Micro Python Documentation
Bbinyck 1.3.6

Damien P. George

okT. 25, 2017






OrnaeneHune

1 Kparkoe onmcanue MUKpPOKOHTpoJiepa pyboard 1
1.1  OcHOBHBbIE KOMAHIBI MUKPOKOHTPOJITIEDPA  + = « « « o e o e e e e e e e e e e e e e e e e e 1
1.2 Ceerommomer (LEDS) . . . . . . . o 1
1.3 TImust u uarepdeiics! BBoga/Booga (GPIO) . . ..o o oo oo oo 1
1.4 BHENIHTE TPEPBIBAHIIST « « « v« v v v v e v e e et e e e e e e e e e e e e e e e e e e 2
1.5 TalMEPBI . . . . . o o L e e e e e e e 2
1.6 IImporao-nmiysbcHast Momyssimst (PWM) .o 00000 oo oo 2
1.7 Kousepranuga anajorosoro B mudposoit (ADC) . . . . .. ... L 2
1.8  Komusepranus nmudposoro B anasorossiit (DAC) . . . . . . ... Lo o 3
1.9 VYuusepcanbublii acuaxponubiii npuémonepenarauk (UART) ... . ... o o000 3
1.10 Uurepdeiic cucremuoro nporpammuposanaust (SPI) .. .. ..o o000 000 3
1.11 Wurepdeiicaast muna IIC (12C) . . . . o .o 000 e 3

2 OcHoBHasa nHpoOpMaIUsa 0 MUKPOKOHTOJLJIEPE 5
2.1  Bmypennss daitoBas cucrema m MUKpo SD . ..o oL 0oL oo 5
2.2 PeXNMBI BAIPY3KH . .« .« o v v ot i i e e e e e e e e e e e 5
2.3 OmmuOKM: MUTAHUE CBETOIMOMOB .+ + « v v v v v e v e e e e e e e e e e e e e e e e e e e 6

3 PyxkoBoacrBo Micro Python 7
3.1 BBEIEHUE . . . . . . o e e e e e e e e e e 7
3.2 3amyCK MEPBOTO CKPHIITA . . .« « « o v e v v e e e e e e e e e e e e e e e e e e e e e 8
3.3 Ilpocras marepakTuBHas cpeja nporpammvupoBanns REPL . . . .. o000 o000 0oL 11
3.4  Bxmodenme CBETOIMOIOB U OCHOBHBIE TOHATHA Python . . . . . . . .. ... ... ... ... 13
3.5 Ilepeksiouare/ib, OOPATHBIE BBHIBOBLI U MPEPBIBAHMST . « « « « o o v v o v e e e e e e e e e o o 15
3.6 AKCETIEPOMETD . « v v v v v i it e e e e e e e e e e e e e 16
3.7 DesonacHblil pesKUM U BO3BPAT K 3aBOJCKUM HACTPOMKAM . . . « « v o v v v v v v o v oo o 18
3.8  Hemaem u3 pyboard USB MBI . . . . . . . . oL o Lo 19
3.9 TallMePBI . . . . . . . e e e e e e e e 21
3.10 AcceMOJIEDHAST BCTABKA . « « « « v v v v v e e e e e e e e e e e e e e e e e e e 23
3.11 VHOPaBICHUE MUTAHIEM . . o o o v v e v e e e e e e e e e e e e e e e e e e e e e e e 25
3.12 PyxkoBojicTBa TPEOYIOIIUE JIOTOJHATEIBHBIX KOMIIOHEHT .« . « « « o o o o o o o e oo e o o 26
3.13 Coserbl, QUITKHT U TOJIE3HBIE ITYKA, KOTOPBIE CTOUT 3HATD . . .« « « « o « o o o o o v v o o o 35

4 Bubmmoreku Micro Python 37
4.1  Cranpgaprasie 6ubmunoreku Python . . . . . . . o 0 0oL oo 37
4.2  Muxkpo-6mbmmorexkn Python . . . . . . . . ... e 43

4.3  Cuernmasbabie 6ubmorern Jiyist pyboard . . . . . . L. oL L 44




8

9

Anmaparnbie cpeacrsa pyboard
Coenmundukaimm KOMIOHEeHT pyboard
Crenudukanum npounx KOMIOHEHT
JIntniensusa Micro Python

Copepxkanue gokyMeHTtanuu Micro Python

10 Indices and tables

Copep2kanmne moxayeit Python

73

75

77

79

81

83

85




[naBa 1

KpaTkoe onncaHune MukpokoHTposinepa pyboard

OcHoBHble KOMaHAbl MUKPOKOHTpPOJIJIEpaA

ITonpobuee pyb.

import pyb

pyb.delay(50) # oxudanue 50 musrucerkyrod

pyb.millis() # koauuwecmeo Muasucekynd c MOMEHMA 3aNYCKA

pyb.repl_uart (pyb.UART(1, 9600)) # duplicate REPL on UART(1)

pyb.wfi() # pause CPU, watiting for interrupt

pyb.freq() # noayuwume wacmomsl YeHMPAALHO20 NPOYECCOPA U MAZUCMP ALY
pyb.£freq(60000000) # ycmanosums wacmomy yeumpaabrozo npoyeccopa 60MHz
pyb.stop() # ocmanoska yeumpanbhozo npoyeccopa, OKUOGHUE BHEWHE20 NPEPLIBAHUA

Cesetoguopbl (LEDs)

Ilonpo6uee pyb. LED.

from pyb import LED

led = LED(1) # kpachsili ceemoduod
led.toggle()

led.on()

led.off ()

Muubl n nntepdeiicel BBoga/BbiBoga (GPIO)

Tloxpobuee pyb. Pin.
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from pyb import Pin

p_out = Pin('X1', Pin.QUT_PP)
p_out.high()
p_out.low()

p_in = Pin('X2', Pin.IN, Pin.PULL_UP)
p_in.value() # noaywume shavenue, 0 uau 1

BHewHwne npepbiBaHus

Tloxpobuee pyb. Extint.

from pyb import Pin, ExtInt

callback = lambda e: print("intr")
ext = ExtInt(Pin('Y1'), ExtInt.IRQ_RISING, Pin.PULL_NONE, callback)

Taimepsbl

Tloapobree pyb. Timer.

from pyb import Timer

tim = Timer(1, freq=1000)

tim.counter () # noaywume sHauenue cuémuuka
tim.freq(0.5) # 0.5 Hz

tim.callback(lambda t: pyb.LED(1).toggle())

LLInpoTHO-umnynbcHas moaynsiumsa (PWM)

Tloxpobree pyb. Pin u pyb. Timer.

from pyb import Pin, Timer

p = Pin('X1') # X1 smo TIN2, CHi

tim = Timer(2, freq=1000)

ch = tim.channel(l, Timer.PWM, pin=p)
ch.pulse_width_percent (50)

KoxBepTauus ananorosoro B uudposoii (ADC)

Tloapobree pyb.Pin u pyb. ADC.

from pyb import Pin, ADC

adc = ADC(Pin('X19'))
adc.read() # npowumams snavenue, 0-4095

2 Masa 1. Kpartkoe onucaHue mukpokoHtTponnepa pyboard
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KoxsepTauus uncpposoro B aHanorossiii (DAC)

Tlonpobuee pyb. Pin u pyb. DAC.

from pyb import Pin, DAC

dac = DAC(Pin('X5'))
dac.write(120) # ewig0d0 om 0 0o 255

YHuBepcasnbHbii aCUHXPOHHbI npuémonepegatyunk (UART)

Tlonpobuee pyb. UART.

from pyb import UART

uart = UART(1, 9600)
uart.write('hello')
uart.read(5) # wumams 5 6alm

NHTepdeiic cucremHoro nporpammuposaHtus (SPI)

Tloapobuee pyb.SPI.

from pyb import SPI

spi = SPI(1, SPI.MASTER, baudrate=200000, polarity=1, phase=0)
spi.send('hello")

spi.recv(5) # noaywume 5 6alim us wumst

spi.send_recv('hello') # send a receive 5 bytes

Nutepdeiichan wuna IIC (12C)

Tlonpobuee pyb.12C.

from pyb import I2C

i2c¢ = I2C(1, I2C.MASTER, baudrate=100000)

i2c.scan() # eosepayaem cnucok eedombiz adpecoe

i2c.send('hello', 0x42) # omnpaeume 5 6alm das eedomozo ycmpolicmea ¢ adpecom 0xT2

i2c.recv(5, 0x42) # noaywume 5 6alm om eedomozo ycmpolcmea

i2c.mem_read (2, 0x42, 0x10) # npowumams 2 6alma om eedomozo ycmpolcmea 0xTf2, eedomozo ycmpolcmea
—namamu 0xl10

i2c.mem_write('xy', 0x42, 0x10) # Hanucams 2 6aluma eedomomy ycmpolcmey 0xi2, 0xl0 eedomozo,
—ycmpolcmea nAMAMU

1.8. Konseprauusa undposoro B aHanorosbin (DAC) 3




Micro Python Documentation, Beinyck 1.3.6

4 Masa 1. Kpartkoe onucaHue mukpokoHtponnepa pyboard
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OcHoBHasi nHdopMaLUsi O MUKPOKOHTOINEPE

BHypeHnHss draiinoBas cucrtema n mnkpo SD

Y pyboard ectb HebGosbInasi BHyTpeHHsIsE (aiioBasi cucrema: /flash; oHa HaxoauTcss BO (DJIEII-IIAMSITH
MHUKpPOKOHTpoJLIepa. Ecan kapTa mamsaTn micro SD BcTaBieHa B THE3/I0, TO €€ (aiiyioBast CHCTEMa HAXOIUTCS
B /sd.

Ilepen 3amyckom pyboard, HEoOxommMoO BBIOpATh 3arpy30unyio (aitmoByio cucremy. Ecim kaprta mamsTn
micro SD Bcrasiiena B rHe3/10, TO 3arpy3ka Oyjer mpoucxoauTsb u3 /sd. Korjga kapTel naMsTi HET - 3arpy3Ka
[IPOUCXOJUT U3 BHyTpenueil namsaru /flash.

(Crout OTMETHTD, UTO B CTAPbIX BEPCUAX MUKDPOKOHTPOJLIEpa, /flash HasbiBaerca 0:/, a /sd - 1:/).

Bo Bpewms 3arpysku ucrosb3yercs iaBa daitia B daitioBoii cucreme: boot .py n main.py. OHu JocTynHBI Ha
KOMIILIOTEpE IIPU IMMOAKJ/IIOYEHUN K HEMY MHUKPOKOHTPOJLJIEPA.

IIpu moskITI0¥MeHnn MUKPOKOHTPOJLIEPA K KOMIILIOTEPY, HOCe Hni ero pacno3uaeT kak USB nakonuresns. B
pe3ysbTaTe Bbl MOXKeTe cBoOO/HO paboTarsh ¢ daiiamu boot.py u main.py.

He zabwsatime uszsaexamo (pasmonmuposams na Linuxz) USB naxonumenav neped nepeszazpysrkoti muxpo-
KOHMPOANEPG.

Pe>kumbl 3arpysku

Ecnu BritoueHre Ipon30MILI0 B MITATHOM PEXKUMe WU ObLia HaykaTa KHOIKA Mepe3arpy3Ku MUKPOKOHTPOJI-
Jiepa, To pyboard 3amycTuTcs B CTAaHZAPTHOM PEXKUMe: TIEPBBIM BBIIOTHUTCH (aila boot . py, 3aTeM cKOHU-
rypupyercss USB u 3amycrurcst main. py

BoI MOoKeTe n3MEHUTD 10CJIEI0BATETLHOCTD 3aIPY3KHU, YAEPXKUBasl IIePEKJI0IaTe b [I0JIb30BaTe sl KOT/1a MUK-
POKOHTPOJLIED OyAeT 3allyCKaThCsA. YepXKUBANTe IEePEKJIOUaTesb U HaXKUMUTE reset, pojoKaiite yaep-
JKUBATH MMEPEKJIIOYIATEh - CBETOIUO/bI HAYHYT CUNTATh B JBOMYHON cucreMe. Korma cBeTOIMOBI TOCTUTHY T
3HAYEHUs] HYXKHOTO BaM DPEXUMA - OTIIYCTUTE IMePeKiovYaresb. CBETOMUOAbI BHIOPAHHOTO PEXMMa OyIyT
OLICTPO MUTATh W MUKPOKOHTPOJIIEP OYIET OBICTPO 3arpyKaThCsl.




Micro Python Documentation, Beinyck 1.3.6

Pexxumpr:
1. TouibKO 3€JI€HBII CBETONOM, CMaHIAPMHGA 3a42PY3Ka: 3aIyCTUTh boot . py 1 3aTeM main.py.
2. TonbKo opaHKeBBIl CBETOAMOMI, H€30NaCHAA 302PY3Ka: He 3aIlyCKATh HUKAKNX CKPHUIITOB IIPH 3arpy3Ke.

3. 3enéHblit 1 OpAHKEBBIN CBETOIMO/IBI OJTHOBPEMEHHO, cOpoc (hatinosotl cucmemovt: COPOCUTEH BHY TPEHHIOKO
daitsIoByI0 cucTeMy J0 3aBOJCKHUX IIapaMETPOB U 3aTeM 3arpy3UThCs B 6€30I1aCHOM PEXKIME.

Ecnu Bama aitioBast cucrema HCIIOPTUIIACH - 3aIPY3UTECHh B 3-M PEXKUME YTOOBI UCIPABUTH OIMIMOKH.

Owunbkn: muraHmne ceetToanoaos

B HaCTOHH];I/IIL/'I MOMEHT €CTb TOJIBKO JIBa THIIa OIHI/I6OK, KOTOPBbIE€ BBl MO2KET€ YBUICTD:

1. 3esiéHBIN 1 KPACHBIH CBETOIMO/BI IOOUEPETHO TOPSIT: BAI KO, COAEPKUT OMUOKN (Hapumep B main.

Py)

2. Bce ugeTnipe cBeTOAMOOA MEAJIEHHO MHUTalOT: HIPOU3OIILJIA KpuTudecKasi omubka. He moze-
JKUAT UCIPABJIEHUIO, TPEOYETCs ClIe/IaTh AIMMapPATHRIA cOpOC.

6 Fnasa 2. OcHoBHas uHdopMmaums 0 MUKPOKOHTOIEpE
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Pykosoacteo Micro Python

DTO PYKOBOJCTBO MPEIHAZHATEHO It TOTO, 9TOOBI BBl HAYAJIN pabOTATh C BAIAM MUKPOKOHTPOJIIEpOM. Beé
9TO BaM HYKHO 9TO MUKPOKOHTPOJIIep 1 MUKpO-USB KabeJib 9T0ObI COJMHUTE €0 ¢ BAITUM KOMITBIOTEPOM.
st HavaIa peKOMEHJIYeTCsT CJIeI0BATh WHCTPYKITNH, U3JI0XKEHHON HIUKe.

BBepeHue

YT06b! HOMYyUYNTh MAKCUMAJIbHYIO OT/ady oT Barmtero pyboard, Hy»KHO n3y4nTh HECKOJIHLKO OA30BBIX Belleit
JIIsl TIOHUMAaHHSI TOTO, KaK OHa paboTaer.

VYxop 3a pyboard

Tak kak pyboard He MMeeT 3aIUTHI - CJAETYyEeT COOTIOAATH HEOOJIBITINE TTPaBMIa O€30TTACHOCTH:

e Bysapre BHMMaTebHBI Ipu nojk/oYenun / orkiodennu kabens USB. Hecmorps Ha TO, 4T0 pazbem
USB criasti uepe3 MUKPOKOHTPOJIIEP U SBJISETCSI OTHOCUTEIBHO MTPOYHBIM; €CJIU OH OTOPBETCS - 3TO
OyeT OYeHb TPYIHO UCIPABUTD.

e CraTmieckoe 3JIEKTPUIECTBO MOXKET MTOBPEINTH KOMIOHEHTHI Ha pyboard. Eciin Bl wyBcTByeTe craTu-
YeCcKoe JIEKTPUUECTBO BOKPYT Bac (HApUMep, CyXO# M XOJIOMHBIH KJIMMAT), CJIe/lyeT IPUHATE JIOTO0JI-
HUTeJIbHBIE Mepbl, YTOObI He moBpeauTh pyboard. Eciu Bam pyboard mpuiiesn B 4€pHOI ILJIACTHKOBO#
KOpPOOKe, TO UCIIOJIB3YHTE €€ Jjisd XpaHeHNs U TPAHCIOPTUPOBKU pyboard Tak Kak 9TO aHTUCTATHIECKAS
KOPOOKa, (OHA BBIIIOJIHEHA U3 IPOBOJLIIEIO [JIACTUKA, C IPOBOJSIIUM IIEHOILUIACTOM BHYTPH).

Tloka BBI 3a00THTECH 00 0OOPYIOBAHUM, BB MOXKETE OBITH CIIOKOHHBI. [IporpamMmmuoe obecniedernue Ha pyboard
CJIOMATh IMOYTH HEBO3MOXKHO, TaK YTO HE CTECHSANTECh UrPaTh C HAIMCAHHEM KOJa, TaK MHOIO, KaK BaM
HpaBurTcs. Kenm daiinoBasi cucrema mopTUTCS - HUXKE O TOM, UTO JeJiaTh, 4ToObl cOpocuTh eé. B xymmem
clydae BaM MPUJIETCs MEPErpOoInTh Tporpammuoe obecrredenune MicroPython, Ho 5T0 MoXKeT OBITEH Clie/IAHO

qepe3 USB.
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MakeT pyboard

Pazbem micro-USB maxoanrcst B mpaBoM BepxHEM yIiy, micro-SD cjIoT 7y KapThl B JIEBOM BEPXHEM yTULy
wratel. Ects 4 cBerommona mexay ciaorom SD u Pazbem USB. Ilsera: kpacublii BHu3Y, BBIIIE 3€JIE€HBIH,
OpaHKeBblil, 1 cuHuil cBepxy. Ecrb 2 kHONKM(1IepeKrouaresis): cupasa cbpoc(reset) nepekJodaresb, cieBa
[IEPEKJTIOIATEI b [T0JIb30BATEJIS.

rlOp,KJ'IIOHeHI/Ie n BKJIAKO4YEHMe

Pyboard moxer nonyuars nuranue epe3 USB. Iloakrodure ero Kk kommbiorepy depe3 micro-USB kabesb.
Cy1mecTByeT TOJIBKO OJIUH CIIOCOD PACIIOIOKEHNS B THE3/IE, KOTOPOMY KabeJsb Oymer coorBeTcTBOBaTh. 1locie
TOJIKJTIOYEHNsI, 3eJIeHBII CBETO/INO/T Ha TIJIATE JIOJIPKEH OBICTPO MUTATD.

