most 30 bits, n may only be a value between
1-30 (inclusive).

random. seed (n)
Initialize the random number generator with a known integer n. This will give you reproducibly deterministic
randomness from a given starting state (n).

random.randint (a, b)
Return a random integer N such that a <= N <= b. Alias for randrange (a, b+1).

random.randrange (sfop)
Return a randomly selected integer between zero and up to (but not including) stop.

random. randrange (sfart, stop)
Return a randomly selected integer from range (start, stop).

random. randrange (start, stop, step)
Return a randomly selected element from range (start, stop, step).
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random.choice (seq)
Return a random element from the non-empty sequence seq. If seq is empty, raises IndexError.

random.random ()
Return the next random floating point number in the range [0.0, 1.0)

random.uniform (a, b)
Return a random floating point number N such thata <= N <= bfora <= bandb <= N <= aforb <
a.
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Speech

Ostrzezenie: WARNING! THIS IS ALPHA CODE.
We reserve the right to change this API as development continues.

The quality of the speech is not great, merely ,,good enough”. Given the constraints of the device you may
encounter memory errors and / or unexpected extra sounds during playback. It’s early days and we’re improving
the code for the speech synthesiser all the time. Bug reports and pull requests are most welcome.

This module makes microbit talk, sing and make other speech like sounds provided that you connect a speaker to your
board as shown below:
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A

r Y r Y
Informacja: This work is based upon the amazing reverse engineering efforts of Sebastian Macke based upon
an old text-to-speech (TTS) program called SAM (Software Automated Mouth) originally released in 1982 for the
Commodore 64. The result is a small C library that we have adopted and adapted for the micro:bit. You can find out

more from his homepage. Much of the information in this document was gleaned from the original user’s manual
which can be found here.

The speech synthesiser can produce around 2.5 seconds worth of sound from up to 255 characters of textual input.

To access this module you need to:

import speech

We assume you have done this for the examples below.
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11.1 Functions

speech.translate (words)
Given English words in the string words, return a string containing a best guess at the appropriate phonemes
to pronounce. The output is generated from this text to phoneme translation table.

This function should be used to generate a first approximation of phonemes that can be further hand-edited to
improve accuracy, inflection and emphasis.

speech.pronounce (phonemes, *, pitch=64, speed=72, mouth=128, throat=128)
Pronounce the phonemes in the string phonemes. See below for details of how to use phonemes to finely
control the output of the speech synthesiser. Override the optional pitch, speed, mouth and throat settings to
change the timbre (quality) of the voice.

speech. say (words, *, pitch=64, speed=72, mouth=128, throat=128)
Say the English words in the string words. The result is semi-accurate for English. Override the optional pitch,
speed, mouth and throat settings to change the timbre (quality) of the voice. This is a short-hand equivalent of:
speech.pronounce (speech.translate (words))

speech. sing (phonemes, *, pitch=64, speed=72, mouth=128, throat=128)
Sing the phonemes contained in the string phonemes. Changing the pitch and duration of the note is described
below. Override the optional pitch, speed, mouth and throat settings to change the timbre (quality) of the voice.

11.2 Punctuation

Punctuation is used to alter the delivery of speech. The synthesiser understands four punctuation marks: hyphen,
comma, full-stop and question mark.

The hyphen (-) marks clause boundaries by inserting a short pause in the speech.

The comma (, ) marks phrase boundaries and inserts a pause of approximately double that of the hyphen.
The full-stop (.) and question mark (?) end sentences.

The full-stop inserts a pause and causes the pitch to fall.

The question mark also inserts a pause but causes the pitch to rise. This works well with yes/no questions such as,
»-are we home yet?” rather than more complex questions such as ,,why are we going home?”. In the latter case, use a
full-stop.

11.3 Timbre

The timbre of a sound is the quality of the sound. It’s the difference between the voice of a DALEK and the voice of a
human (for example). To control the timbre change the numeric settings of the pitch, speed, mouth and throat
arguments.

The pitch (how high or low the voice sounds) and speed (how quickly the speech is delivered) settings are rather
obvious and generally fall into the following categories:

Pitch:
* 0-20 impractical
* 20-30 very high
* 30-40 high
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40-50 high normal
50-70 normal

70-80 low normal
80-90 low

* 90-255 very low
(The default is 64)

Speed:
* 0-20 impractical
e 20-40 very fast
* 40-60 fast
* 60-70 fast conversational
* 70-75 normal conversational
* 75-90 narrative
* 90-100 slow
¢ 100-225 very slow
(The default is 72)

The mouth and throat values are a little harder to explain and the following descriptions are based upon our aural
impressions of speech produced as the value of each setting is changed.

For mouth, the lower the number the more it sounds like the speaker is talking without moving their lips. In contrast,
higher numbers (up to 255) make it sound like the speech is enunciated with exagerated mouth movement.

For throat, the lower the number the more relaxed the speaker sounds. In contrast, the higher the number, the more
tense the tone of voice becomes.

The important thing is to experiment and adjust the settings until you get the effect you desire.

To get you started here are some examples:

speech.say
speech.say
speech.say

( am a little robot", speed=92, pitch=60, throat=190, mouth=190)

(

(
speech.say ("

(

(

am an elf", speed=72, pitch=64, throat=110, mouth=160)

am a news presenter", speed=82, pitch=72, throat=110, mouth=105)

am an old lady", speed=82, pitch=32, throat=145, mouth=145)

am E.T.", speed=100, pitch=64, throat=150, mouth=200)

am a DALEK - EXTERMINATE", speed=120, pitch=100, throat=100, mouth=200)

speech.say
speech.say

11.4 Phonemes

The say function makes it easy to produce speech - but often it’s not accurate. To make sure the speech synthesiser
pronounces things exactly how you’d like, you need to use phonemes: the smallest perceptually distinct units of sound
that can be used to distinguish different words. Essentially, they are the building-block sounds of speech.

The pronounce function takes a string containing a simplified and readable version of the International Phonetic
Alphabet and optional annotations to indicate inflection and emphasis.

The advantage of using phonemes is that you don’t have to know how to spell! Rather, you only have to know how to
say the word in order to spell it phonetically.
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The table below lists the phonemes understood by the synthesiser.

Informacja: The table contains the phoneme as characters, and an example word. The example words have the sound
of the phoneme (in parenthesis), but not necessarily the same letters.

Often overlooked: the symbol for the ,,H” sound is /H. A glottal stop is a forced stoppage of sound.

SIMPLE VOWELS VOICED CONSONANTS
1Y f(ee)t R (r)ed
IH p(i)n L a(ll)ow
EH b(e)g W a(w)ay
AE S(a)m W (wh)ale
AA p(o)t Y (y)ou
AH b (u) dget M (S) am
AO t(al)k N ma (n)
OH c (o) ne NX s0 (ng)
UH b (00) k B (b) ad
Ux l(oo)t D (d)og
ER b(ir)d G a(g)ain
AX gall(o)n J (j)u(dg)e
IX dig(i)t Z (z)oo0
ZH plea(s)ure
DIPHTHONGS v se (v)en
EY m(a)de DH (th)en
AY h(igh)
oY b (oy)
AW h (ow) UNVOICED CONSONANTS
ow sl (ow) S (S)am
Uuw cr (ew) SH fi (sh)
F (f)ish
TH (th) in
SPECIAL PHONEMES P (p) oke
UL sett (le) (=AXL) T (t)alk
UM astron (om)y (=AXM) K (c) ake
UN functi (on) (=AXN) CH spee (ch)
Q kitt-en (glottal stop) /H a(h)ead

The following non-standard symbols are also available to the user:

YX diphthong ending (weaker version of Y)

WX diphthong ending (weaker version of W)

RX R after a vowel (smooth version of R)

LX L after a vowel (smooth version of L)

/X H before a non-front vowel or consonant - as in (wh)o
DX T as in pi(t)y (weaker version of T)

Here are some seldom used phoneme combinations (and suggested alternatives):

PHONEME YOU PROBABLY WANT: UNLESS IT SPLITS SYLLABLES LIKE:
COMBINATION

GS GZ e.g. bal(gs) bu (gs)pray

BS BZ e.g. slo(bz) o (bsc)ene

DS DZ e.g. su(ds) Hu (ds) son

PZ PS e.g. sla(ps)  —————

TZ TS e.g. cur(ts)y  ————

KZ KS e.g. fi(x)  —————

NG NXG e.g. singing i(ng)rate
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’NK NXK e.g. bank Su (nk) ist

If you use anything other than the phonemes described above, a ValueError exception will be raised. Pass in the
phonemes as a string like this:

’speech‘pronounce("/HEHLOW") # "Hello"

The phonemes are classified into two broad groups: vowels and consonants.