NMuTaHne oT BHEWHEro NCTOYHUKA

Pyboard MO2KET IMUTATHCA OT aKKYMYJISATOPa WJIX OT JIPYT'Or'O BHEIIHEI'O0 MCTOYHUKA ITUTaHUSA.

O06s13aTeJIbHO TIOAKJIIOYNTE IOJIOXKUTEJAbHBIN mpoBon nutanusi K VIN, u 3emmaro k GND. Ha
pyboard Her 3amuTBHI OT HENTPABUJIBHON MOJSIPHOCTH, TAK YTO BbI JIOJIXKHBI OBITH OCTOPOXKHBI
npu MOJAKJIoUYeHun 4ero-ianmoo Kk VIN.

BxoaHoe Hanpsi>keHne OJ0JI2KHO OBITh B npeaejax ot 3.6V go 10V.

3anyck nepBoro ckpunTra

JlaBaiiTe NpUCTYIUM U MOJIYIUM KOJI, KOTOPKIi Oyer paborars Ha pyboard! B xonie KoHIIOB, 9T0 TO, paju
9ero BCé 3aTeBAJIOCH!

Moakntouenne pyboard

Toxnkmounte pyboard xk xkommbiorepy (Windows, Mac mm Linux) ¢ nmomonisio Mmukpo-USB. Cyiecrsyer
TOJILKO OJIH CII0CO0, KOTOPBIM MOYKHO BCTaBUTH Kabeslb B THE370, TaK YTO BBl HE OINIHOETECH.

8 Fnasa 3. Pykosopctso Micro Python
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Korza pyboard nogx/miouen kK KOMIIBIOTEPY, OH BKJIIOUAETCs U HAYUHAET nporece 3amycka (the boot process).
3eJIeHbIl CBETO/IMO/L JTOJI?KEH 3ar0PEThCsI Ha IT0JI CEKYH/IbI HJIM MEHDIIE, U, KOI/Ia OH OTKJIIOYAETCSI - IIPOIIECC
3arpy3KHu 3aBepIIeH.

3.2. 3anyck nepBoro ckpunrta 9
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OTkpbiTue pyboard kak USB Hakonutens

Temeps Barn kommbioTep posken pacrnosuars pyboard. OT Tuma Barmero KOMIbIOTEPA 3aBUCHT TO, ITO IIPO-
U30HIeT JaJsee:

e Windows: Bam pyboard 6yer orobpazkarbest Kak cbeMHbll USB HakomuTesb. [TosiBUTCst BCILIBIBalIee
OKHO WJIM BaM ITOHAJI00UTCS OTKPBITH 1IpOBOIHUK.

Windows moxker pacrnosuars pyboard Kak mocjemoBaTeIbHOe yCTPOUCTBO U MOIBITATHCA ABTOMATHIE-
CKHU HACTPOUTH TO ycTpoitcTBo. Ecim 310 npon3oitaéT, To mporece cireyer OTMeHUTb. Mbl y3HAeM Kak
paboTaeTr MOC/IEI0BATEHLHOE YCTPONCTEO B CJIEYIOMIEM yPOKE.

e Mac: Bam pyboard mosiBuTcst Ha pabodeM CTOJIe B KadecTBe ChEMHOTrO jucka. Vl, BeposTHO, OyIeT
naspiBarbesad “NONAME”. Haxkxmure Ha Hero, 4Tobbl OTKPLITH Hallky pyboard.

e Linux: Bam pyboard Oymer orobparkarbcsi Kak chemHubIil HOcuTesb. B Ubuntu on momkarounTes aB-
ToMmaruvdecku. B npyrux muctpubytmBax Linux pyboard MoxkeT yCTAHOBHTCS aBTOMATHYIECKH, JIHOO
BaM MOTpedyeTcs CeIaTh 3TO BPYJIHYI0. B KoMaHIHO#t cTpoKe TepMuHaJja BBeauTe 1sblk, 9To0bI yBU-
JEeTh CIHICOK MOJKJ/IIOYEHHBIX JIUCKOB, a 3aTeM mount/dev/sdbl (SaMeHI/ITe sdbl ma coorBeTcTBYIONIECE
yCTpOiicTBO). BbI, BO3MOXKHO, JOJIKHBI CIIEJIATh 9TO C IIPABAMHU CYIEPIIOJb3oBaTe s (Toot).

Urak, Tenepsb y Bac ectb pyboard, nonkiouénusiiit kak USB nakonuTesnb 1 OKHO (M1 KOMAHIHYIO CTPOKY )
co crmckoM (hailjioB Ha JMCKe MUKPOKOHTPOJLIEPA.

Juck, KoTophIil BBl BujeTe, y pyboard mHasbiBaercs /flash u Ho/KeH cofiepKaTh cieayiomue 4 daitia:

e boot.py — 3TOT CKpUIIT BBINOJIHsIETCsI, Korja pyboard sarpyxxkaercsi. OH ycTaHaB/IMBaeT pa3jIddHbIe
BapuaHThl KoHbUrypamuu s pyboard.

e main.py — 9TO OCHOBHO# CKPHIT, B KOTOPOM OyJeT HaXOAUThCd Bamia nporpamma. OH BBIIOTHAETCS
nocye boot . py.

e README.txt — comepKuT HEKOTOPYIO OCHOBHYIO MH(MOPMAIIUIO.

e pybede.inf — daitn apaiiBepa mist Windows, arobsr HacTpouts nocienoBaresbHoe USB ycrpoiicTso.
Tloxpobree 06 3TOM B CIEIYIONIEM YPOKE.

PesakTtupoBaHue main.py

Teneps MBI cobupaeMcs HamucaTh Hally nporpammy Ha Python, Tak 4To OTKpbhIBaeM main.py B TEKCTOBOM
penakTope. B Windows BbI MOXKeTe UCIOJIb30BaTh OJIOKHOT miin Jir060it apyroit pegakrop. Ha Mac u Linux,
WCITO/IB3YHTE BaIll JIOOMMBI TEKCTOBBIM pefgakTop. Korma orkpoere dailia - yBuanTe, 9TO COIEPXKUT OIHY
CTPOKY:

# main.py -- put your code here!

DTa CTPOKa HAYMHAETCS C CUMBOJIA #, KOTOPBIA 03Ha49aeT, 9To 310 * koMMenTapuit *. Takue cTpokn He Gy IyT
HUAYEro JeJaTh, OHU HY2KHBI, YTOObI HAIIMCATH 3aMETKH B Ballleil IpOrpaMMe.

JapaiiTe j100aBUM JBe CTPOKH:

# main.py -- put your code here!
import pyb
pyb.LED(4) .on()

IlepBast cTpoka, KOTOPYIO MBI HAIIMCAJIN, TOBOPUT, ITO MBI XOTHM HCIIOJB30BATH PYb MOLY/Ib. DTOT MOIY/Ib
COJIEPKUT Bce DYHKIMH U KJIACCHI MU yIpasJyeHus pyboard.

Bropas cTpoka BkiIIOUaeT CHHMIT MHAWKATOp: cHadasa HosydaeMm LED Kitacc m3 Momayss pyb, 3amaém cBeTo-
AuonHblil HoMep 4 (CHHMiT CBETOIMON), & 3aTeM BKJIIOYAeM €ro.

10 Fnasa 3. Pykosopgctso Micro Python
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Cbpoc pyboard

s 3amycka 3TOro HeDOJBIIOrO CKPUIITA, BbI JOJKHBI CHAYAJIA COXPAHUTH U 3aKPBITh main.py, a 3areM
u3BJiedb (WU OTKJII0YUTH/pasmontupoBarsk) pyboard USB muck. Cuesnaiite 910, Tak Kak Obl Bbl U3BJIEKAJIN
obpranbiit USB - nck.

Korma auck 6e301macHO OTKIIIOUMIICA - BbI MOXKETE J100paThes 10 3a0aBHOM 4acTh: HAXKMUTE IePeKII0IaTe b
RST ma pyboard myns copoca m 3amycka Barmero ckpunta. [lepeksouarens RST sro manienpkasi uépHast
KHOITKA, 9yTh HUXKe pazbema USB Ha miare 1o mpaBoMy Kparo.

When the drive is safely ejected/unmounted you can get to the fun part: press the RST switch on the pyboard
to reset and run your script. The RST switch is the small black button just below the USB connector on the
board, on the right edge.

TTocne Toro kak Bel Haxkmére RST - 3esenslit cBeToimo1 OyIeT OBICTPO MUTATH, & 3aT€M CAHUN CBETOIHO/T
JIOJIZKEH 3arOpPeThCs W OCTATHCSI.

Tlosapasasiem! Bel Hanuca/m u 3alycTuiv CBOIO IepByIo mporpammy Ha Micro Python!

lNpocTas nHTepakTuBHas cpepga nporpammumpoBaHnsa REPL

REPL - Read(Yrenne) Evaluate(Onenka) Print(ITeuars) Loop(Iluks) - mHTepakTuBHas crpoka Micro
Python, ¢ momompbio KoTOpoit Bel MOXKeTe HOIy4unuTh noctyil K pyboard. UcnonszoBanne REPL sapisiercs
CaMBIM IIPOCTBIM CIIOCODOM MPOBEPKU CBOETO KOJA W BBHINOJIHEHUs KOMaHI. Bbl Moxkere ucmonmb3osath REPL
KaK BCIIOMOraTeJIbHOE CPEJICTBO JJIs HAIMCAHHS CIIEHApUEB B main.py.

st ucnionpzoBanust REPL, #He00x011MO0 OAKITIOMATHCS K ocsieoBaTesbHOMy yerpoiictBy USB Ha pyboard.
Kak 370 csiesiaTh, 3aBUCUT OT Ballleil OllepaIriOHHON CUCTEMBI.

Windows

Bui momxkubr yeranoBuTh npaitBep pyboard ¢ mcnosib3oBanueM nocsemoBareasaoro USB yerpoiicTsa. Ipaii-
Bep USB dusmr-aucka pyboard massiBaercs pybcdc. inf.

st ycTaHOBKM 3TOTO JipaiiBepa BaM HeoOXoauMo mepeiitu B Jucmertdep YCTPOWCTB JIJTsT BaIero KOMITbIOTe-
pa, HaiiTu pyboard B criucke yeTpoiicTs (OH JIOJZKH UMETh TPe/LyIPEXKIAMOIIIN 3HAK, IOTOMY YTO OH eIlle He
paboraer), MeJKHATE MpaBoil KHOIKON Mbinu Ha pyboard ycrpoiictso, BeiGepure CpoiicTBa U ycTaHOBUTE
npaiiBep. 3areM HEOOXOAUMO BBIODATH OIIMIO, YTOOLI HANTH JpaiiBep IOTOKOB BPYUYHYIO (He HCHOJbL3YiiTe
aproMarudeckoe obuossienre Windows), nepeiinure k USB duterr-nucky pyboard, u Beibepure ero. O z0i1-
2KeH ycranoBuThbed. Ilocie ycranosku, Bepuutech B Jlucnerdep YCTpoucTB, YTOOBI HAHTU YCTAHOBJIEHHBIN
pyboard, u nocmorpure, kakoit sto COM nopt (manpumep, COM4).

Tenepb BaM HY?KHO 3allyCTUTh CBOIO TEPMUHAJBLHYIO IporpaMmy. Ber MmoxkeTe ucnonb3oBarh HyperTerminal,
€CJIN OH y BacC yCTaHOBJIEH, WJIM CKadaTh Oecriarayto nporpammy PuTTY: putty.exe. Ucmoms3yst mporpammy
YAAJIEHHOIO 10CTY 1A (BO3MOXKHO TEPMUHAJIBHYIO), BbI JIOJKHBI HOAKII0YUTHCA K Tomy COM nopry, KoTopblit
manuu B upeappayiiem mare. st PuTTY: naxxmure “Session” Ha JjieBoii maHen U HAXKMHUTE PAJTUO-KHOIIKY
“Serial” cnpasa, 3aTem B moJie “Serial Line” Beenure naitnennsiit COM nmopt (Hanpumep, COM4), HazkmuTe
kHO1Ky “Open”.

Mac OS X

OTKpoiiTe TEPMUHAJ ¥ 3AILyCTUTE:
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screen /dev/tty.usbmodem*

Korna ol 3akonuure u 3axorure Boiiitu, Haxkmure CTRL-A CTRL-\.

Linux

OTkpoliTe TEpMUHAJ U 3AILyCTUTE:

screen /dev/ttyACMO

Ber moxkere monrpoboBaTh BMECTO 3TOro picocom miau ttyACM. Bo3morkHo BaM npuiércs UCHoabp30BaTh /dev/
ttyACM1 mim ¢ GosbmumM HOMepoM ttyACM. Takoke BaM MOI'YyT HMOHAJOOMTHCS IPaBa JUIA JOCTYHa K STOMY
YCTPOHCTBY (Haan/IMep, rpymna uucp wim dialog uian UCIOJIb30BaTh Sudo).

Ncnonb3osanne REPL

Teneps naBaiite monpobyem 3amyctursb Koa Micro Pythom rmemocpencrsenno uHa pyboard.

B Bameii nporpamme yganéuaaoro pocryna (PuTTY, screen, picocom, u T.J.) Bbl yBHAUTE IYCTOH KpaH
C MUTAIONIM KypcopoMm. UTobbl momacTh B mpocToit murepuperaTrop Micro Python - maxxkmure Enter. Bor
YBUJUTE CTPOKY, HAUMHAIONLYIOCs ¢ >>>. JlaBaiiTe yaocTOBEpUMCsI, YTO OH paboTaeT:

>>> print("hello pyboard!")
hello pyboard!

CuMBOJIBI >>> yKa3bIBAIOT, UTO Jajiee BBl JIOJKHBI BBECTH TEKCT B KOMaHIHOH crpoke. Ilocie BBOmA
)
print("hello pyboard!") u maxkarus Enter - B BeiBosie MbI yBumian hello, pyboard!

Ecnu BBI y2Ke 3HAKOMBI ¢ python - mompobyiiTe BBHITOJIHUTH OCHOBHBIE KOMAH/IHI.
Ecmn kakas-nubo n3 aHux He cpaboraer - mompodyiite hard reset or a soft reset; cmoTpu HIKe.

Tloitaém nmasbitie u MOpobyeM BBECTH HEKOTOPBIE JApyTue KoMauabl. Hampumep:

>>> pyb.LED(1) .on()
>>> pyb.LED(2) .on()
>>> 1 + 2

3

>>> 1/ 2

0.5

>>> 20 * 'py'

' PYPYPYPYPYPYPYPYPYPYPYPYPYPYPYPYPYPYPYPY '

Cbpoc MukpokoHTpoiepa

Ecim uro-to noiiaér He Tak - BbI MOXKeTe COPOCUTH MUKPOKOHTPOJLIED AByMs criocobamu. [lepBorit - HaXkaTh
CTRL-D B komanmuoii crpoke Micro Python, npousoiinér msarkas nepesarpyska (soft reset). Bor yBumure
COODIIEeHNE HAIIOM00UE CJIe Ty IOIIero:

>>>

PYB: sync filesystems

PYB: soft reboot

Micro Python v1.0 on 2014-05-03; PYBv1.0 with STM32F405RG
Type "help()" for more information.

>>>
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Econ ke 310 He cpaboTaeT - BBl MOXKeTe BBINOJHUTEL ammaparabiii copoc (hard reset) (turn-it-off-and-on-
again). s storo naxkmure RST Ha MUKPOKOHTpOJIepe (MajieHbKas UepHas KHONKA OJIMXKe K PasbeMy
micro-USB ma njiare). 910 0CcTaHOBAT CeaHc, orcoeauuuTes or jioboit mporpammel (PuTTY, screen, u T.i1.),
KOTOpasl UCHOJIb3YeTCs JJIsl HOJKIIoueHust K pyboard.

[epen, anmapaTHbiM cOPOCOM PEKOMEH/IYETCS TIPEIBAPUTENHLHO OTKJIIOYNTH IIPOrPaMMy YAAJEHHOTO JOCTYTIa
U u3BJedb/pasMoHTUpOoBaTh pyboard.

BkntoyeHue ceBetognonoB n ocHoBHble noHATUA Python

Ha pyboard npore Bcero cuesrath BKJIIOUEHHE CBETOIUOIOB, MOJAKJIIOUYEHHBIX K IiaTe. CoequHuTe miary c
KOMITHIOTEPOM U BOIINTE KaK OMUCAHO B pykKoBojcTBe 1. HaunéMm ¢ mepeksrouennst ceTomuoaa. Beeanre B
WHTEPIIPETATOPE:

>>> myled = pyb.LED(1)
>>> myled.on()
>>> myled.off ()

Ot KOMaHbI BKJIIOYAT W BBIKJ/IIOYAT CBETOAUO.

DT0 BCe 0YEHBb XOPOIIO, HO MBI ObI XOTEJIM aBTOMATH3UPOBATH TOT mporecc. Orkpoiite daitt MAIN.PY na
pyboard B BamreMm JIIOOMMOM TEKCTOBOM peflakTope. Hamuimure uan BCTaBbTE CJIEAYIONINE CTPOKKA B (hail.
Ecau Bl HOBHUOK B Python, To y6eaurech, 9To BBI ¢Jleiajn KOPPEKTHBIA OTCTYI, 9TO UMeeT 3HadeHue!

) ) )

led = pyb.LED(2)

while True:
led.toggle()
pyb.delay(1000)

Korma Bl coxpanuTe m3MeHeHUs, KPACHBINA CBETOMO JIOJ?KEH Ha CEKYHJIy 3aroperbcs. 1ToObl 3allyCTUTh
cKpunr, caenarbh Markyio nepesarpysky (CTRL-D). Pyboard nepesamycrurces, u Bbl yBUAUTE KaK 3€JI€HBII
CBETOJINOJT HEIIPEPBIBHO MUTAET: BKJIOUAETCs] M BBIKIIOUaeTcs. Ycrex! IlepBoliit mar Ha myTH K CO3IAHUIO
apmun 361X poboros! Korma BaM HACKYYUT HA30MIMBBIA MUTAIOIIMiA 3eJ1éHbIH cBeToauo - HazkMmuTre CTRL-
C B BaleM TepMuHaJe YTOObI OCTAHOBUTH €ro paboTy.

Wrak, uyro xe jgemaer sror kKox! Jljgs Hadajga HaM HyXKHa TepMmuHoJiorus. Python ob6bekTHO-
OPHEHTUPOBAHHBIN si3bIK, ouTu BCEé B Python ecrs class m Korjma BbI cO3/aéTe IK3EMILISAD KJIacca - BbI
nosry4aaere object. Y KitaccoB ectb methods, cBsizanuble ¢ HUMHU. MeTo UCIOIB3yeTcs JIs B3aNMOIEHCTBUS
¢ 00bEKTAMI.

B nepgoit crpoke xoma cozmaércs LED o6bekT, koTopbiit Mbl HazbBasm led. Ilpu cozmanum, 3Tor 06BEKT
[IpUHEMAeT OJIMH IIapaMeTp - YHUCIO B jauara3oHe oT 1 J0 4, COOTBETCTBYIOIIEE YETHIDEM CBETO/IMOAM HAa
wiare. Kiace pyb.LED umeer tpu Baxkubix merona: on(), off() u toggle(). Jpyroit mMeTom, KOTOpBIH MbI
ucnogab3yem: pyb.delay() - on npocro oxujaer B TedeHUe 3aJaHHOIO B MILIMCeKyHIaX BpeMenu. Cozmaérest
LED o6bekT u 3areM, B 6eckoneunoM nukiie (while True), npoucxomur nepekimodenue (toggle()) ceromuona
(o ectb on, off) u oxxunanue B 1 cexynuy.

VYupakHeHune: monpooyiite N3MEHUTh BPeMsl MEXK/Iy IMEePEKJI0YeHNEeM CBETOANO/Ia U M3MEHUTDH
caM CBETOJUOM.

YnpaxkHeHue: mMoAKJII0YNTEeCh K pyboard, co3aaiite o6bekT pyb.LED u BKIoUnTE €ro, NCHoJb-
3ys meron on().
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OuckoTteka Ha Bawem pyboard

Jlo cux mop MBI UCITOJIB30BAJIN TOJIBKO OJIMH CBETOAMO, HO Ha pyboard mx gersipe. laBaiite co3mammm 00b-
€KThI JIJIs KazKJ0T0 CBETOMO/Ia 9T00bI KOHTPOJUpPoBaTh ux. Clesiaem 910, CO3/1aB CIUCOK (MacCuB) 0ObEKTOB

pyb.LED:

leds = [pyb.LED(i) for i in range(1,5)]

Eciin 8ol monipo6yete BoizBarh pyb.LED() ¢ uucsiom 3a npenesamu qausoro (1..4) auana3ona - HOrIyYuTe co-
obienue 06 omuoOke. lasee maBaiite co3aa MM OECKOHEUHDBIN UK, KOTOPBIH OYIeT BKIIOYATH U BBIKJIIOYATD
BCE CBETOJIMO/IBL:

n=20

while True:
n=(@+1) %4
leds[n] .toggle()
pyb.delay(50)

31ech N COMEPKUT TEKYIINN CBETOANO U KAXK/IYIO CJIEIYIONLY0 HTEPAIIIO IUKJIA TEPEXOINM K CJIELYIOMEMY
n (cumBou % siBisieTcss GMHAPHOI Olepalueii: oJyYeHue MOJLyJisl YUCJIa; TO €CTh 1L HAXOAUTCH B JAUAIIA30HE
or 0 10 3 BriounTesnbHo). [losyyaeM gocTyIn K n-oMy CBETOAMOAY U liepeKJiiodaeM ero. Korya Bbl 3amycrure
9TOT CKPUIT - YBUJIUTE KaK ITOOYEPEJIHO BKJIFOYAIOTCS M BBIKJIIOYAIOTCS CBETO/IUOIbI.

Bu1 moxkeTe 3aMeTuTh OiHY IpOOJIEMY: €CJI OCTAHOBUTH CKPUIIT U 3AITyCTUTH CHOBA - CBETOIUOIBI 3aCTPSIHY T
Ha MIPEIBIIYINEi CeCCur, PA3pyIas HAILY AUCKOTEKY. MbI MOYXKEM HCIPABUATH TO, BHIKJIIOYUB BCE CBETO IO/ IBI
[IpY MHULUAJIA3AIMY ¢ TOMOIIbIo 6s10Ka try /finally.

One problem you might find is that if you stop the script and then start it again that the LEDs are stuck
on from the previous run, ruining our carefully choreographed disco. We can fix this by turning all the
LEDs off when we initialise the script and then using a try/finally block. ITpu maxkarun CTRL-C, Micro
Python renepupyer VCPInterrupt uckirogenne. Vckimodenne 0OBITHO 03HAYAIOT YTO YTO-TO MOMIIO HE TaK
7 BBI MOYK€TE UCIOIB30BATh try: KOMaHIy, KOTOpas “JTOBUT’ UCKJIOUYeHusI. B TaHHOM CiIydae 9TO BCETro JIUIIb
[I0JIb30BATENIBCKOE IIpepbIBaHue ckpumta. HaM He Hy2KHO JI0BUTH OmubKy - mpocto ckaxkeMm Micro Python uro
OH JIOJIZKEH JIeJIaTh KOTJ[a MbI OCTAHABINBAEM CKPUIIT. VIcHoIb3yeM 9T0 9T06bI yOEINTHCS 9TO BCE CBETOIHO B
BoIKJTIo9eHbl. Ko:

leds = [pyb.LED(i) for i in range(1,5)]
for 1 in leds:
1.0ff()

try:
while True:
n=(@+1) %4
leds[n] .toggle()
pyb.delay(50)
finally:
for 1 in leds:
1.0offQ)

HeTBEpTHLIV CneymanbHblii cBETOAMOA,

CuHnit CBeTOAMO/ OCODEHHBIN - BbI MOYKETE KOHTPOJUPOBATH MHTEHCUBHOCTDL €0 CBEUYCHUSI. DTO JEJIACTC C
HOMOIIBIO ClienuaabHoro Meroa intensity(). Murencusrocts 310 yucsao ot 0 qo 255, KOTOpoe onpeesseT
Ha CKOJIbKO SIPKO CBETHUTCSA cuHuit cBeromuoa. Cremyronuit Ko MOCTEIEHHO IMOBBIMAET SIPKOCTDh W 3aTeM
BBIKJIIOYAET STOT CBETOINOI;
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led = pyb.LED(4)

intensity = 0

while True:
intensity = (intemnsity + 1) 7 255
led.intensity(intensity)
pyb.delay(20)

Bbl MoxKeTe BBI3BATH intensity() m jyist IPDyrux CBETOAMOMOB, HO OHU MOTYT OBITH TOJBKO BKJIOUEHBI UJIH
BBIKJIFOYeHbI. ) UX BBIKJIFOYAET, & JIF000e JIPyroe Yucjo j0 255 - BKJIIOYAeT.

MNepekntoyatenb, obOpaTHble BbI3OBbl U MpPepbiBaHNSA

Ha pyboard ectb nBe HebombIUEe KHOIKY, Ha3biBaoomuecs USR u RST.

RST uepeksogaresns nesaer ammnaparayio nepesarpysky (hard-reset) u, ecam Bbl Ha Hero - pyboard nepesa-
IPY3UTCS; AHAJIOTUYHO BBIKJIFOUEHUIO U BKJIIOUEHUIO MUKPOKOHTPOJLIEPA.

USR nepersrodaresib [jisi OOIIErO MOJB30BAHUS W yIPABJISETCsI C HMOMOINBI obbekTa Switch. Coszganue
00'bEKTA TIePEKITIOIATEIIS:

>>> sw = pyb.Switch()

TlomuuTe, Bam ckopee Bcero morpedyercs MOAKJIIOYNTH pyb: import pyb, eciu BbI mosydnte omudky “the
name pyb does not exist”.

C IIOMOIIIBIO IIEePEeKJIroIaTe/Isd Bbl MOXKeTe ITOJIyIUTh CBOM CTaTycC:

>>> sw()
False

Byner monydeno False ecsin nepekiiodaresib He Haxkar, uin True ecu oH Haxkar. I[lompobyiite yaepuBaTh
USR moka BBITIOTHSETCS BBIMNIEYyKA3aHHAST KOMAH/IA.

Mepekntouernne cpyHkumn obpaTHoro Bbi3osa (callback)

Ilepekouaresb O4YeHb MPOCTON OOBEKT, HO y HEro OJHO pacmupenue GYHKIHOHAMA: (DYHKINA SW.
callback(). @yHkIiuss 0OpaTHONO BBI30BA YCTAHABJIMBAET AJI'OPUTM JEHCTBHII KOIJa KHOIKA HayKara U
WCIIOJIB3yeT IpepbiBadus. Kak paboTaroT mnpepbiBaHUs, HABEPHOE, JIyUIlle BCEro MOHSTH Ha mpumepe. [lo-
poOyiiTe 3aIIyCTUTD CJIEAYIOMIA KO/

>>> sw.callback(lambda:print('press!'))

Kaxprit pas npu maxkarun #Ha USR BoiBomutcs press! Ioiiném namee m maxkmém USR mepekistouaress -
CMOTPHUTE YTO BBIBOAUTCH Ha 3KpaH. O6paTure BHUMaHUE UTO 3TOT BBIBOJ IIPEPHIBAET BCE, UTO BBl BBOIUTE:
[IpUMep ACUHXPOHHBIX IIPEePhIBAHUIA.

B kadecrBe npyroro mpumepa, mompobyiire:

>>> sw.callback(lambda:pyb.LED(1).toggle())

Kuonka USR Oymer BKJIFOYATH M BBIKJIIOYATH KpacHbBIM cBeromuoi. U 3ro Oymer paborarh aKe BOBpPEMsi
BBITIOJIHEHUS JIDYTOT'O KOJIA.

YT006b! OTKIIOYATH KOJIJIOIK - TepeaaiiTe B Hero None:
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>>> sw.callback(None)

Boi Moxkere mepesiaTh B KOJUIOIK JIOOYI0 (DYHKINIO, KOTOPAsl HE CONEPXKUT apryMeHTOB. BhIllle MbI UCIIOJIb-
3oBasin lambda - ocobeHHasi (DYHKIMS [T CO3/TAHNS aHOHUMHBIX (DyHKIMiT HajaeTy. BmecTo HeE Mbl Morin
OBl coe1aTh:

>>> def £():
pyb.LED(1) .toggle()

>>> sw.callback(f)

3nech cozmaérest dyukiuma £ u nepegaéres KooKy mepeksodaresnst USR. Takoit crocob mmeer cMBICI,
ecyii Bama yHKIMA 0oJiee CJA0KHAsI, YeM MTO3BOJISIET CaesaTh lambda.

O6parnTe BHUMaHUE, 9TO Bau GYHKIMA 0OPATHOIO BBI30BA HE JIOJIKHBI BBUIEJSITh HUKAKYIO NaMsTh (Ha-
IpUMEp OHU HE MOIYT CO3JATh KOPTeXK Ujd Cnucok). DyHKIuu 06paTHOrO BBI30BA JOJIKHBI ObITH OTHOCH-
TeJILHO IPOCThIMU. FKCj BaM HYKHO CO3aTh CIUCOK - CIeIaiiTe 9TO 3apaHee U COXPAHUTE €ro B II00AJIbHOMN
[epeMeHHON (um co3zjaiiTe ero BHYTPH KOJUIO9KA U B HEM 2Ke 00d3arTebHO yuajauTe). Eciaum BaM HyKHBI
JIOJITUE CJIOXKHBIE PACYETHI - UCHOJIb3YHTe KOJIOIK-PYHKIUIO 9TO0bI YCTaHOBUTH (hyiar (CChUIKY) Ha KO, Tie
OyIyT peasn30BaHbI TpeOyeMble PACUYETHI.

TexHuueckune getann npepbiBaHWi

JlaBaiiTe paccMOTPHUM IOIPOOHEE UTO MPOUCXOAUT C MEPEKI0YaTe/IeM 00paTHOro Bbr3oBa. Korma BbI mepe-
naére dbyHkimio B sw.callback() - nepekiodaresns ycranapiusaer saemnuil Tpurrep (falling edge) mpe-
peiBanus Ha nuH (pin), KOTopslil coequuén ¢ kHonkoit USR. DTo 03HauaeT, Y70 MUKPOKOHTPOJLIED CILYINAET
9TOT MUH ¥ OTJIABJIUBAET JIOObIe M3MeHeHus. [[poncxoquT ciemyiorree:

1. TIpu HaKaTUU Ha KHOIKY IIPOMCXOIUT U3MEHEHUE Ha KOHTAKTEe (IIMHE): 3aMbIKAHUE; U MUKPOKOHTPOJI-
JIEp PErUCTPUPYET ITO.

2. MUuKpOKOHTPOJLIEP 3aBEPIIACT BBITOJHEHAE TEKYIel MAITMHHON MHCTPYKIIUHA, OCTAHABIMBACT BBIIIOJI-
HEHNe ¥ COXPAaHsIeT TEeKyIlee COCTOsiHUE (3alUChIBACT PEIHCTPBL B CTEK). DTO IIPEPHIBAET BBHIIOJIHEHUE
JIIOOOTO CKPUIITA Ha ILIaTe.

3. MukpoKOHTpPOJLIEp HAYNHAET BBIMOJHATH CIEIUAIbHBIN 00pabOTINK MPEPHIBAHUS, CBSI3aHHOTO C BHEIII-
HuM Tpurrepom nepersmodaresiss USR. DTor 06paborumk mpepbiBaHuil morydaer (QyHKIUIO, KOTOPYIO
BBI Tiepefan B sw.callback(), u BBITOTHSIET €€.

4. ®yuxiums 06paTHOTO BHI30BA BBITIOIHAETCS MOKA HE 3aKOHYUT; 3aTEM BEepPHET yIIpaBjeHune o0paboTanKy
[IPEPHIBAHUS.

5. O6paboTunK mpephIBaHus COOOIAET MAUKPOKOHTPOJLIEPY, UTO IIPEPhIBAHUE 3aBEPIIUIOCE.
6. MukpoKOHTpOJLIED BOCCTAHABJIMBAET COCTOSHUE, COXPAHEHHOE HA Iare 2.

7. Boimosanenue IIpOrpaMMbl IIPOAOJIZKaeTCs C TOI'O MeCTa, Ha KOTOPOM OCTaHOBHJIOCH. Hay:sa Ha BBIIIOJI-
HEeHHNU KOJa HUKaK H€ CKazKeTCd.

JlaHHas TOCJIEIOBATEIHHOCTD HECKOJIBKO YCJIOXKHSAETCS KOTa OJHOBPEMEHHO ITPOUCXOIUT HECKOJBKO MIPEPHI-
Banuit. B saToMm ciryuae npepbiBaHne ¢ HAaMOOJIBIINM IIPUOPUTETOM BBIIOJHAETCS PAHbBINE W TaK Jajiee II0
IpHoOpuTeTy B IHOpsijKe odepeu. [Ipuopurer npepbiBanus nepeksodaresas USR sBiseTcs: caMbiM HI3KUM.

AkcenepomeTp

S,B;er BbI U3Yy1IUTE KaK UCIIOJIb30BaTh aKCEJI€POMETD U BKJ/IIOYATH CBETOAMUOAbI OTHOCHUTE/IbHO HAKJIOHA IIJIaThI.
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Mcnonb3oBaHue akcenepomeTtpa

Ha puboard ects akcesiepomerp (Kporiednasi FrUpbKa Ha KPOIIEYHOl IIPY’KUHE) KOTOPDIH MOXKHO UCIIOJIB30-
BaTh JIJIST TOTO, YTOOBI OOHAPY?KHUTH yTOJI U JIBUKEHNUE TIATHL. ECTh 1 APYTOi ATINK JJIsT KazKI0TO H3MEPEHUsT
X, ¥, z. Just mosryuenus 3nadenus akcesepoMerpa, codzaiire oobekT pyb.Accel() u BorzoBure x() MeTO.

>>> accel = pyb.Accel()
>>> accel.x()
7

Dror Meros Bo3Bpamaer resoe dncyo ot -30 go 30. Obparure BHUMaHME, YTO PE3yJbTAT U3MEPEHU OYeHb
3aIIyMJIEH; TaK UTO JA2Ke €CJIM BbI Oy/IUTe JIEePKATh ATy UJIeaJIbHO POBHO - OYIyT HEOOIIbITNE H3MEHEHU ST
B 3HAYEHUSIX, IOJIYIEHHBIX OT U3MEPUTEbHBIX (DyHKIWil. [losTOMY BBI He JOJIXKHBI MCIIOJIB30BATH TOYHBIE
suadenus Gysxnun x() - paboTaTh CIEAyeT ¢ AUAIA30HOM 3HAYECHUIA.

JaBaiiTe HaMMIIIEM KOJI, KOTOPBIit OyIe€T BKIIOYUATH CBETOINO/, TOTIA, KOT/IA TIIaTa PACIOJJIOKEHA He TOPU30H-
TaJbHO OTHOCUTEJIbHO OJHOIN U3 OCEl.

accel = pyb.Accel()
light = pyb.LED(3)
SENSITIVITY = 3

while True:
x = accel.x()
if abs(x) > SENSITIVITY:
light.on()
else:
light.off ()

pyb.delay(100)

Msu1 cospamu Accel u LED o0bekThl, 3aTeM IOJIyYU/Id 3HAYEHUE aKcejJepoMerpa ocu X. Fcym abcosorTHast
BeJIMYNHA 3HAYEHUsT X OOJIbIlle 4eM olpejesiéHHast KoncTtanTa SENSITIVITY, TO CBETOJIMOJI BKJIFOUAETCS, B
[IPOTUBHOM CJIy4ae - BeIKJIouaeTcs. LIk nmeeT HeOOIbIyIO 3a/1epKKy pyb.delay (): ecsin 66 €ro He OBLIO,
TO CBETOUOJ, OBl OYEHb YATO MUTAJI IPY 3HaUYeHnAX X Osim3kux K SENSITIVITY. [lonpobyiiTe 3amycTuTh STOT
KOJI Ha BallleM MUKDOKOHTDOJIJIEPE U IIOKPYTUTE €r0 BJIEBO,/BIIPABO, YTOObI AKTUBUPOBATH CBETOIUO.

YnparkHeHne: U3MeHUTe IIPeAbIAYINuii CKPUNT TaK, YTOOBI CHHUII CBETOOMOJ, CTAHOBUJICA TEM
sipye 4YeM OoJibinumii yroJs HakJioHa Oyzer y miartel. CoBer: Bam Hy>kHO OyZaeTr macuirabupoBaThb
3HaAYEHUs, ITHTE€HCUBHOCTh cBeToauoaa 0-255.

Co3paém ypoBeHb

IIpumep BbIIIE 6aa TYBCTBUTEIEH TOJBKO JIUIIb K HAKJIOHAM OTHOCHTEIHHO OCH X, HO €CJIM MbI UCIOJIB3YEM
suadenns y() u OOIbIE CBETOIMOIOB - TO MOXKEM IIPEBPATUTL pyboard B ypOBeHb.