Vowels are further subdivided into simple vowels and diphthongs. Simple vowels don’t change their sound as you say
them whereas diphthongs start with one sound and end with another. For example, when you say the word ,,0il” the
,,01” vowel starts with an ,,oh” sound but changes to an ,,ee” sound.

Consonants are also subdivided into two groups: voiced and unvoiced. Voiced consonants require the speaker to
use their vocal chords to produce the sound. For example, consonants like ,,L.”, ,,N” and ,,Z” are voiced. Unvoiced
consonants are produced by rushing air, such as ,,P”, ,,T” and ,,SH”.

Once you get used to it, the phoneme system is easy. To begin with some spellings may seem tricky (for example,
»adventure” has a ,,CH” in it) but the rule is to write what you say, not what you spell. Experimentation is the best
way to resolve problematic words.

It’s also important that speech sounds natural and understandable. To help with improving the quality of spoken output
it’s often good to use the built-in stress system to add inflection or emphasis.

There are eight stress markers indicated by the numbers 1 - 8. Simply insert the required number after the vowel to
be stressed. For example, the lack of expression of ,/HEHLOW” is much improved (and friendlier) when spelled out
~/HEH3LOW”.

It’s also possible to change the meaning of words through the way they are stressed. Consider the phrase ,,Why should
I walk to the store?”. It could be pronounced in several different ways:

# You need a reason to do it.

speech.pronounce ("WAY2 SHUH7D AY WAOS5K TUX DHAH STOH5R.")

# You are reluctant to go.

speech.pronounce ("WAY7 SHUH2D AY WAO7K TUX DHAH STOHS5R.")
# You want someone else to do it.

speech.pronounce ("WAY5 SHUH7D AY2 WAO7K TUX DHAH STOHR.")

# You'd rather drive.

speech.pronounce ("WAY5 SHUHD AY7 WAOZK TUX7 DHAH STOHR.")

# You want to walk somewhere else.

speech.pronounce ("WAY5 SHUHD AY WAOS5K TUX DHAH STOH20H7R.™)

Put simply, different stresses in the speech create a more expressive tone of voice.

They work by raising or lowering pitch and elongating the associated vowel sound depending on the number you give:
1. very emotional stress

very emphatic stress

rather strong stress

ordinary stress

tight stress

neutral (no pitch change) stress

pitch-dropping stress

® =N Rk wN

extreme pitch-dropping stress
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The smaller the number, the more extreme the emphasis will be. However, such stress markers will help pronounce
difficult words correctly. For example, if a syllable is not enunciated sufficiently, put in a neutral stress marker.

It’s also possible to elongate words with stress markers:

’speech.pronounce("/HEHBEH4EH3EH2EH2EH3EH4EH5EHLP.")

11.5 Singing

It’s possible to make MicroPython sing phonemes.

This is done by annotating a pitch related number onto a phoneme. The lower the number, the higher the pitch.
Numbers roughly translate into musical notes as shown in the diagram below:

A
o
i
D " —
58 55 52 49
- m B ._'_#.
.:gi——.r—iﬁ'-——i'hgk' 1
11510810398 94 88 82 78 74 70 66 62
A L Py #. [~
A I — I:::I_._$" f
'ﬂ\ ‘;__.L4#-
46 44 42 39 37 35 33 31 |29 28 26 25 |23 22 21 20
[
Yy
P

Annotations work by pre-pending a hash (#) sign and the pitch number in front of the phoneme. The pitch will remain
the same until a new annotation is given. For example, make MicroPython sing a scale like this:

solfa = [
"#115DOWWWWWW",
"#103REYYYYYY",
"EOAMIYYYYYY",
" #88FAOAOAOAOR",
"#78SOHWWWWW",
"#70LAOAOAOAOR",
"H#E2TIYYYYYY",
" #58DOWWWWWW",

oW W W W W W
o
)

Doh
1
song = ''.join(solfa)

speech.sing (song, speed=100)

11.5. Singing
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In order to sing a note for a certain duration extend the note by repeating vowel or voiced consonant phonemes (as
demonstrated in the example above). Beware diphthongs - to extend them you need to break them into their component
parts. For example, ,,OY” can be extended with ,,OHOHIYIYIY”.