I

xlights
ylights

(pyb.LED(2), pyb.LED(3))
(pyb.LED(1), pyb.LED(4))

accel = pyb.Accel()
SENSITIVITY = 3

while True:
x = accel.x()
if x > SENSITIVITY:
x1lights[0].on()
xlights[1].0ff ()
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elif x < -SENSITIVITY:
xlights[1].on()
x1lights[0].0ff ()
else:
x1ights[0].0ff )
xlights[1].0f£ ()

y = accel.y(Q)

if y > SENSITIVITY:
ylights[0].on()
ylights[1].0f£()

elif y < -SENSITIVITY:
ylights[1].on()
ylights[0].o0ff ()

else:
ylights[0].o0ff ()
ylights[1].0ff ()

pyb.delay(100)

Mper mHaunnaem ¢ cosmanus koprexka LED obbekToB mis x, y. Koprexu - Hemamensiembie 00beKThI B python,
9TO O3HAYAET UTO UX HEJIb3s M3MEHUTD [IPU CO3TAHUN. 3ATEM MBI JEeJIaeM TO K€, ITO U PAHBIIE, HO BKIIIOIAEM
pa3HbIE CBETOIUOIBI JJIs IOJIO2KUTEILHOTO U OTPUIATEIFHOIO HAKJIOHOB OTHOCUTEJIBHO ocu X. [lasee memaem
TO Ke camoe Jijist ocu y. He 0cobeHHO n30MIpEHHBII METOI, HO OH paboTaeT. 3allyCTUTe 3TO Ha BalreM pyboard
U BBl YBUJUTE KAK BKJIIOYAIOTCS PA3JIUIHBIE CBETO/IMObI OTHOCUTEIHHO TOr0 KaK HAKJIOHEHA ILIATa.

Be3onacHbin pexxumMm 1 BO3BpaT K 3aBOACKMM HAaCTpoikam

Eciu garo-To monio He tak ¢ Bamum pyboard - He manukyiite! Ciomars pyboard ¢ mOMOIIBIO POTpAMMU-
POBaHUST MPAKTUIECKH HEBO3ZMOYKHO.

B nepsyto ouepesp nonpobyiiTe BoiiTH B O€30IACHBII PEXKUM: IIPH ITOM BPEMEHHO IIPOIYCKAETCs BBIIIOJIHEHTE
boot.py u main.py, ucrnonb3ys 6a3oBbie HacTpoiiku USB.

Ecmm y Bac BozHuk M ipobsieMbl ¢ hailyToBOM CHCTEMOIT - BbI MOXKETE CeJIaTh BO3BPAT K 3aBOJICKAM HACTPOLi-
KaM, KOTOPBIil BOCCTAHOBHUT (DAMIOBYIO CHCTEMBI B UCXO/IHOE COCTOSTHIIE.

Be3onacHbiii pexxum

YToObI BOUTH B OE30MACHBIN PEXKUM, BBITIOJIHUTE CJIETYIOIIEE:
1. TMoakstounte pyboard mo USB.
2. Haxxwmure u yuepxkusaiite kaonky USR.
3. Yaepxusas USR, maxkmure u ormycrure RST.
4

. CBeTouopl HAYHYT ITOOYEPEIN IEPEKTI0UAThCI MEXKJIy PeXKUMaMU: 3eJIEHBIN, OpaHKEeBbIil, 3eJé-
HBIA-+OpanzKeBblil.

ot

B Tor momenT korma Oyzer roperb moavko opamdtceswili ceemoduod - ormycture USR.
6. OpaHKeBbIil CBETOMMO, JOJIKEH OBICTPO MOMHTATH 4 pa3a M BBIKIIOIUTHCS.

7. Tenepb BbI B 6€30IIaCHOM DPEKUME.
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B 6e3omacnom pexume daiiyibl boot.py u main.py He BBIIOJIHAIOTCH W, 3HAYUT, pyboard 3arpykaercs c
HACTPOWKAMHE 110 YMOJIAHHUIO. DTO 03HAYAET, UTO BBI TEIEPh UMeeTe J0CTyI K (daifinosoii cucreme (USB auck
JIOJIZKEH TIOSIBUTHCS) U MOYKETE PEJaKTUPOBATL boot.py U main.py YTOOBI YCTPAHUTD JIOOBIE HEMOJIAJKH.

Bxom B Ge3omacHbIil pekuM SBJIsIETCS BPEMEHHBIM U He BJICYET HUKAKMX M3MeHeHwil B daitax Ha pyboard.

BosepaT daiinoBoii cucrtembl K 3aBOACKMM HaCTpoOKam

Ecian Barma daiinosast cucrema OyzieT mospexxieHa (K mpuMepy Bbl 3a0y/IUTe U3BPeUb,/ PA3MOHTHPOBATH MUK~
POKOHTPOJLIIED) WK Y BAC €CTh KOJI B boot . py WK main. py, KOTOPHII BbI HE MOYKETE OTKJIIOYUTD - Bbl BCEIJIA
MozKeTe cOpocuTh GalyIoByIO CHCTEMY.

Cbpoc daiioBoil cucremsl yaassier Bce (aitiabl Bo BHyTpeHHeil namstu pyboard (me SD kaprei), a Takxke
BOCCcTaHaBauBaeT Gdailiabl boot.py, main.py, README. txt u pybcdc. inf o6paTHO K UX 6230BOMY COCTOSIHHUIO.

Yr0o06BbI ciiesiaTh BO3BPAT K 3aBOJACKIM HACTPONKAM, BbI JIOJI2KHBI IIOBTOPUTH IIPOIEAYPY BXO/1a B 6E30IIACHBII
pexkuM, HO oTnycTuTh KHONKY USR B TOT MOMeHT Korma Oy/iyT roperh 3eJEHBI+O0paHKeBbIil:

1. Toaksounre pyboard mo USB.

2. Haxkmure u ynepxkusaiite KHOnKy USR.

3. Yuepxusas USR, naxxmure u ormycrure RST.
4

. CBeromonpl HAYHYT ITOOYEPEIN TEPEKTI0UYAThCA MEXKJIy PeXKUMaMU: 3€JEHBIN, OPAHKEBbBIA, 3eJé-
HBII-OpaH2KEeBBIi.

B ToT MOMeHT Korya Gy IyT ropeth oba ceemoduoda (3eaénwiii u opanstcesniti) - ormycrute USR.
3e/IEHBIN 1 OPAHYKEBBIH CBETOIUOIBI JOJZKHBI OBICTPO TIOMUTATh 4 pasa.
Kpacublit cBeToauo BKIIOYUTCs (Terepb ropaT 3 CBETOIUO/A: KPACHDBI, 3€JIEHbI U OPAHKEBDII ).

Ceituac pyboard cOpacsiBaer daitiaoByio cucreMmy (910 3alfiMET HECKOJIBKO CEKYHJI).

© *® N s o«

Bce cBeToamonpl BeIKIIOYATCS.
10. Temeps Barma daityioBas cucrTeMa B €€ MepPBO3IAHHOM BHUJIE.

11. Haxxwmmure u ormycrure RST miist 3amycka.

Oenaem us pyboard USB mbiwb

Pyboard sro USB ycrpoiicTBO, KOTOPOE MOXKHO IIpEBPATUTh B 00bIUHYI0 USB MBIIIb.

st Toro 4TobBI ClienaTh 9TO, MBI JIOJKHBI n3MeHnTh Koudwuryparmio USB B daitie boot.py. Ou Oymer
BBITVISIZIET TAK

# boot.py -- Tun on boot-up
# can run arbitrary Python, but best to keep it minimal

import pyb

#pyb.main('main.py') # main script to run after this one
#pyb.usb_mode('CDC+MSC') # act as a serial and a storage device
#pyb.usb_mode(’CDC+HID’) # act as a serial device and a mouse

YT00bI BKIIOYUTH PEXKUM MBIIIHA - PACKOMMEHTUPYHTE IMOCIEIHIO CTPOKY, CIEIaB €€ MmoxXoxkeil Ha

pyb.usb_mode('CDC+HID') # act as a serial device and a mouse

3.8. Oenaem u3s pyboard USB mbiws 19
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Ecin BBl y2xe n3menmm Bam daitn boot.py, To OCTaETCS HAIIUCATH COBCEM HEMHOI'O KOJIA:

import pyb
pyb.usb_mode ('CDC+HID')

1o macrpour pyboard xak CDC (mocsienosaresbubiii/serial) u HID (ycrpoiicrBo st B3auMogeiicTBus ¢
YEJIOBEKOM, B HAIEM Cjrydae - Mbiib) USB ycrpoiicrBo Korya oH 3arpy3urcs.

Ussnekure /pazmonrupyiite pyboard u nepesamycrure, ucnosnbdys Kaouky RST. Tenepn Bain KoMubioTep
JIOJIZKEH paclio3Harh pyboard Kak MbIilb!

OTnpaBka cobbITUI py-MbILLN KOMMbIOTEPY

Y100BI MOJIyYUTH PY-MBIIIb - MbI JIOJI2KHBI OTIIPABJIATE COOBITHSI Py-MBIIKA KOMIbOTEPY. IlepBbiM feom mc-
nonp3yeMm REPL. IonkirounTecs k Bamemy pyboard, ncmosib3ys IporpaMmy yAaJEHHOTO TOCTYIA U BBEIUTE
CIIeIyIoIee

>>> pyb.hid((0, 10, 0, 0))

Bamr kypcop nosken niepeasuayThes Ha 10 mukceseir BipaBo! B KomamH/e BbIlie Bl OTIIPABWIN 4 €MHAIIBI
nH(MOPMAIUHI: O COCTOSHUHN KHOIIKH, X, y, U CKPOJUINHT. B nannoMm ciydae uucsao 10 o3Ha49aeT 4TO MOJI0XKEHNE
KypCcopa JIOJI2KHO U3MEHUTBHCS Ha JIeCATh ITUKCeseil B MOJIOKUTETbHOM HAIIPABJIEHUM OTHOCUTEIBHO OCH X.

Jagaiire cuesaem Tak, 9ro0bl Kypcop BUOpUPOBaJI (BJIEBO U MPABO):

>>> import math
>>> def osc(n, d):
for i in range(n):
pyb.hid((0, int(20 * math.sin(i / 10)), 0, 0))
pyb.delay(d)

>>> 0sc (100, 50)

Ilepssriit aprymenT QyHKINN 0SC - KOJTUIECTBO COOBITUI, KOTOPBIE OYIyT OTIPABICHBI KOMIIbIOTEDY. BTOpOIit
- 3aj1ep:KKa (B MIJLIMCEKYHIaX) MEXKy cobbITusaMu. [loskcrepuMenTupyiite ¢ pa3indHbIMU 3HAYCHUSIMU.

YupaxkHeHue: czesaiiTe Tak, YTOOBI KypCOp JBHUTAJICH II0 KPYTY.

Mbiwka 13 akcenepomeTpa

Tenpenb nasaiite cuenaem n3 pyboard HACTOSIYIO MBIIIKY IIPU HOMoOINU akcejaepomerpa. Cremayiommii Ko
MOXKHO BBECTHU HEIIOCPEICTBEHHO B mHTepakTuBHOM cTpoke REPL nian nammcars B daiti main. py. B nannom
cJIydae MbI PACIIOJIOKKM KOJI B main.py Tak Kak, CJIeJAB 3TO, Mbl HAYIUMCsI paboTaTh B OE30MIACHOM PEXKHME.

Ha nanrbiit MomenT pyboard BeicTynaer B posn nocienosareasroro USB yerpoiictea u HID (mbims). ITo-
9TOMY MBI HE UMeeM JIOCTyla K (GailloBoil cucreMe U He MOXKEM DEJIAKTHPOBaThH dailia main. py.

Taxk ke u aitn boot.py MbI He MOXKEM OTpemakTUpoBaTh 4T0ObI BhifiTn w3 HID-pexkxuma u BepHyThCH K
HopMaJsibHOMY pexkumy USB ycrpoiicTsa...

YTo0bl BBIAITH U3 ITON CUTyalluu HaM HEOOXOIUMO IEPEATH B 6€30MacHbill pescum. ITO OBLIO OIUCAHO B
[GesonacHbIi pexkUM U BO3BPAT K 3aBOJCKUM HacTpoiikaM|(tut-reset), HO MBI IOBTOPUM HHCTPYKIUN:

1. Ioakisrounte pyboard mo USB.
2. Haxkmure u yrepxkusaiite KHonky USR.

3. Yuepxusas USR, Haxkmure u ormycrure RST.
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4. CBeTouonbl HAYHYT II00UEPEIN MEPEKJII0YATHCS MEXKJy PEeKUMaMU: 3€JEHBIN, OPAHXKEBBIH, 3eJ16-
HBIA-+OpaHzKeBbIil.

5. B Tor MoMeHT KOT/1a OYIEeT TOPETh Moabko opardicesniti céemoduod - ormycture USR.
6. OpaHKeBbIil CBETOMMO, JOJKEH OBICTPO MOMHUTATh 4 pa3a M BBIKIIOIUTHCS.
7. Temepb BbI B 6€30IIACHOM pPEXKIME.

B OGezonacmoMm pexume daitipl boot.py u main.py” “He BHmONHAWTCH X pyboard 3arpyxaercs C
HacTpo#KaMu IIO yMondaHWo. ITO O3HavaeT, YTO Telepb y HAaC eCThb HOCTYI K ¢aiinmoBoit cucrTeme

(monxen mossuThca USB nuck) u Mb MoxeM permakTupoBaTh ~main.py. (OcraBum boot.py 6e3 usmene-
HUI TaK Kak, 10CJIe BHECEHU N3MEHEHHiT B main.py, Mbl [O-IPEXKHEMY XOTHM HCIoIb30BaTh HID-pexnm.)

B main.py mHamumem ciemyromuii Kos:

import pyb

switch = pyb.Switch()
accel = pyb.Accel()

while not switch():
pyb.hid((0, accel.x(), accel.y(), 0))
pyb.delay(20)

Coxpanum Ham aii, u3siedéMm/pasmontupyem pyboard u nepesarpysum ero, ucnosib3ys kuonky RST.
Teneps pyboard 6ymer paborars Kak MbIib: JI1000e OTKJIOHEHHE ILIATHI OT FOPU3OHTAJIBHOIO IIOJIOKEHUS
[epeIBUraeT Kypcop MbIIIIH.

Hazkmure USR 9T00OBI IIpeKpaTuTh paboTy IMPOrPAMMEI.

Ber 3amernTe, 4TO OCh y MHBEPTHPOBAHA. DTO JIETKO UCIPABUTDL: BJIETO JIUINDb [IOCTABHUM MHUHYC LEPeJT Y-
koopamHaTramu B pyb.hid ().

BoccraHoBneHune pyboard k HopmanbHomMy cocTosiHuto

Ecim MbI ocTaBuM BCE Kak ecTh, TO KaKJbIil pa3 Ipu HojkJo4YeHnu, pyboard Oymaer BecTu cebsi KaK MBIIIIb.
Bosmoxk#o BBl He X0THTE 3TOr0. YTOOBI BEPHYTHCS HOPMAJIBLHOE COCTOSHUE, HY?KHO HEPBBIM JIEJIOM BONTH
B Ge30macHbIil peskuM (CMOTPH BBIIE) U OTPEIAKTHPOBATH (bailyi boot.py. B boot.py HyKHO 3aKOMMEH-
TUPOBATH (IIOCTABUTH B HAYAJIO CTPOKU CUMBOJI #) cTpoKy ¢ CDC+HID macrpoiikamu. JJOJKHO IOJIyYUuThCs
cieyromee:

#pyb.usb_mode('CDC+HID') # act as a serial device and a mouse

Coxpannm Hant dail, uszsiedém,/pasmonrupyeM pyboard u nepesamycrum ero. Mbl BepHy/Iuch K HOpMaJib-
HOMY DEXKUMY.

Tamepsbl

Y pyboard ectb 14 TaiiMepoB, KaxXXblii U3 KOTOPBIX SBJISIETCS HE3aBUCHMBIM CIETINKOM, PabOTAIONIAM HA
OTIPEIeJIEHHOM MOJIb30BaTeIeM JacTore. VIX MOXKHO HMCIIOIB30BATH JJIs 3AIyCKa (MYHKIMIT 9epe3 OmpeeseH-
Hble IPOMEXKYTKHU BpeMmenu. Bee 14 TailimepoB npornymeposansl oT 1 110 14, Ho 3-if 3ape3epBUpOBaH BHYTPEH-
HUX HYK/JI, TAKXKe Kak 5-# u 6-it ucnosbaytores st cepporpuboos 1 ADC/DAC kouTposuiepos. CrapaiiTech
HE WCIIOJIb30BATh TU 3apPE3epPBUPOBAHHBIE TallMepPHI.

HapaiiTe cozmaaum Taiimep:

3.9. Taiimepbi 21
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>>> tim = pyb.Timer(4)

TeHepb ,uaBaﬁTe IIOCMOTPHUM YTO MbI TOJIBKO 9YTO CO3daJIN:

>>> tim
Timer (4)

Pyboard rosopur mam, 4ro tim mpukpemién K TaliMmepy mHomep 4, HO OH emé He WHUIMAIM3npoBaH. VTak,
napaiite unurmagusupyeM ero ¢ dacroroit 10 I'y (aTo 10 pa3 B cekyHuy):

>>> tim.init(freq=10)

Teneps TaiiMep MHUIMAIU3UPOBAH U MBI MOXKEM HH(MOPMAIIIIO O HEM:

>>> tim
Timer (4, prescaler=255, period=32811, mode=0, div=0)

13 sroro caemyer, 9To 3TOT TaliMep HACTPOEH HA MUKJIUIHYIO PAOOTY € TAKTOBOI YacTOTOH B 255 U OH OyIeT
cuntaTrh 10 32811, mocsie Yero OH BBI3BIBAET MPEPBLIBAHNE, U HaYMHAET OTYET cHOBa ¢ 0. DTOoT HAbOp UmCces
3a/1aéT 9acToTy BbI30Ba npepbiBanusg B 10 ['m.

CuyéTuuk Taiimepa

Tak 4T0 MBI MOKEM Cj1e1aTh ¢ HamuM TajimepoM? CamMoe IIpocToe, 9TO MOXKHO IIOJIyYUTh - TeKYyIllee 3HAYCHUE
CUETUYNKA:

>>> tim.counter()
21504

DTOT CUETINK OYIET HEIPEPHIBHO MEHATHCS U MOICINTHIBATH.

Tanmep c cyHKUMel 0OpaTHOro BbI30Ba

Curesyrorniee 9To Mbl MOYKEM CJIEJIATD - 3TO CO3aTh (PYHKIMIO OGPATHOTO BBI30BA JIJI TaiiMepa 9TO0bI BBIIIOJI-
HUTB €€ npu cpabarbiBanuu (cMorpu [switch tutorial](tut-switch) BBenenne B dbyHKIUM 06pATHOrO BBI30BA):

>>> tim.callback(lambda t:pyb.LED(1).toggle())

KpacHblii ¢CBeTOMO/] HEMEJIEHHO HAYHET MUTATh ¢ YacToroi 5 ' (1Ba mepekmodenus: HeOOXOMUMBI JJIst OJI-
HOT'O TaKTa “TopeHnsi” CBeTOANO/Ia, TaK UYTO MmepeKaodenne ¢ yactoroit 10 ' o3HavaeT, 9To ropeTh CBETOINO,
Gyaer ¢ gacroroit 5 I'). Mbl MOXKeM U3MEHUTDH YACTOTY, IIOBTOPHO MHUIUAIU3UPOBAB TajiMep:

’ >>> tim.init(freq=20)

Ms1 MOXKeM OTKJIIOUNTH (DYHKITHIO 00pATHOTO BBI30Ba, IepesaB eif None:

’ >>> tim.callback(None)

OyHKINS, KOTOPYIO MBI IEPeaéM B KOJUIOIK-DYHKIUIO TOJ2KHA IIPUHEMATb 1 aprymMenT - taiimep. 9TO
[TO3BOJIIET HAM YIIPABJIATH TaiilMepOM BHYTPH (DYHKIIMH OOPATHOI'O BBI30OBA.

Mpbr MoxkeM CO3/1aTh 2 TaﬁMepa 1 3allyCTUThb UX HE3aBHUCHUMO JIPYT OT ApYyra:
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>>> tim4 = pyb.Timer(4, freq=10)
>>> tim7 = pyb.Timer(7, freq=20)
>>> tim4.callback(lambda t: pyb.LED(1).toggle())
>>> tim7.callback(lambda t: pyb.LED(2).toggle())

Tak Kax KOJUIOIK-(DYHKIMK ITO HACTOSAIINE AAPATHBIE TPEPBIBAHUS - Mbl MOXKEM ITPOJIOJI?KATH MCIIOJIB30-
Barh pyboard Ha cBOE ycMoTpeHme mpu pabOTAKIUX TaiiMepax.

Co3paHune cHETUMKa MUKPOCEKYHA

MpbI MOXKeM HCIIOIB30BATH TafiMep JJIst CO3MaHNT MUKPOCEKYHOIO CIETYNKA - STO MOXKET OBITH IT0JIE3HO KOIa
BBI JIeJTaeTe YTO-TO, UTO TpedyeT TOUHOM cuHxpoHu3aruu. JIas 3Toro Mbl Oy/1eM HCIOIb30BaTh 2 TaiiMepa:
rafimep Ne2 mmeer 32-X paspsiiHBIN CY6TUIMK (Tak Ke Kak U Taiimep Neb, HO ecsid MBI UCIOJIB3YeM €ro - He
CMOKEM HUCIIOJIB30BAThH CEPBOMOTOP).

Mpsr cozmaanm Taiimep Ne2 crremyrommum 00pa3oMm:

>>> micros = pyb.Timer(2, prescaler=83, period=0x3fffffff)

Sajannas TakToBas YacTora pasHa (prescaler) 83, sTo nesaer us raitmepa cuéruuk ¢ gacroroir 1 MI'. Dro
MIPOUCXOIUT MOTOMY UTO TAKTOBasi YacTOTa IpOIleccopa, paboTaromiero Ha dactore 168 MI'm, memurcs Ha
2 ¥ Torja K 3aJlaHHON YacToTe npubaBisiercs exuHuna (prescaler+1); Bcé aTo gaém Ham gacTory Tafimepa
Ne2: 168MTI'1i/2/(83 + 1) = 1MT'n. Ilepuon paBeH OrpOMHOMY YHUCILY, TAK 9TO TAafiMep He CKOPO BEPHETCH K
HyJIEBOMY 3HadeHn0. B maHHOM ciiydae TaifiMep BEPHETCS K HYJIIO IPUMEPHO dYepe3 17 MUHYT.

Ilepens Tem Kak MCIOIB30BATH STOT TAWMED, €r0 JIydIlle BCEro COPOCUTD B HOJIb:

>>> micros.counter (0)

M 3aT€M BBIIIOJIHUTH CBOI KO/

>>> start_micros = micros.counter()

KOZ,

>>> end_micros = micros.counter()

AccembnepHasi BCcTaBKa

3iech BBI y3HaeTe KakK ¢JIeJIaTh acceMbiiepHyIo BcTaBKy B Koj Micro Python.

ITpumeuanue: sra JacTh yIeOHUKA JJIs ONBITHBIX IMPOIPAMMIECTOB, JJIS TE€X, KTO YK€ HEMHOTO 3HAKOM C
MHUKPOKOHTPOJIJIEPAME U acCeMOJIEPOM.

C oMoIp10 acceMOJIEPHBIX BCTABOK BbI MOYKETE IHCATH ITPOIEYPhI acceMOJIepa U BBI3BIBATH UX KAK OOBITHBIE
dyukiun B Python.

Bos3BpauwieHne 3HaueHus

AccembiiepHble BCTaBKH 0D03HAYAIOTCS CIIETUAIBLHBIM cUMBOJIOM. Hadném ¢ mpocToro nmpumepa:
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@micropython.asm_thumb
def fun():

movw (r0, 42)

Bui Mmoxkere Hanucars s3Tot ckpunt B REPL. 9Ta (byHKIms He IprHeMaeT HIKAKUX apryMEHTOB 1 BO3BPAIaeT
qucyio 42. r0 - 3T0 perucTp, 3Ha4eHue 3Toro peructpa Bepuércs smecte ¢ 42. Micro Python Bcerna pacmnosnaér
r0 KaK integer u KOHBEPTUPYET €ro B OOBEKT JJIsl [TOJIydaTeIs.

Ecmu mbr 3amycrum print (fun()) - To yBuauM Kak Ha dKpaHe mogBuTcs 42.

HocTtyn kK nepudepunitHbiM ycTpoiicTBam

,HJ'IH TOro, 9T0OBI HEMHOT'O YCIIO2KHUTDL 3aa1y, ,ZLaBa.fITe BKJIIOYUM CBETOIUO/I:

Omicropython.asm_thumb
def led_on():

movwt (rO, stm.GPIOA)
movw(rl, 1 << 13)
strh(rl, [rO, stm.GPIO_BSRRL])

B,ZLGCL €CTh HECKOJIBKO HOBBIX 3JIEMEHTOB:

® Stm - 3TO MOJLYJIb, KOTOPBIH IIPEJIOCTaBIsAeT MHOXKECTBO KOHCTAHT JIJId IIPOCTOT'O JIOCTYIa K PEruCTPaM

MuKpOKoHTpoJsutepa. [Tonbltaiitech mMnopruposars stm (import stm) u 3areM Bbi3oBuTe help(stm)
B REPL. Jlo/keH MOSBATHCS CIIUCOK BCEBO3MOXKHBIX KOHACTAHT.

e stm.GPIODA - 310 ajpecc B namsitu nepudepuiinoro yerpoitcrsa GPIOA. Ha pyboard kpacublii ceeTo-

jauon Ha mopT A, mua PA13.

e movwt mepemeniaer 32-paspsiJ[HOE YUCJIO B PErucTp. D10 yaobHas (hyHKIMs, KOTOpas MPEeBPaIaeTcs

B JIBE€ OTJIMYHDbIE MHCTPYKIIMU: MOVW CJejayer 3a movt. Takxke, movt HeMeJIEHHO CIBUTAET 3HAYECHUE
BIpaBo Ha 16 6uT.

e strh xpanur nosy-caosa (16 6ur). Mncrpyknus Boinie coxpanser Huxkaue 16 6ur u3 rl B guelky

namsaTu rO + stm.GPIO_BSRRL. This has the effect of setting high all those pins on port A for which
the corresponding bit in r0 is set. In our example above, the 13th bit in r0 is set, so PA13 is pulled
high. 910 BK/IIOUAaET KpacHBIl CBETOIUOI.

Monyyenne aprymentos

Berpoennbie accembiiepHbie (pyHKIIMU MOTYT IIPUHEMATH 10 3-X apryMeHTOB. Kcjim OHEM UCHIOJIB3YIOTCS, TO
JIOJKHBL OBbITh Ha3BaHbl 0, rl U r2 jig 0TOOpaXKEHUsT PErUCTPOB U BbI30Ba corviarmenus(?77).

Huxe dyuxnms, koropast 106aBIseT 3TH apTyMEHTbI:

Omicropython.asm_thumb
def asm_add(r0, ril):

add(r0, r0, ri1)

Ota dyHKIUS BhITONMHAET Bhianciaenune r0 = r0 + rl. Pesymnbrar momernaercs B rO u Bo3Bpamaercs. [lo-
upobyiite asm_add(1,2) - 9TO JOKHO BEPHYTH 310
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Uuknbi

Mpsr MozkeMm Ha3HavdaTh MeTKH label (my_label) u BETBHUTH X, HCIIOJIB3YsI, b(my_label) mim yCJIOBHO BeT-

BUTDH Kak bgt (my_label).

B caenyromem npumepe muraet 3as6ubIi cBeronno. Ou Muraer rO pas.

Omicropython.asm_thumb

def flash_led(r0):
# get the GPIUA address in 7l
movwt (rl, stm.GPIOA)

# get the bit mask for PA1j (the pin LED #2 is on)
movw(r2, 1 << 14)

b(loop_entry)
label(loopl)

# turn LED on
strh(r2, [r1, stm.GPIO_BSRRL])

# delay for a bit
movwt (r4, 5599900)
label(delay_on)
sub(r4, r4, 1)
cmp(r4, 0)

bgt (delay_on)

# turn LED off
strh(r2, [r1, stm.GPIO_BSRRH])

# delay for a bit
movwt (r4, 5599900)
label(delay_off)
sub(r4, r4, 1)
cmp(r4, 0)

bgt (delay_off)

# loop T0 times
sub(r0, r0, 1)
label(loop_entry)
cmp (r0, 0)

bgt (loopl)

YnpasseHue nutaHnem

pyb.wfi () UCHOAB3YeTCs JJIsl CHUKEHUST SHEPTONOTPEOJICHIS IIPU OKUJIAHUN TAKUX COOBITUI KaK IpepbIBa-

Hue. MBI MOXKEM HCIIOJIL30BaTh €r0 B CJIEIYIONINX CUTYyAITUAX:

while True:
do_some_processing()
pyb.wfi()

YupasiieHue 4acToToit ¢ noMompo pyb. freq():
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’pyb.freq(BOOOOOOO) # set CPU frequency to 30MHz

PykoBoacTtBa TpeOyrowme A0ONONAHNTENbHbIX KOMMNOHEHT

Controlling hobby servo motors

There are 4 dedicated connection points on the pyboard for connecting up hobby servo motors (see
eg [Wikipedia|(http://en.wikipedia.org/wiki/Servo_ %28radio control%29)). These motors have 3 wires:
ground, power and signal. On the pyboard you can connect them in the bottom right corner, with the
signal pin on the far right. Pins X1, X2, X3 and X4 are the 4 dedicated servo signal pins.
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In this picture there are male-male double adaptors to connect the servos to the header pins on the pyboard.

The ground wire on a servo is usually the darkest coloured one, either black or dark brown. The power wire
will most likely be red.

The power pin for the servos (labelled VIN) is connected directly to the input power source of the pyboard.
When powered via USB, VIN is powered through a diode by the 5V USB power line. Connect to USB, the
pyboard can power at least 4 small to medium sized servo motors.
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If using a battery to power the pyboard and run servo motors, make sure it is not greater than 6V, since
this is the maximum voltage most servo motors can take. (Some motors take only up to 4.8V, so check what
type you are using.)

Creating a Servo object

Plug in a servo to position 1 (the one with pin X1) and create a servo object using;:

>>> servol = pyb.Servo(1)

To change the angle of the servo use the angle method:

>>> servol.angle(45)
>>> servol.angle(-60)

The angle here is measured in degrees, and ranges from about -90 to +90, depending on the motor. Calling
angle without parameters will return the current angle:

>>> servol.angle()
-60

Note that for some angles, the returned angle is not exactly the same as the angle you set, due to rounding
errors in setting the pulse width.

You can pass a second parameter to the angle method, which specifies how long to take (in milliseconds) to
reach the desired angle. For example, to take 1 second (1000 milliseconds) to go from the current position
to 50 degrees, use

’>>> servol.angle(50, 1000)

This command will return straight away and the servo will continue to move to the desired angle, and stop
when it gets there. You can use this feature as a speed control, or to synchronise 2 or more servo motors. If
we have another servo motor (servo2 = pyb.Servo(2)) then we can do

>>> servol.angle(-45, 2000); servo2.angle(60, 2000)

This will move the servos together, making them both take 2 seconds to reach their final angles.

Note: the semicolon between the 2 expressions above is used so that they are executed one after the other
when you press enter at the REPL prompt. In a script you don’t need to do this, you can just write them
one line after the other.

Continuous rotation servos

So far we have been using standard servos that move to a specific angle and stay at that angle. These
servo motors are useful to create joints of a robot, or things like pan-tilt mechanisms. Internally, the motor
has a variable resistor (potentiometer) which measures the current angle and applies power to the motor
proportional to how far it is from the desired angle. The desired angle is set by the width of a high-pulse on
the servo signal wire. A pulse width of 1500 microsecond corresponds to the centre position (0 degrees). The
pulses are sent at 50 Hz, ie 50 pulses per second.

You can also get continuous rotation servo motors which turn continuously clockwise or counterclockwise.
The direction and speed of rotation is set by the pulse width on the signal wire. A pulse width of 1500
microseconds corresponds to a stopped motor. A pulse width smaller or larger than this means rotate one
way or the other, at a given speed.
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On the pyboard, the servo object for a continuous rotation motor is the same as before. In fact, using angle
you can set the speed. But to make it easier to understand what is intended, there is another method called
speed which sets the speed:

>>> servol.speed(30)

speed has the same functionality as angle: you can get the speed, set it, and set it with a time to reach the
final speed.

>>> servol.speed()

30

>>> servol.speed(-20)

>>> servol.speed(0, 2000)

The final command above will set the motor to stop, but take 2 seconds to do it. This is essentially a control
over the acceleration of the continuous servo.

A servo speed of 100 (or -100) is considered maximum speed, but actually you can go a bit faster than that,
depending on the particular motor.

The only difference between the angle and speed methods (apart from the name) is the way the input
numbers (angle or speed) are converted to a pulse width.

Calibration

The conversion from angle or speed to pulse width is done by the servo object using its calibration values.
To get the current calibration, use

>>> servol.calibration()
(640, 2420, 1500, 2470, 2200)

There are 5 numbers here, which have meaning;:
1. Minimum pulse width; the smallest pulse width that the servo accepts.
2. Maximum pulse width; the largest pulse width that the servo accepts.
3. Centre pulse width; the pulse width that puts the servo at 0 degrees or 0 speed.
4

. The pulse width corresponding to 90 degrees. This sets the conversion in the method angle of angle
to pulse width.

5. The pulse width corresponding to a speed of 100. This sets the conversion in the method speed of
speed to pulse width.

You can recalibrate the servo (change its default values) by using:

>>> servol.calibration(700, 2400, 1510, 2500, 2000)

Of course, you would change the above values to suit your particular servo motor.

Fading LEDs

In addition to turning LEDs on and off, it is also possible to control the brightness of an LED using Pulse-
Width Modulation (PWM), a common technique for obtaining variable output from a digital pin. This allows
us to fade an LED:
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Components

You will need:
e Standard 5 or 3 mm LED
e 100 Ohm resistor
o Wires

e Breadboard (optional, but makes things easier)

Connecting Things Up

For this tutorial, we will use the X1 pin. Connect one end of the resistor to X1, and the other end to the
anode of the LED, which is the longer leg. Connect the cathode of the LED to ground.
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Ground

Code

By examining the Kpamxoe onucarnue murxpoxonmponanrepa pyboard, we see that X1 is connected to channel 1
of timer 5 (TIM5 CH1). Therefore we will first create a Timer object for timer 5, then create a TimerChannel
object for channel 1:

from pyb import Timer
from time import sleep

# timer 5 will be created with a frequency of 100 Hz
tim = pyb.Timer(5, freq=100)
tchannel = tim.channel(l, Timer.PWM, pin=pyb.Pin.board.X1, pulse_width=0)
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Brightness of the LED in PWM is controlled by controlling the pulse-width, that is the amount of time the
LED is on every cycle. With a timer frequency of 100 Hz, each cycle takes 0.01 second, or 10 ms.

To achieve the fading effect shown at the beginning of this tutorial, we want to set the pulse-width to a
small value, then slowly increase the pulse-width to brighten the LED, and start over when we reach some
maximum brightness:

# mazimum and minimum pulse-width, which corresponds to mazimum
# and minimum brightness

max_width = 200000

min_width = 20000

# how much to change the pulse-width by each step
wstep = 1500
cur_width = min_width

while True:
tchannel .pulse_width(cur_width)

# this determines how often we change the pulse-width. It ts
# analogous to frames-per-second
sleep(0.01)

cur_width += wstep

if cur_width > max_width:
cur_width = min_width

Breathing Effect

If we want to have a breathing effect, where the LED fades from dim to bright then bright to dim, then
we simply need to reverse the sign of wstep when we reach maximum brightness, and reverse it again at
minimum brightness. To do this we modify the while loop to be:

while True:
tchannel.pulse_width(cur_width)

sleep(0.01)
cur_width += wstep

if cur_width > max_width:
cur_width = max_width
wstep *= -1

elif cur_width < min_width:
cur_width = min_width
wstep *= -1

Advanced Exercise

You may have noticed that the LED brightness seems to fade slowly, but increases quickly. This is because
our eyes interprets brightness logarithmically (Weber’s Law ), while the LED’s brightness changes linearly,
that is by the same amount each time. How do you solve this problem? (Hint: what is the opposite of the
logarithmic function?)
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Addendum
We could have also used the digital-to-analog converter (DAC) to achieve the same effect. The PWM method
has the advantage that it drives the LED with the same current each time, but for different lengths of time.

This allows better control over the brightness, because LEDs do not necessarily exhibit a linear relationship
between the driving current and brightness.

The LCD and touch-sensor skin

Soldering and using the LCD and touch-sensor skin.
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The following video shows how to solder the headers onto the LCD skin. At the end of the video, it shows
you how to correctly connect the LCD skin to the pyboard.

Using the LCD

To get started using the LCD, try the following at the Micro Python prompt. Make sure the LCD skin is
attached to the pyboard as pictured at the top of this page.

>>> import pyb

>>> led = pyb.LCD('X')

>>> lcd.light (True)

>>> lecd.write('Hello uPy!\n')
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You can make a simple animation using the code:

import pyb

lcd = pyb.LCD('X")

lcd.light (True)

for x in range(-80, 128):
1cd.£i11(0)
lcd.text('Hello uPy!', x, 10, 1)
lcd.show()
pyb.delay(25)

Using the touch sensor

To read the touch-sensor data you need to use the I2C bus. The MPR121 capacitive touch sensor has address
90.