Experimentation, listening carefully and adjusting is the only sure way to work out how many times to repeat a
phoneme so the note lasts for the desired duration.

11.6 How Does it Work?

The original manual explains it well:

First, instead of recording the actual speech waveform, we only store the frequency spectrums. By doing
this, we save memory and pick up other advantages. Second, we [...] store some data about timing.
These are numbers pertaining to the duration of each phoneme under different circumstances, and also
some data on transition times so we can know how to blend a phoneme into its neighbors. Third, we
devise a system of rules to deal with all this data and, much to our amazement, our computer is babbling
in no time.

—S.A.M. owner’s manual.

The output is piped through the functions provided by the audio module and, hey presto, we have a talking micro:bit.

11.7 Example

import speech
from microbit import sleep

# The say method attempts to convert English into phonemes.
speech.say ("I can sing!™)

sleep (1000)

speech.say ("Listen to me!")

sleep (1000)

# Clearing the throat requires the use of phonemes. Changing
# the pitch and speed also helps create the right effect.
speech.pronounce ("AEAE/HAEMM", pitch=200, speed=100) # Ahem
sleep (1000)

# Singing requires a phoneme with an annotated pitch for each syllable.
solfa = [

"4#115DOWWWWWIW", # Doh
"4#103REYYYYYY", # Re
"H9AMIYYYYYY", # Mi
"#88FAOAOAOAOR", # Fa
" 478 SOHWWWWW ", # Soh
"#70LAOAOAOAOR", # La
"H62TIYYYYYY", # Ti
" 45 8DOWWWWWW ", # Doh

# Sing the scale ascending in pitch.
song = ''.join(solfa)

speech.sing (song, speed=100)

# Reverse the list of syllables.
solfa.reverse()
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song = ''.join(solfa)
# Sing the scale descending in pitch.
speech.sing (song, speed=100)
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Installation

This section will help you set up the tools and programs needed for developing programs and firmware to flash to the
BBC micro:bit using MicroPython.

12.1 Dependencies

12.2 Development Environment

You will need:
e git
¢ yotta

Depending on your operating system, the installation instructions vary. Use the installation scenario that best suits
your system.

Yotta will require an ARM mbed account. It will walk you through signing up if you are not registered.

12.3 Installation Scenarios

* Windows

e OSX

e Linux

* Debian and Ubuntu

* Red Hat Fedora/CentOS
* Raspberry Pi
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12.3.1 Windows

When installing Yotta, make sure you have these components ticked to install.
* python
* gcc
* cMake
* ninja
* Yotta
e git-scm

¢ mbed serial driver

12.3.2 OS X

12.3.3 Linux

These steps will cover the basic flavors of Linux and working with the micro:bit and MicroPython. See also the specific
sections for Raspberry Pi, Debian/Ubuntu, and Red Hat Fedora/Centos.

Debian and Ubuntu

sudo add-apt-repository -y ppa:team-gcc-arm-embedded

sudo add-apt-repository -y ppa:pmiller-opensource/ppa

sudo apt-get update

sudo apt-get install cmake ninja-build gcc-arm-none-eabi srecord libssl-dev
pip3 install yotta

Red Hat Fedora/CentOS

Raspberry Pi
12.4 Next steps

Congratulations. You have installed your development environment and are ready to begin flashing firmware to the
micro:bit.
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rozpziar 13

Flashing Firmware

13.1 Building firmware

Use yotta to build.

Use target bbc-microbit-classic-gcc-nosd:

’yt target bbc-microbit-classic-gcc—nosd

Run yotta update to fetch remote assets:

lyt up

Start the build with either yotta:

’yt build

...or use the Makefile:

’make all

The result is a microbit-micropython hex file (i.e. microbit-micropython.hex) found in the build/bbc-
microbit-classic-gcc-nosd/source from the root of the repository.