To get started, try:

>>> import pyb

>>> i2¢ = pyb.I2C(1, pyb.I2C.MASTER)
>>> ji2c.mem_write(4, 90, 0x5e)

>>> touch = i2c.mem_read(1, 90, 0)[0]

The first line above makes an 12C object, and the second line enables the 4 touch sensors. The third line
reads the touch status and the touch variable holds the state of the 4 touch buttons (A, B, X, Y).

There is a simple driver here which allows you to set the threshold and debounce parameters, and easily
read the touch status and electrode voltage levels. Copy this script to your pyboard (either flash or SD card,
in the top directory or 1ib/ directory) and then try:

>>> import pyb
>>> import mpri21
>>> m = mpri121.MPR121(pyb.I2C(1, pyb.I2C.MASTER))
>>> for i in range(100):
print (m.touch_status())
pyb.delay(100)

This will continuously print out the touch status of all electrodes. Try touching each one in turn.

Note that if you put the LCD skin in the Y-position, then you need to initialise the I2C bus using:

>>> m = mpr121.MPR121(pyb.I2C(2, pyb.I2C.MASTER))

There is also a demo which uses the LCD and the touch sensors together, and can be found here.

The AMP audio skin

Soldering and using the AMP audio skin.
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The following video shows how to solder the headers, microphone and speaker onto the AMP skin.

Example code

The AMP skin has a speaker which is connected to DAC(1) via a small power amplifier. The volume of the
amplifier is controlled by a digital potentiometer, which is an I12C device with address 46 on the IC2(1) bus.

To set the volume, define the following function:

import pyb
def volume(val):
pyb.I2C(1, pyb.I2C.MASTER) .mem_write(val, 46, 0)

Then you can do:

>>> volume (0) # minimum volume
>>> volume (127) # mazimum wvolume

To play a sound, use the write_timed method of the DAC object. For example:

import math
from pyb import DAC

# create a buffer containing a sine-wave
buf = bytearray(100)
for i in range(len(buf)):
buf [i] = 128 + int(127 * math.sin(2 * math.pi * i / len(buf)))

# output the sine-wave at 400Hz
dac = DAC(1)
dac.write_timed(buf, 400 * len(buf), mode=DAC.CIRCULAR)

You can also play WAV files using the Python wave module. You can get the wave module here and you will
also need the chunk module available here. Put these on your pyboard (either on the flash or the SD card in
the top-level directory). You will need an 8-bit WAV file to play, such as this one. Then you can do:
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>>> import wave

>>> from pyb import DAC

>>> dac = DAC(1)

>>> f = wave.open('test.wav')

>>> dac.write_timed(f.readframes(f.getnframes()), f.getframerate())

This should play the WAV file.

CoBeTbl, bUWIKK 1 NONE3Hble LWTYKN, KOTOPble CTOUT 3HaTb

Debouncing a pin input

A pin used as input from a switch or other mechanical device can have a lot of noise on it, rapidly changing
from low to high when the switch is first pressed or released. This noise can be eliminated using a capacitor
(a debouncing circuit). It can also be eliminated using a simple function that makes sure the value on the

pin is stable.

The following function does just this. It gets the current value of the given pin, and then waits for the value
to change. The new pin value must be stable for a continuous 20ms for it to register the change. You can

adjust this time (to say 50ms) if you still have noise.

import pyb

def wait_pin_change (pin):
# wait for pin to change value
# it needs to be stable for a continuous 20ms
cur_value = pin.value()
active = 0
while active < 20:
if pin.value() != cur_value:
active += 1
else:
active = 0
pyb.delay (1)

Use it something like this:

import pyb

pin_x1 = pyb.Pin('X1', pyb.Pin.IN, pyb.Pin.PULL_DOWN)
while True:

wait_pin_change(pin_x1)

pyb.LED(4) . toggle()

Making a UART - USB pass through

It’s as simple as:

import pyb
import select

def pass_through(usb, uart):
while True:

3.13. Cosertbl, (hMWKN 1 NONE3HbIE WUITYKW, KOTOPbIE CTOMT 3HATb
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select.select([usb, uart], [1, [1)

if usb.any():
uart.write(usb.read(256))

if uvart.any(Q):
usb.write(uart.read(256))

pass_through (pyb.USB_VCP(), pyb.UART(1, 9600))
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cmath — mathematical functions for complex numbers

The cmath module provides some basic mathematical funtions for working with complex numbers.

Functions
cmath.cos(z)
Return the cosine of z.

cmath.exp(2)
Return the exponential of z.

cmath.log(z)
Return the natural logarithm of z. The branch cut is along the negative real axis.

cmath.logl0(z)
Return the base-10 logarithm of z. The branch cut is along the negative real axis.

cmath.phase(z)
Returns the phase of the number z, in the range (-pi, +pi].

cmath.polar(z)
Returns, as a tuple, the polar form of z.

cmath.rect (r, phi)
Returns the complex number with modulus r and phase phi.
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cmath.sin(z)
Return the sine of z.

cmath.sqrt(z)
Return the square-root of z.

Constants

cmath.e
base of the natural logarithm

cmath.pi
the ratio of a circle’s circumference to its diameter

gc — control the garbage collector

Functions

gc.enable()
Enable automatic garbage collection.

gc.disable()

Disable automatic garbage collection. Heap memory can still be allocated, and garbage collection can

still be initiated manually using gc.collect().

gc.collect ()
Run a garbage collection.

gc.mem_alloc()
Return the number of bytes of heap RAM that are allocated.

gc.mem_free()
Return the number of bytes of available heap RAM.

math — mathematical functions

The math module provides some basic mathematical funtions for working with floating-point numbers.

Note: On the pyboard, floating-point numbers have 32-bit precision.

Functions
math.acos(z)
Return the inverse cosine of x.

math.acosh(z)
Return the inverse hyperbolic cosine of x.

math.asin(z)
Return the inverse sine of x.

math.asinh(z)
Return the inverse hyperbolic sine of x.

math.atan(z)
Return the inverse tangent of x.
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atan2(y, z)
Return the principal value of the inverse tangent of y/x.

atanh(x)
Return the inverse hyperbolic tangent of x.

ceil(z)
Return an integer, being x rounded towards positive infinity.

copysign(z, y)
Return x with the sign of y.

cos(xz)
Return the cosine of x.

cosh(z)
Return the hyperbolic cosine of x.

degrees(z)
Return radians x converted to degrees.

erf(z)
Return the error function of x.

erfc(z)
Return the complementary error function of x.

exp(z)
Return the exponential of x.

expml (z)
Return exp(x) - 1.

fabs(zx)
Return the absolute value of x.

floor(x)
Return an integer, being x rounded towards negative infinity.

fmod (x, y)
Return the remainder of x/y.

frexp(x)
Converts a floating-point number to fractional and integral components.

gamma (z)
Return the gamma function of x.

isfinite(z)
Return True if x is finite.

isinf (z)
Return True if x is infinite.

isnan(z)
Return True if x is not-a-number

ldexp(z, exp)
Return x * (2**exp).

lgamma (x)
Return the natural logarithm of the gamma function of x.

4.1.

CrangaprtHblie bubnvortekn Python
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math.log(z)
Return the natural logarithm of x.

math.logl0(xz)
Return the base-10 logarithm of x.

math.log2(z)
Return the base-2 logarithm of x.

math.modf (z)
Return a tuple of two floats, being the fractional and integral parts of x. Both return values have the
same sign as x.

math.pow(z, y)
Returns x to the power of y.

math.radians(z)
Return degrees x converted to radians.

math.sin(z)
Return the sine of x.

math.sinh(x)
Return the hyperbolic sine of x.

math.sqrt(z)
Return the square root of x.

math.tan(x)
Return the tangent of x.

math.tanh(z)
Return the hyperbolic tangent of x.

math.trunc(z)
Return an integer, being x rounded towards 0.

Constants

math.e
base of the natural logarithm

math.pi
the ratio of a circle’s circumference to its diameter

os — basic “operating system” services

The os module contains functions for filesystem access and urandom.

Pyboard specifics
The filesystem on the pyboard has / as the root directory and the available physical drives are accessible
from here. They are currently:

/flash — the internal flash filesystem

/sd — the SD card (if it exists)

On boot up, the current directory is /flash if no SD card is inserted, otherwise it is /sd.
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Functions
os.chdir (path)
Change current directory.

os.getcwd ()
Get the current directory.

os.1listdir(|dir|)
With no argument, list the current directory. Otherwise list the given directory.

os.mkdir (path)
Create a new directory.

os.remove (path)
Remove a file.

os.rmdir (path)
Remove a directory.

os.stat (path)
Get the status of a file or directory.

os.sync()
Sync all filesystems.

os.urandom(n)
Return a bytes object with n random bytes, generated by the hardware random number generator.

Constants

os.sep
separation character used in paths

select — Provides select function to wait for events on a stream

This module provides the select function.

Pyboard specifics

Polling is an efficient way of waiting for read /write activity on multiple objects. Current objects that support
polling are: pyb. UART, pyb.USB_VCP.

Functions
select.poll()
Create an instance of the Poll class.

select.select (rlist, wlist, :L'list[, timeout])
Wait for activity on a set of objects.

4.1. CraunpaprtHbie 6ubnnorekn Python 41



Micro Python Documentation, Beinyck 1.3.6

class Poll

Methods

poll.register(obj [, eventmask])
Register obj for polling. eventmask is 1 for read, 2 for write, 3 for read-write.

poll.unregister (obj)
Unregister obj from polling.

poll.modify (obj, eventmask)
Modify the eventmask for obj.

poll.poll( [timeout ] )
Wait for one of the registered objects to become ready.

Timeout is in milliseconds.

struct — pack and unpack primitive data types

See Python struct for more information.

Functions
struct.calcsize (fmt)
Return the number of bytes needed to store the given fmt.

struct.pack(fmt, vi, v2, ...)
Pack the values v1, v2, ... according to the format string fmt. The return value is a bytes object
encoding the values.

struct.unpack(fmt, data)
Unpack from the data according to the format string fmt. The return value is a tuple of the unpacked
values.

sys — system specific functions

Functions

sys.exit( [retval ] )
Raise a SystemExit exception. If an argument is given, it is the value given to SystemExit.

Constants
Sys.argv
a mutable list of arguments this program started with

sys.byteorder
the byte order of the system (“little” or “big”)

sys.path
a mutable list of directories to search for imported modules
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sys.platform
the platform that Micro Python is running on

sys.stderr
standard error (connected to USB VCP, and optional UART object)

sys.stdin
standard input (connected to USB VCP, and optional UART object)

sys.stdout
standard output (connected to USB VCP, and optional UART object)

sys.version
Python language version that this implementation conforms to, as a string

sys.version_info
Python language version that this implementation conforms to, as a tuple of ints

time — time related functions

The time module provides functions for getting the current time and date, and for sleeping.

Functions

time.localtime([secs])
Convert a time expressed in seconds since Jan 1, 2000 into an 8-tuple which contains: (year, month,
mday, hour, minute, second, weekday, yearday) If secs is not provided or None, then the current time
from the RTC is used. year includes the century (for example 2014).

emonth is 1-12

emday is 1-31

ehour is 0-23

eminute is 0-59

esecond is 0-59

eweekday is 0-6 for Mon-Sun
eyearday is 1-366

time.mktime ()
This is inverse function of localtime. It’s argument is a full 8-tuple which expresses a time as per
localtime. It returns an integer which is the number of seconds since Jan 1, 2000.

time.sleep (seconds)
Sleep for the given number of seconds. Seconds can be a floating-point number to sleep for a fractional
number of seconds.

time.time ()
Returns the number of seconds, as an integer, since 1/1/2000.

Mukpo-6ubnmnortekn Python

Caenyromue crangapTHbie 6ubnoreku Python 6puin HeMHONO MOAMMUITUPOBAHBI JjIsi COOTBETCTBUS (DUIIO-
cocdpun Micro Python. Onu coxpanniu 6a30By0 (pyHKITMOHATEHOCTD.
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Takne 6ub/IMOTEKN MMEIOT B UMEHHU MPUCTABKY U U caMO Ha3BaHue 6e3 mpuctaBku. Haspanme moxkeT OBITH
U3MEHEHO C MOMOINbIo daiiia, uMs KOTOPOro B BallleM IIyTH K makery. Hampumep, import.json Oyuer B
HIEPBYIO OYepPe/Ib NCKATh (haill json.py UK MAIKy jSOn U 3arpy3uT 3TOT MakeT, ecan Haiinér. OHako, ecin
HAYEro He HAEHET - Oy/IeT 3arpyKeH BCTPOEHHBIN MOIY/Ih Wjson.

usocket — socket module

Socket functionality.

Functions

usocket.getaddrinfo (host, port)

usocket.socket (family=AF INET, type=SOCK STREAM, fileno=-1)
Create a socket.

uheapq — heap queue algorithm

This module implements the heap queue algorithm.

A heap queue is simply a list that has its elements stored in a certain way.
Functions

uheapq . heappush (heap, item)
Push the item onto the heap.

uheapq.heappop (heap)
Pop the first item froh the heap, and return it. Raises IndexError if heap is empty.

uheapq.heapify(x)
Convert the list x into a heap. This is an in-place operation.

ujson — JSON encoding and decoding

This modules allows to convert between Python objects and the JSON data format.

Functions

ujson.dumps (0bj)
Return obj represented as a JSON string.

ujson.loads (str)
Parse the JSON str and return an object. Raises ValueError if the string is not correctly formed.

CneuyunanbHble bubnuotekn ana pyboard

Creytorue OGUOIMOTEKH SIBJISIIOTCs crieruduaeckuMu jijist pyboard:
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pyb — functions related to the pyboard

The pyb module contains specific functions related to the pyboard.

Time related functions
pyb.delay(ms)
Delay for the given number of milliseconds.

pyb.udelay(us)
Delay for the given number of microseconds.

pyb.millis ()
Returns the number of milliseconds since the board was last reset.

The result is always a micropython smallint (31-bit signed number), so after 2~30 milliseconds (about
12.4 days) this will start to return negative numbers.

pyb.micros()
Returns the number of microseconds since the board was last reset.

The result is always a micropython smallint (31-bit signed number), so after 2~30 microseconds (about
17.8 minutes) this will start to return negative numbers.

pyb.elapsed_millis(start)
Returns the number of milliseconds which have elapsed since start.

This function takes care of counter wrap, and always returns a positive number. This means it can be
used to measure periods upto about 12.4 days.

Example:

start = pyb.millis()
while pyb.elapsed_millis(start) < 1000:
# Perform some operation

pyb.elapsed_micros(start)
Returns the number of microseconds which have elapsed since start.

This function takes care of counter wrap, and always returns a positive number. This means it can be
used to measure periods upto about 17.8 minutes.

Example:

start = pyb.micros()

while pyb.elapsed_micros(start) < 1000:
# Perform some operation
pass

Reset related functions
pyb.hard_reset ()
Resets the pyboard in a manner similar to pushing the external RESET button.

pyb.bootloader ()
Activate the bootloader without BOOT* pins.
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Interrupt related functions

pyb.disable_irq()
Disable interrupt requests. Returns the previous IRQ state: False/True for disabled/enabled IRQs
respectively. This return value can be passed to enable irq to restore the IRQ to its original state.

pyb.enable_irq(state=True)
Enable interrupt requests. If state is True (the default value) then TRQs are enabled. If state is
False then IRQs are disabled. The most common use of this function is to pass it the value returned
by disable_irq to exit a critical section.

Power related functions

pyb.freq( [sys_freq ])
If given no arguments, returns a tuple of clock frequencies: (SYSCLK, HCLK, PCLK1, PCLK2).

If given an argument, sets the system frequency to that value in Hz. Eg freq(120000000) gives 120MHz.
Note that not all values are supported and the largest supported frequency not greater than the given
sys_freq will be selected.

Supported frequencies are (in MHz): 8, 16, 24, 30, 32, 36, 40, 42, 48, 54, 56, 60, 64, 72, 84, 96, 108,
120, 144, 168.
8MHz uses the HSE (external crystal) directly and 16MHz uses the HSI (internal oscillator) directly.

The higher frequencies use the HSE to drive the PLL (phase locked loop), and then use the output of
the PLL.

Note that if you change the frequency while the USB is enabled then the USB may become unreliable.
It is best to change the frequency in boot.py, before the USB peripheral is started. Also note that
frequencies below 36MHz do not allow the USB to function correctly.

pyb.wfi()
Wait for an interrupt. This executies a wfi instruction which reduces power consumption of the MCU
until an interrupt occurs, at which point execution continues.

pyb.standby ()
pyb.stop()

Miscellaneous functions

pyb.have_cdc()
Return True if USB is connected as a serial device, False otherwise.

pyb.hid((buttons, z, y, z))
Takes a 4-tuple (or list) and sends it to the USB host (the PC) to signal a HID mouse-motion event.

pyb.info( [dump_ alloc_ table ] )
Print out lots of information about the board.

pyb.repl_uart (uart)
Get or set the UART object that the REPL is repeated on.

pyb.rng()
Return a 30-bit hardware generated random number.

pyb.sync()
Sync all file systems.
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pyb.unique_id ()
Returns a string of 12 bytes (96 bits), which is the unique ID for the MCU.

Classes

class Accel — accelerometer control

Accel is an object that controls the accelerometer. Example usage:

accel = pyb.Accel()
for i in range(10):
print(accel.x(), accel.y(), accel.z())

Raw values are between -32 and 31.

Constructors

class pyb.Accel
Create and return an accelerometer object.

Note: if you read accelerometer values immediately after creating this object you will get 0. It takes
around 20ms for the first sample to be ready, so, unless you have some other code between creating
this object and reading its values, you should put a pyb.delay(20) after creating it. For example:

accel = pyb.Accel()
pyb.delay(20)
print(accel.x())

Methods

accel.filtered_xyz()
Get a 3-tuple of filtered x, y and z values.

accel.tilt()
Get the tilt register.

accel.x()
Get the x-axis value.

accel.y()
Get the y-axis value.

accel.z()
Get the z-axis value.

class ADC — analog to digital conversion: read analog values on a pin

Usage:

import pyb

adc = pyb.ADC(pin) # create an analog object from a pin
val = adc.read() # read an analog value
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adc = pyb.ADCAll(resolution) # creale an ADCALL object
val = adc.read_channel(channel) # read the given channel
val = adc.read_core_temp() # read MCU temperature
val = adc.read_core_vbat() # read MCU VBAT

val = adc.read_core_vref() # read MCU VREF

Constructors

class pyb.ADC(pin)
Create an ADC object associated with the given pin. This allows you to then read analog values on
that pin.

Methods

adc.read()
Read the value on the analog pin and return it. The returned value will be between 0 and 4095.

adc.read_timed (buf, freq)
Read analog values into the given buffer at the given frequency. Buffer can be bytearray or array.array
for example. If a buffer with 8-bit elements is used, sample resolution will be reduced to 8 bits.

Example:

adc = pyb.ADC(pyb.Pin.board.X19) # create an ADC on pin X19
buf = bytearray(100) # create a buffer of 100 bytes
adc.read_timed(buf, 10) # read analog values into buf at 10Hz
# thts will take 10 seconds to finish
# loop over all walues
# print the value out

for val in buf:
print(val)

This function does not allocate any memory.

class CAN — controller area network communication bus

CAN implements the standard CAN communications protocol. At the physical level it consists of 2 lines:
RX and TX. Note that to connect the pyboard to a CAN bus you must use a CAN transceiver to convert
the CAN logic signals from the pyboard to the correct voltage levels on the bus.

Note that this driver does not yet support filter configuration (it defaults to a single filter that lets through
all messages), or bus timing configuration (except for setting the prescaler).

Example usage (works without anything connected):

from pyb import CAN

can = pyb.CAN(1, pyb.CAN.LOOPBACK)

can.send('message!', 123)  # send message to id 123
can.recv(0) # receive message on FIF0 0
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Constructors

class pyb.CAN (bus, ...)
Construct a CAN object on the given bus. bus can be 1-2, or ‘YA’ or ‘YB’. With no additional
parameters, the CAN object is created but not initialised (it has the settings from the last initialisation
of the bus, if any). If extra arguments are given, the bus is initialised. See init for parameters of
initialisation.
The physical pins of the CAN busses are:
oCAN(1) is on YA: (RX, TX)

(Y3, Y4)

(PB8, PB9)

eCAN(2) is on YB: (RX, TX) = (Y5, Y6) = (PB12, PB13)

Methods

can.init (mode, extframe=False, prescaler=100, *, sjw=1, bs1=6, bs2=8)
Initialise the CAN bus with the given parameters:

emode is one of: NORMAL, LOOPBACK, SILENT, SILENT LOOPBACK

If extframe is True then the bus uses extended identifiers in the frames (29 bits). Otherwise it uses
standard 11 bit identifiers.

can.deinit ()

Turn off the CAN bus.

can.any (fifo)
Return True if any message waiting on the FIFO, else False.

can.recv (fifo, * timeout=5000)
Receive data on the bus:

efifo is an integer, which is the FIFO to receive on
etimeout is the timeout in milliseconds to wait for the receive.
Return value: buffer of data bytes.

can.send(send, addr, *, timeout=5000)
Send a message on the bus:

esend is the data to send (an integer to send, or a buffer object).
eaddr is the address to send to
etimeout is the timeout in milliseconds to wait for the send.

Return value: None.

Constants

CAN.NORMAL
CAN.LOOPBACK
CAN.SILENT

CAN.SILENT_LOOPBACK
the mode of the CAN bus
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class DAC - digital to analog conversion

The DAC is used to output analog values (a specific voltage) on pin X5 or pin X6. The voltage will be
between 0 and 3.3V.

This module will undergo changes to the API.

Example usage:

from pyb import DAC

dac = DAC(1) # create DAC 1 on pin X5
dac.write(128) # write a value to the DAC (makes X5 1.65V)

To output a continuous sine-wave:

import math
from pyb import DAC

# create a buffer containing a sine-wave
buf = bytearray(100)
for i in range(len(buf)):
buf [i] = 128 + int (127 \* math.sin(2 \* math.pi \* i / len(buf)))

# output the sine-wave at 400Hz
dac = DAC(1)
dac.write_timed(buf, 400 \* len(buf), mode=DAC.CIRCULAR)

Constructors

class pyb.DAC (port)
Construct a new DAC object.

port can be a pin object, or an integer (1 or 2). DAC(1) is on pin X5 and DAC(2) is on pin X6.

Methods

dac.noise(freq)
Generate a pseudo-random noise signal. A new random sample is written to the DAC output at the
given frequency.

dac.triangle(freq)
Generate a triangle wave. The value on the DAC output changes at the given frequency, and the
frequence of the repeating triangle wave itself is 256 (or 1024, need to check) times smaller.

dac.write(value)
Direct access to the DAC output (8 bit only at the moment).

dac.write_timed(data, freq, *, mode=DAC.NORMAL)
Initiates a burst of RAM to DAC using a DMA transfer. The input data is treated as an array of bytes
(8 bit data).

mode can be DAC.NORMAL or DAC.CIRCULAR.

TIMS6 is used to control the frequency of the transfer.

50 Fnaea 4. Bubauorekn Micro Python




Micro Python Documentation, Beinyck 1.3.6

class ExtInt — configure 1/0 pins to interrupt on external events

There are a total of 22 interrupt lines. 16 of these can come from GPIO pins and the remaining 6 are from
internal sources.

For lines 0 thru 15, a given line can map to the corresponding line from an arbitrary port. So line 0 can map
to Px0 where x is A, B, C, ... and line 1 can map to Px1 where x is A, B, C, ...

def callback(line):
print("line =", line)

Note: ExtInt will automatically configure the gpio line as an input.

extint = pyb.ExtInt(pin, pyb.ExtInt.IRQ_FALLING, pyb.Pin.PULL_UP, callback)

Now every time a falling edge is seen on the X1 pin, the callback will be called. Caution: mechanical
pushbuttons have “bounce” and pushing or releasing a switch will often generate multiple edges. See: http:

www.eng.utah.edu/~csb780/debouncing.pdf for a detailed explanation, along with various techniques for
debouncing.

Trying to register 2 callbacks onto the same pin will throw an exception.

If pin is passed as an integer, then it is assumed to map to one of the internal interrupt sources, and must
be in the range 16 thru 22.

All other pin objects go through the pin mapper to come up with one of the gpio pins.

extint = pyb.ExtInt(pin, mode, pull, callback)

Valid modes are pyb.ExtInt.IRQ_RISING, pyb.ExtInt.IRQ FALLING,
pyb.ExtInt.JRQ RISING FALLING, pyb.ExtInt.EVT RISING, pyb.Extlnt.EVT FALLING, and
pyb.ExtInt. EVT RISING FALLING.

Only the IRQ_xxx modes have been tested. The EVT xxx modes have something to do with sleep mode
and the WFE instruction.

Valid pull values are pyb.Pin.PULL _UP, pyb.Pin.PULL DOWN, pyb.Pin.PULL NONE.

There is also a C API, so that drivers which require EXTI interrupt lines can also use this code. See extint.h
for the available functions and usrsw.h for an example of using this.

Constructors

class pyb.ExtInt (pin, mode, pull, callback)
Create an ExtInt object:

epin is the pin on which to enable the interrupt (can be a pin object or any valid pin name).

emode can be one of: - ExtInt.IRQ_RISING - trigger on a rising edge; - ExtInt.IRQ_FALLING -
trigger on a falling edge; - ExtInt.IRQ_RISING_FALLING - trigger on a rising or falling edge.

epull can be one of: - pyb.Pin.PULL_NONE - no pull up or down resistors; - pyb.Pin.PULL_UP -
enable the pull-up resistor; - pyb.Pin.PULL_DOWN - enable the pull-down resistor.

ecallback is the function to call when the interrupt triggers. The callback function must accept
exactly 1 argument, which is the line that triggered the interrupt.
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Class methods

ExtInt.regs()
Dump the values of the EXTI registers.

Methods

extint.disable()

Disable the interrupt associated with the ExtInt object. This could be useful for debouncing.

extint.enable()
Enable a disabled interrupt.

extint.line()
Return the line number that the pin is mapped to.

extint.swint ()
Trigger the callback from software.

Constants

ExtInt.IRQ_FALLING
interrupt on a falling edge

ExtInt.IRQ_RISING
interrupt on a rising edge

ExtInt.IRQ_RISING_FALLING
interrupt on a rising or falling edge

class 12C — a two-wire serial protocol

12C is a two-wire protocol for communicating between devices. At the physical level it consists of 2 wires:

SCL and SDA, the clock and data lines respectively.

12C objects are created attached to a specific bus. They can be initialised when created, or initialised later

on:

from pyb import I2C

i2¢ = I2C(1)

i2¢ = I2C(1, I2C.MASTER)

i2c.init (I2C.MASTER, baudrate=20000)
i2¢.init(I2C.SLAVE, addr=0x42)
i2c.deinit ()

create on bus 1

init as a master

HOR R R W

turn off the peripheral

create and init as a master

init as a slave with given address

Printing the i2c object gives you information about its configuration.

Basic methods for slave are send and recv:

i2c.send('abc') # send 3 bytes
i2c.send(0x42) # send a single byte, given by the number
data = i2c.recv(3)  # receive 3 bytes

To receive inplace, first create a bytearray:
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data = bytearray(3) # create a buffer
i2c.recv(data) # receive 3 bytes, writing them into data

You can specify a timeout (in ms):

i2c.send(b'123"', timeout=2000) # timout after 2 seconds

A master must specify the recipient’s address:

i2c.init (I2C.MASTER)
i2c.send('123', 0x42) # send 3 bytes to slave with address 0z42
i2c.send(b'456', addr=0x42) # keyword for address

Master also has other methods:

i2c.is_ready(0x42)
i2¢c.scan()

# check if slave 0z42 1s ready

# scan for slaves on the bus, returning

# a list of valid addresses
i2c.mem_read(3, 0x42, 2) # read 3 bytes from memory of slave 0z42,
# starting at address 2 in the slave

i2c.mem_write('abc', 0x42, 2, timeout=1000)

Constructors

class pyb.I2C(bus, ...)
Construct an I2C object on the given bus. bus can be 1 or 2. With no additional parameters, the 12C
object is created but not initialised (it has the settings from the last initialisation of the bus, if any).
If extra arguments are given, the bus is initialised. See init for parameters of initialisation.

The physical pins of the 12C busses are:
eI2C(1) is on the X position: (SCL, SDA)

(X9, X10)

(PB6, PBT7)
eI12C(2) is on the Y position: (SCL, SDA)

(Y9, Y10) = (PB10, PB11)

Methods

i2c.deinit ()
Turn off the I12C bus.

i2c.init (mode, *, addr=0x12, baudrate=400000, gencall=False)
Initialise the I2C bus with the given parameters:

emode must be either I2C.MASTER or I2C.SLAVE

eaddr is the 7-bit address (only sensible for a slave)
ebaudrate is the SCL clock rate (only sensible for a master)
egencall is whether to support general call mode

i2c.is_ready(addr)
Check if an 12C device responds to the given address. Only valid when in master mode.

i2c.mem_read (data, addr, memaddr, timeout=5000, addr _size=8)
Read from the memory of an 12C device:

edata can be an integer or a buffer to read into
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eaddr is the 12C device address
ememaddr is the memory location within the I2C device
etimeout is the timeout in milliseconds to wait for the read
eaddr_size selects width of memaddr: 8 or 16 bits

Returns the read data. This is only valid in master mode.

i2c.mem_write (data, addr, memaddr, timeout=5000, addr_size=8)
Write to the memory of an 12C device:

edata can be an integer or a buffer to write from
eaddr is the 12C device address
ememaddr is the memory location within the I2C device
etimeout is the timeout in milliseconds to wait for the write
eaddr_size selects width of memaddr: 8 or 16 bits

Returns None. This is only valid in master mode.

i2c.recv(recv, addr=0x00, timeout=5000)
Receive data on the bus:

erecv can be an integer, which is the number of bytes to receive, or a mutable buffer, which will
be filled with received bytes

eaddr is the address to receive from (only required in master mode)
etimeout is the timeout in milliseconds to wait for the receive

Return value: if recv is an integer then a new buffer of the bytes received, otherwise the same buffer
that was passed in to recv.

i2c.scan()
Scan all 12C addresses from 0x01 to 0x7f and return a list of those that respond. Only valid when in
master mode.

i2c.send(send, addr=0z00, timeout=5000)
Send data on the bus:

esend is the data to send (an integer to send, or a buffer object)
eaddr is the address to send to (only required in master mode)
etimeout is the timeout in milliseconds to wait for the send

Return value: None.

Constants

I2C.MASTER
for initialising the bus to master mode

I2C.SLAVE
for initialising the bus to slave mode
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class LCD — LCD control for the LCD touch-sensor pyskin

The LCD class is used to control the LCD on the LCD touch-sensor pyskin, LCD32MKv1.0. The LCD is a
128x32 pixel monochrome screen, part NHD-C12832A1Z.

The pyskin must be connected in either the X or Y positions, and then an LCD object is made using:

lcd
lcd

pyb.LCD('X") # 1f pyskin ts in the X postition
pyb.LCD('Y") # i1f pyskin ts in the Y posttion

Then you can use:

lcd.light(True) # turn the backlight on
lcd.write('Hello world!\n') # print text to the screen

This driver implements a double buffer for setting/getting pixels. For example, to make a bouncing dot, try:

X =y =
dx = dy =1
while True:
# update the dot's position
X += dx

y +=dy

I o

# make the dot bounce of the edges of the screen
if x <= 0 or x >= 127: dx = -dx
if y <= 0 or y >= 31: dy = -dy

1cd.£i11(0) # clear the buffer

lcd.pixel(x, y, 1) # draw the dot

lcd.show() # show the buffer

pyb.delay(50) # pause for 50ms
Constructors

class pyb.LCD(skin_ position)
Construct an LCD object in the given skin position. skin_position can be ‘X’ or ‘Y’, and should
match the position where the LCD pyskin is plugged in.

Methods

lcd.command (instr_ data, buf)
Send an arbitrary command to the LCD. Pass 0 for instr_data to send an instruction, otherwise pass
1 to send data. buf is a buffer with the instructions/data to send.

lcd.contrast (value)
Set the contrast of the LCD. Valid values are between 0 and 47.

lcd.£ill(colour)
Fill the screen with the given colour (0 or 1 for white or black).

This method writes to the hidden buffer. Use show() to show the buffer.

lcd.get(z, y)
Get the pixel at the position (x, y). Returns 0 or 1.

This method reads from the visible buffer.
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lcd.light (value)
Turn the backlight on/off. True or 1 turns it on, False or 0 turns it off.

lcd.pixel(z, y, colour)
Set the pixel at (x, y) to the given colour (0 or 1).

This method writes to the hidden buffer. Use show() to show the buffer.

lcd.show()
Show the hidden buffer on the screen.

lcd.text (str, x, y, colour)
Draw the given text to the position (x, y) using the given colour (0 or 1).

This method writes to the hidden buffer. Use show() to show the buffer.

lcd.write(str)
Write the string str to the screen. It will appear immediately.

class LED — LED object

The LED object controls an individual LED (Light Emitting Diode).

Constructors

class pyb.LED(id)
Create an LED object associated with the given LED:

eid is the LED number, 1-4.
Methods

led.intensity([value])
Get or set the LED intensity. Intensity ranges between 0 (off) and 255 (full on). If no argument is
given, return the LED intensity. If an argument is given, set the LED intensity and return None.

led.off ()
Turn the LED off.

led.on()
Turn the LED on.

led.toggle()
Toggle the LED between on and off.

class Pin — control 1/0 pins

A pin is the basic object to control I/O pins. It has methods to set the mode of the pin (input, output, etc)
and methods to get and set the digital logic level. For analog control of a pin, see the ADC class.

Usage Model:
All Board Pins are predefined as pyb.Pin.board.Name
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x1_pin = pyb.Pin.board.X1

g = pyb.Pin(pyb.Pin.board.X1, pyb.Pin.IN)

CPU pins which correspond to the board pins are available as pyb.cpu.Name. For the CPU pins, the names
are the port letter followed by the pin number. On the PYBv1.0, pyb.Pin.board.X1 and pyb.Pin.cpu.B6
are the same pin.

You can also use strings:

g = pyb.Pin('X1', pyb.Pin.OUT_PP)

Users can add their own names:

MyMapperDict = { 'LeftMotorDir' : pyb.Pin.cpu.C12 }
pyb.Pin.dict (MyMapperDict)
g = pyb.Pin("LeftMotorDir", pyb.Pin.0UT_0D)

and can query mappings

pin = pyb.Pin("LeftMotorDir")

Users can also add their own mapping function:

def MyMapper (pin_name) :
if pin_name == "LeftMotorDir":
return pyb.Pin.cpu.AO

pyb.Pin.mapper (MyMapper)

So, if you were to call: pyb.Pin("LeftMotorDir pyb.Pin.OUT_PP) then "LeftMotorDir" is passed directly
to the mapper function.

To summarise, the following order determines how things get mapped into an ordinal pin number:
1. Directly specify a pin object
2. User supplied mapping function
3. User supplied mapping (object must be usable as a dictionary key)
4. Supply a string which matches a board pin
5. Supply a string which matches a CPU port/pin

You can set pyb.Pin.debug(True) to get some debug information about how a particular object gets mapped
to a pin.

When a pin has the Pin.PULL_UP or Pin.PULL_DOWN pull-mode enabled, that pin has an effective 40k Ohm
resistor pulling it to 3V3 or GND respectively (except pin Y5 which has 11k Ohm resistors).

Constructors

class pyb.Pin(id, ...)
Create a new Pin object associated with the id. If additional arguments are given, they are used to
initialise the pin. See pin.intt ().
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Class methods

Pin.af_list()
Returns an array of alternate functions available for this pin.

Pin.debug( [state ] )
Get or set the debugging state (True or False for on or off).

Pin.dict([dz‘ct])
Get or set the pin mapper dictionary.

Pi

[=]

.mapper ( [fun ] )
Get or set the pin mapper function.

Methods

pin.init(mode, pull=Pin.PULL _NONE, af=-1)
Initialise the pin:

emode can be one of: - Pin.IN - configure the pin for input; - Pin.0QUT_PP - configure the pin
for output, with push-pull control; - Pin.0UT_0D - configure the pin for output, with open-drain
control; - Pin.AF_PP - configure the pin for alternate function, pull-pull; - Pin.AF_0D - configure
the pin for alternate function, open-drain; - Pin.ANALQG - configure the pin for analog.

epull can be one of: - Pin.PULL_NONE - no pull up or down resistors; - Pin.PULL_UP - enable the
pull-up resistor; - Pin.PULL_DOWN - enable the pull-down resistor.

ewhen mode is Pin.AF PP or Pin.AF _OD, then af can be the index or name of one of the alternate
functions associated with a pin.

Returns: None.

pin.high()
Set the pin to a high logic level.

pin.low()
Set the pin to a low logic level.

pin.value( ['value ] )
Get or set the digital logic level of the pin:

eWith no argument, return 0 or 1 depending on the logic level of the pin.

eWith value given, set the logic level of the pin. value can be anything that converts to a boolean.
If it converts to True, the pin is set high, otherwise it is set low.