The Makefile does some extra preprocessing of the source, which is needed only if you add new interned strings
to gstrdefsport.h. The Makefile also puts the resulting firmware at build/firmware.hex, and includes some
convenience targets.

13.2 Preparing firmware and a Python program

tools/makecombined

hexlify
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13.3 Flashing to the micro:bit

Installation Scenarios

* Windows

e OSX

e Linux

* Debian and Ubuntu
Red Hat Fedora/CentOS

* Raspberry Pi
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Accessing the REPL

Accessing the REPL on the micro:bit requires:
 Using a serial communication program
¢ Determining the communication port identifier for the micro:bit
* Establishing communication with the correct settings for your computer
If you are a Windows user you’ll need to install the correct drivers. The instructions for which are found here:

https://developer.mbed.org/handbook/Windows-serial-configuration

14.1 Serial communication

To access the REPL, you need to select a program to use for serial communication. Some common options are picocom
and screen. You will need to install program and understand the basics of connecting to a device.

14.2 Determining port

The micro:bit will have a port identifier (tty, usb) that can be used by the computer for communicating. Before
connecting to the micro:bit, we must determine the port identifier.

14.3 Establishing communication with the micro:bit

Depending on your operating system, environment, and serial communication program, the settings and commands
will vary a bit. Here are some common settings for different systems (please suggest additions that might help others)

Settings

e Windows
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c OSX

e Linux

* Debian and Ubuntu

* Red Hat Fedora/CentOS

* Raspberry Pi
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rozpziat 15

Developer FAQ

Informacja: This project is under active development. Please help other developers by adding tips, how-tos, and
Q&A to this document. Thanks!

Where do I get a copy of the DAL? A: Ask Nicholas Tollervey for details.
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rozpziat 16

Contributing

Hey! Many thanks for wanting to improve MicroPython on the micro:bit.

Contributions are welcome without prejudice from anyone irrespective of age, gender, religion, race or sexuality. Good
quality code and engagement with respect, humour and intelligence wins every time.

If you’re from a background which isn’t well-represented in most geeky groups, get involved - we want to help
you make a difference.

If you’re from a background which is well-represented in most geeky groups, get involved - we want your help
making a difference.

If you’re worried about not being technical enough, get involved - your fresh perspective will be invaluable.
If you think you’re an imposter, get involved.

If your day job isn’t code, get involved.

This isn’t a group of experts, just people. Get involved!

This is a new community, so, get involved.

We expect contributors to follow the Python Software Foundation’s Code of Conduct: https://www.python.org/psf/
codeofconduct/

Feedback may be given for contributions and, where necessary, changes will be politely requested and discussed with
the originating author. Respectful yet robust argument is most welcome.

16.1 Checklist

Your code should be commented in plain English (British spelling).

If your contribution is for a major block of work and you’ve not done so already, add yourself to the AUTHORS
file following the convention found therein.

If in doubt, ask a question. The only stupid question is the one that’s never asked.

Have fun!
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* genindex
* modindex

e search
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A

any() (microbit.uart.uart metoda), 64

B

blit() (microbit.Image metoda), 60
Button (klasa wbudowana), 54
button_a, 54

button_b, 54

BytesIO (klasa wbudowana), 76

C

calibrate() (w module microbit.compass), 70

choice() (w module random), 93

clear() (neopixel.NeoPixel metoda), 84

clear() (w module microbit.display), 63
clear_calibration() (w module microbit.compass), 70
close() (ByteslO metoda), 76

config() (w module radio), 90

copy() (microbit.Image metoda), 60

crop() (microbit.Image metoda), 60

current_gesture() (w module microbit.accelerometer), 67

F

fill() (microbit.Image metoda), 60

G

get_field_strength() (w module microbit.compass), 71
get_gestures() (w module microbit.accelerometer), 67
get_pixel() (microbit.Image metoda), 60

get_pixel() (w module microbit.display), 63
get_presses() (Button metoda), 54

get_tempo() (w module music), 79

get_values() (w module microbit.accelerometer), 67
get_x() (w module microbit.accelerometer), 66
get_x() (w module microbit.compass), 70

get_y() (w module microbit.accelerometer), 66
get_y() (w module microbit.compass), 70

get_z() (w module microbit.accelerometer), 67
get_z() (w module microbit.compass), 70

getrandbits() (w module random), 93

H

heading() (w module microbit.compass), 70
height() (microbit.Image metoda), 60

Image (klasa w module microbit), 59

init() (w module microbit.i2c), 66

init() (w module microbit.spi), 65

init() (w module microbit.uart), 64

invert() (microbit.Image metoda), 60

is_calibrated() (w module microbit.compass), 70
is_gesture() (w module microbit.accelerometer), 67
is_on() (w module microbit.display), 63

is_pressed() (Button metoda), 54

is_touched() (microbit.MicroBitTouchPin metoda), 58

L

listdir() (w module os), 87

M

microbit (modut), 53, 54, 58
microbit.accelerometer (modut), 66
microbit.compass (modut), 70

microbit.display (modut), 62

microbit.i2¢ (modut), 66

microbit.spi (modut), 65

microbit.uart (modut), 64
MicroBitAnalogDigitalPin (klasa w module microbit), 58
MicroBitDigitalPin (klasa w module microbit), 57
MicroBitTouchPin (klasa w module microbit), 58
music (modut), 77

N

name() (BytesIO metoda), 76
NeoPixel (klasa w module neopixel), 84
neopixel (modut), 83
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O

off() (w module microbit.display), 63
off() (w module radio), 90

on() (w module microbit.display), 63
on() (w module radio), 90

open() (funkcja wbudowana), 76

os (modut), 87

P

panic() (w module microbit), 53
pitch() (w module music), 79
play() (w module music), 79
pronounce() (w module speech), 97

R

radio (modut), 89

randint() (w module random), 93

random (modut), 93

random() (w module random), 94

randrange() (w module random), 93

RATE_IMBIT (w module radio), 89

RATE_250KBIT (w module radio), 89

RATE_2MBIT (w module radio), 90

read() (BytesIO metoda), 76

read() (microbit.spi.spi metoda), 65

read() (microbit.uart.uart metoda), 64

read() (w module microbit.i2c), 66

read_analog() (microbit.MicroBitAnalogDigitalPin me-
toda), 58

read_digital() (microbit.MicroBitDigitalPin metoda), 57

readall() (microbit.uart.uart metoda), 64

readinto() (BytesIO metoda), 76

readinto() (microbit.uart.uart metoda), 64

readline() (BytesIO metoda), 76

readline() (microbit.uart.uart metoda), 65

receive() (w module radio), 91

receive_bytes() (w module radio), 90

receive_bytes_into() (w module radio), 91

remove() (w module os), 87

reset() (w module microbit), 53

reset() (w module music), 80

reset() (w module radio), 90

running_time() (w module microbit), 53

S

say() (w module speech), 97

scroll() (w module microbit.display), 63

seed() (w module random), 93

send() (w module radio), 91

send_bytes() (w module radio), 90

set_analog_period() (microbit.MicroBitAnalogDigitalPin
metoda), 58

set_analog_period_microseconds() (micro-
bit.MicroBitAnalogDigitalPin metoda), 58

set_pixel() (microbit.Image metoda), 60

set_pixel() (w module microbit.display), 63

set_tempo() (w module music), 79

shift_down() (microbit.Image metoda), 60

shift_left() (microbit.Image metoda), 60

shift_right() (microbit.Image metoda), 60

shift_up() (microbit.Image metoda), 60

show() (neopixel.NeoPixel metoda), 84

show() (w module microbit.display), 63

sing() (w module speech), 97

size() (w module os), 87

sleep() (w module microbit), 53

speech (modut), 95

stop() (w module music), 80

T

temperature() (w module microbit), 53
TextIO (klasa wbudowana), 76
translate() (w module speech), 97

U

uname() (w module os), 87
uniform() (w module random), 94

W

was_gesture() (w module microbit.accelerometer), 67

was_pressed() (Button metoda), 54

width() (microbit.Image metoda), 59

writable() (BytesIO metoda), 76

write() (BytesIO metoda), 76

write() (microbit.spi.spi metoda), 65

write() (microbit.uart.uart metoda), 65

write() (w module microbit.i2c), 66

write_analog() (microbit.MicroBitAnalogDigitalPin me-
toda), 58

write_digital() (microbit.MicroBitDigitalPin metoda), 58

write_readinto() (microbit.spi.spi metoda), 65
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