__str__Q
Return a string describing the pin object.

pin.

pin.af ()
Returns the currently configured alternate-function of the pin. The integer returned will match one of
the allowed constants for the af argument to the init function.

pin.gpioQ)
Returns the base address of the GPIO block associated with this pin.

pin.mode()
Returns the currently configured mode of the pin. The integer returned will match one of the allowed
constants for the mode argument to the init function.
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pin.name ()
Get the pin name.

pin.names()
Returns the cpu and board names for this pin.

pin.pin()
Get the pin number.

pin.port()
Get the pin port.

pin.pull()
Returns the currently configured pull of the pin. The integer returned will match one of the allowed
constants for the pull argument to the init function.

Constants

Pin.AF_0OD
initialise the pin to alternate-function mode with an open-drain drive

Pin.AF_PP
initialise the pin to alternate-function mode with a push-pull drive

Pin.ANALOG
initialise the pin to analog mode

Pin.IN
initialise the pin to input mode

Pin.QUT_0OD
initialise the pin to output mode with an open-drain drive

Pin.QUT_PP
initialise the pin to output mode with a push-pull drive

Pin.PULL_DOWN
enable the pull-down resistor on the pin

Pin.PULL_NONE
don’t enable any pull up or down resistors on the pin

Pin.PULL_UP
enable the pull-up resistor on the pin

class PinAF — Pin Alternate Functions

A Pin represents a physical pin on the microcprocessor. Each pin can have a variety of functions (GPIO,
12C SDA, etc). Each PinAF object represents a particular function for a pin.

Usage Model:

x3 = pyb.Pin.board.X3
x3_af = x3.af_list()

x3_af will now contain an array of PinAF objects which are availble on pin X3.

For the pyboard, x3 af would contain: [Pin.AF1_TIM2, Pin.AF2_ TIMS5, Pin.AF3 _TIMO,
Pin.AF7_ USART?2]
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Normally, each peripheral would configure the af automatically, but sometimes the same function is available
on multiple pins, and having more control is desired.

To configure X3 to expose TIM2 CH3, you could use:

’pin = pyb.Pin(pyb.Pin.board.X3, mode=pyb.Pin.AF_PP, af=pyb.Pin.AF1_TIM2)

or:

’pin = pyb.Pin(pyb.Pin.board.X3, mode=pyb.Pin.AF_PP, af=1)

Methods

pinaf.__str__Q)
Return a string describing the alternate function.

pinaf.index()
Return the alternate function index.

pinaf.name ()
Return the name of the alternate function.

pinaf.reg()
Return the base register associated with the peripheral assigned to this alternate function. For example,
if the alternate function were TIM2 CH3 this would return stm.TIM2

class RTC - real time clock

The RTC is and independent clock that keeps track of the date and time.

Example usage:

rtc = pyb.RTC()
rtc.datetime((2014, 5, 1, 4, 13, 0, 0, 0))
print(rtc.datetime())

Constructors

class pyb.RTC
Create an RTC object.

Methods

rtc.datetime( [datetimetuple ] )
Get or set the date and time of the RTC.

With no arguments, this method returns an 8-tuple with the current date and time. With 1 argument
(being an 8-tuple) it sets the date and time.

The 8-tuple has the following format:

(year, month, day, weekday, hours, minutes, seconds, subseconds)
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weekday is 1-7 for Monday through Sunday.
subseconds counts down from 255 to 0

rtc.info()
Get information about the startup time and reset source.

eThe lower Oxffff are the number of milliseconds the RTC took to start up.
eBit 0x10000 is set if a power-on reset occurred.

eBit 0x20000 is set if an external reset occurred

class Servo — 3-wire hobby servo driver

Servo controls standard hobby servos with 3-wires (ground, power, signal).

Constructors

class pyb.Servo (id)
Create a servo object. id is 1-4.

Methods

servo.angle( [angle, time=0 ] )
Get or set the angle of the servo.

eangle is the angle to move to in degrees.

etime is the number of milliseconds to take to get to the specified angle.

servo. calibration([pulse_ min, pulse_maz, pulse_ centre [, pulse_angle_ 90, pulse_speed_ 100 ] ])
Get or set the calibration of the servo timing.

servo.pulse_width([value])
Get or set the pulse width in milliseconds.

servo.speed( [speed, time=0 ])
Get or set the speed of a continuous rotation servo.

espeed is the speed to move to change to, between -100 and 100.

etime is the number of milliseconds to take to get to the specified speed.

class SPI — a master-driven serial protocol

SPI is a serial protocol that is driven by a master. At the physical level there are 3 lines: SCK, MOSI, MISO.

See usage model of 12C; SPI is very similar. Main difference is parameters to init the SPI bus:

from pyb import SPI
spi = SPI(1, SPI.MASTER, baudrate=600000, polarity=1, phase=0, crc=0x7)

Only required parameter is mode, SPLMASTER or SPI.SLAVE. Polarity can be 0 or 1, and is the level the
idle clock line sits at. Phase can be 0 or 1 to sample data on the first or second clock edge respectively. Crc
can be None for no CRC, or a polynomial specifier.
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Additional method for SPI:

data = spi.send_recv(b'1234') # send 4 bytes and receive 4 bytes
buf = bytearray(4)

spi.send_recv(b'1234', buf) # send 4 bytes and receive 4 into buf
spi.send_recv(buf, buf) # send/recv 4 bytes from/to buf
Constructors

class pyb.SPI (bus, ...)
Construct an SPI object on the given bus. bus can be 1 or 2. With no additional parameters, the SPI
object is created but not initialised (it has the settings from the last initialisation of the bus, if any).
If extra arguments are given, the bus is initialised. See init for parameters of initialisation.

The physical pins of the SPI busses are:

eSPI(1) is on the X position: (NSS, SCK, MISO, MOSI) = (X5, X6, X7, X8) = (PA4, PAS5,
PA6, PAT)

eSPI(2) is on the Y position: (NSS, SCK, MISO, MOSI) = (Y5, Y6, Y7, Y8) = (PB12, PB13,
PB14, PB15)

At the moment, the NSS pin is not used by the SPI driver and is free for other use.

Methods

spi.deinit()
Turn off the SPI bus.
spi.init(mode, baudrate=328125 * polarity=1, phase=0, bits=8, firstbit=SPI.MSB, ti=False,
cre=None)
Initialise the SPI bus with the given parameters:
emode must be either SPT.MASTER or SPI.SLAVE.

ebaudrate is the SCK clock rate (only sensible for a master).

spi.recv(recv, ¥ timeout=5000)
Receive data on the bus:

erecv can be an integer, which is the number of bytes to receive, or a mutable buffer, which will
be filled with received bytes.

etimeout is the timeout in milliseconds to wait for the receive.

Return value: if recv is an integer then a new buffer of the bytes received, otherwise the same buffer
that was passed in to recv.

spi.send(send, * timeout=5000)
Send data on the bus:

esend is the data to send (an integer to send, or a buffer object).
etimeout is the timeout in milliseconds to wait for the send.
Return value: None.

spi.send_recv(send, recv=None, *, timeout=5000)
Send and receive data on the bus at the same time:

esend is the data to send (an integer to send, or a buffer object).
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erecv is a mutable buffer which will be filled with received bytes. It can be the same as send, or
omitted. If omitted, a new buffer will be created.

etimeout is the timeout in milliseconds to wait for the receive.

Return value: the buffer with the received bytes.

Constants

SPI.MASTER

SPI.SLAVE
for initialising the SPI bus to master or slave mode

SPI.LSB

SPI.MSB
set the first bit to be the least or most significant bit

class Switch — switch object

A Switch object is used to control a push-button switch.

Usage:
sw = pyb.Switch() # create a switch object
sw() # get state (True if pressed, False otherwise)
sw.callback(f) # register a callback to be called when the
#  switch is pressed down
sw.callback(None) # remove the callback
Example:

pyb.Switch() .callback(lambda: pyb.LED(1).toggle())

Constructors

class pyb.Switch
Create and return a switch object.

Methods

switch()
Return the switch state: True if pressed down, False otherwise.

switch.callback(fun)
Register the given function to be called when the switch is pressed down. If fun is None, then it disables
the callback.

class Timer — control internal timers

Timers can be used for a great variety of tasks. At the moment, only the simplest case is implemented: that
of calling a function periodically.
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Each timer consists of a counter that counts up at a certain rate. The rate at which it counts is the peripheral
clock frequency (in Hz) divided by the timer prescaler. When the counter reaches the timer period it triggers
an event, and the counter resets back to zero. By using the callback method, the timer event can call a
Python function.

Example usage to toggle an LED at a fixed frequency:

tim = pyb.Timer(4) # create a timer object using timer /
tim.init(freq=2) # trigger at 2Hz
tim.callback(lambda t:pyb.LED(1).toggle())

Further examples:

tim = pyb.Timer(4, freq=100) # freq in Hz
tim

pyb.Timer (4, prescaler=0, period=99)

tim.counter () # get counter (can also set)

tim.prescaler(2) set prescaler (can also get)

tim.period(199) set period (can also get)

tim.callback(lambda t: ...) set callback for update interrupt (t=tim instance)

#
#
#
tim.callback(None) # clear callback

Note: Timer 3 is reserved for internal use. Timer 5 controls the servo driver, and Timer 6 is used for timed
ADC/DAC reading/writing. It is recommended to use the other timers in your programs.

Constructors

class pyb.Timer(id, ...)
Construct a new timer object of the given id. If additional arguments are given, then the timer is
initialised by init(...). id can be 1 to 14, excluding 3.

Methods

timer.callback(fun)
Set the function to be called when the timer triggers. fun is passed 1 argument, the timer object. If
fun is None then the callback will be disabled.

timer.channel (channel, mode, ...)
If only a channel number is passed, then a previously initialized channel object is returned (or None if
there is no previous channel).

Othwerwise, a TimerChannel object is initialized and returned.

Each channel can be configured to perform pwm, output compare, or input capture. All channels share
the same underlying timer, which means that they share the same timer clock.

Keyword arguments:
emode can be one of:
—Timer.PWM — configure the timer in PWM mode (active high).
—Timer.PWM_INVERTED — configure the timer in PWM mode (active low).
—Timer.0C_TIMING — indicates that no pin is driven.

—Timer.0C_ACTIVE — the pin will be made active when a compare match occurs (active is
determined by polarity)

—Timer.0C_INACTIVE — the pin will be made inactive when a compare match occurs.
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—Timer.0C_TOGGLE — the pin will be toggled when an compare match occurs.
—Timer.0C_FORCED_ACTIVE — the pin is forced active (compare match is ignored).
—Timer.0C_FORCED_INACTIVE — the pin is forced inactive (compare match is ignored).
—Timer.IC — configure the timer in Input Capture mode.

ecallback - as per TimerChannel.callback()

epin None (the default) or a Pin object. If specified (and not None) this will cause the alternate
function of the the indicated pin to be configured for this timer channel. An error will be raised
if the pin doesn’t support any alternate functions for this timer channel.

Keyword arguments for Timer. PWM modes:

epulse_width - determines the initial pulse width value to use.

epulse_width_percent - determines the initial pulse width percentage to use.
Keyword arguments for Timer.OC modes:

ecompare - determines the initial value of the compare register.

epolarity can be one of: - Timer .HIGH - output is active high - Timer.LOW - output is acive low
Optional keyword arguments for Timer.IC modes:

epolarity can be one of: - Timer .RISING - captures on rising edge. - Timer .FALLING -
captures on falling edge. - Timer.BOTH - captures on both edges.

Note that capture only works on the primary channel, and not on the complimentary
channels.

PWM Example:

timer = pyb.Timer(2, freq=1000)
ch2 = timer.channel(2, pyb.Timer.PWM, pin=pyb.Pin.board.X2, pulse_width=210000)
ch3 = timer.channel(3, pyb.Timer.PWM, pin=pyb.Pin.board.X3, pulse_width=420000)

timer.counter ( [value ] )
Get or set the timer counter.

timer.deinit ()
Deinitialises the timer.

Disables the callback (and the associated irq). Disables any channel callbacks (and the associated irq).
Stops the timer, and disables the timer peripheral.

timer.freq([value])
Get or set the frequency for the timer (changes prescaler and period if set).

timer.init (¥ freq, prescaler, period)
Initialise the timer. Initialisation must be either by frequency (in Hz) or by prescaler and period:

tim.init(freq=100) # set the timer to trigger at 100Hz
tim.init(prescaler=83, period=999) # set the prescaler and period directly

Keyword arguments:

efreq — specifies the periodic frequency of the timer. You migh also view this as the
frequency with which the timer goes through one complete cycle.
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eprescaler [0-Oxffff] - specifies the value to be loaded into the timer’s Prescaler Register
(PSC). The timer clock source is divided by (prescaler + 1) to arrive at the timer
clock. Timers 2-7 and 12-14 have a clock source of 84 MHz (pyb.freq()[2] * 2), and
Timers 1, and 8-11 have a clock source of 168 MHz (pyb.freq()[3] * 2).

eperiod [0-0xfIff] for timers 1, 3, 4, and 6-15. [0-0x3fIfff] for timers 2 & 5. Specifies the
value to be loaded into the timer’s AutoReload Register (ARR). This determines the
period of the timer (i.e. when the counter cycles). The timer counter will roll-over after
period + 1 timer clock cycles.

emode can be one of:
—Timer.UP - configures the timer to count from 0 to ARR (default)
—Timer.DOWN - configures the timer to count from ARR down to 0.

—Timer.CENTER - confgures the timer to count from 0 to ARR and then back down
to 0.

ediv can be one of 1, 2, or 4. Divides the timer clock to determine the sampling clock
used by the digital filters.

ecallback - as per Timer.callback()

edeadtime - specifies the amount of “dead” or inactive time between transitions on
complimentary channels (both channels will be inactive) for this time). deadtime may
be an integer between 0 and 1008, with the following restrictions: 0-128 in steps of 1.
128-256 in steps of 2, 256-512 in steps of 8, and 512-1008 in steps of 16. deadime measures
ticks of source_freq divided by div clock ticks. deadtime is only available on timers 1
and 8.

You must either specify freq or both of period and prescaler.

timer.period([value])
Get or set the period of the timer.

timer.prescaler([value])
Get or set the prescaler for the timer.

timer.source_freq()
Get the frequency of the source of the timer.

class TimerChannel — setup a channel for a timer

Timer channels are used to generate/capture a signal using a timer.

TimerChannel objects are created using the Timer.channel() method.

Methods

timerchannel.callback (fun)
Set the function to be called when the timer channel triggers. fun is passed 1 argument, the timer
object. If fun is None then the callback will be disabled.

timerchannel.capture( [value ] )
Get or set the capture value associated with a channel. capture, compare, and pulse_width are all
aliases for the same function. capture is the logical name to use when the channel is in input capture
mode.
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timerchannel . compare( [value ] )
Get or set the compare value associated with a channel. capture, compare, and pulse width are all
aliases for the same function. compare is the logical name to use when the channel is in output compare
mode.

timerchannel .pulse_width( [value ] )
Get or set the pulse width value associated with a channel. capture, compare, and pulse width are
all aliases for the same function. pulse width is the logical name to use when the channel is in PWM
mode.

In edge aligned mode, a pulse width of period + 1 corresponds to a duty cycle of 100% In center
aligned mode, a pulse width of period corresponds to a duty cycle of 100%

timerchannel .pulse_width_percent( [value ] )
Get or set the pulse width percentage associated with a channel. The value is a number between 0
and 100 and sets the percentage of the timer period for which the pulse is active. The value can be an
integer or floating-point number for more accuracy. For example, a value of 25 gives a duty cycle of
25%.

class UART — duplex serial communication bus

UART implements the standard UART/USART duplex serial communications protocol. At the physical
level it consists of 2 lines: RX and TX. The unit of communication is a character (not to be confused with
a string character) which can be 8 or 9 bits wide.

UART objects can be created and initialised using:

from pyb import UART

uart = UART(1, 9600) # init with given baudrate
uart.init (9600, bits=8, parity=None, stop=1) # init with given parameters

Bits can be 7, 8 or 9. Parity can be None, 0 (even) or 1 (odd). Stop can be 1 or 2.

Note: with parity=None, only 8 and 9 bits are supported. With parity enabled, only 7 and 8 bits are
supported.

A UART object acts like a stream object and reading and writing is done using the standard stream methods:

uart.read(10)
uart.readall()

# read 10 characters, returns a bytes object
#
uart.readline() # read a line
#
#

read all available characters

uart.readinto (buf) read and store into the given buffer

uart.write('abc') write the 3 characters

Individual characters can be read/written using:

uart.readchar() # read 1 character and returns it as an integer
uart.writechar(42) # write 1 character

To check if there is anything to be read, use:

uart.any() # returns True if any characters waiting

Note: The stream functions read, write etc Are new in Micro Python since v1.3.4. Earlier versions use
uart.send and uart.recv.
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Constructors

class pyb.UART (bus, ...)
Construct a UART object on the given bus. bus can be 1-6, or ‘XA’, ‘XB’, ‘YA’, or ‘YB’. With no
additional parameters, the UART object is created but not initialised (it has the settings from the
last initialisation of the bus, if any). If extra arguments are given, the bus is initialised. See init for
parameters of initialisation.

The physical pins of the UART busses are:
oUART (4) is on XA: (TX, RX)

(X1, X2) = (PAO, PA1)
eUART(1) is on XB: (TX, RX)

(X9, X10) = (PB6, PB7)

oUART(6) is on YA: (TX, RX) (Y1, Y2) = (PC6, PCT)

oUART(3) is on YB: (TX, RX) (Y9, Y10) = (PB10, PB11)

eUART(2) is on: (TX, RX) = (X3, X4) = (PA2, PA3)

Methods

uvart.init (baudrate, bits=8, parity=None, stop=1, *  timeout=1000, timeout char=0,
read_ buf len=64)
Initialise the UART bus with the given parameters:

ebaudrate is the clock rate.

ebits is the number of bits per character, 7, 8 or 9.

eparity is the parity, None, 0 (even) or 1 (odd).

estop is the number of stop bits, 1 or 2.

etimeout is the timeout in milliseconds to wait for the first character.
etimeout_char is the timeout in milliseconds to wait between characters.
eread_buf_len is the character length of the read buffer (0 to disable).

Note: with parity=None, only 8 and 9 bits are supported. With parity enabled, only 7 and 8 bits are
supported.

uart.deinit ()

Turn off the UART bus.

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.

Note: for 9 bit characters each character takes two bytes, nbytes must be even, and the number of
characters is nbytes/2.

Return value: a bytes object containing the bytes read in. Returns b'' on timeout.

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

Return value: a bytes object.
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uart.readchar()

Receive a single character on the bus.

Return value: The character read, as an integer. Returns -1 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.

Return value: number of bytes read and stored into buf.

uart.readline()

Read a line, ending in a newline character.

Return value: the line read.

uart.write (buf)

Write the buffer of bytes to the bus. If characters are 7 or 8 bits wide then each byte is one character.
If characters are 9 bits wide then two bytes are used for each character (little endian), and buf must
contain an even number of bytes.

Return value: number of bytes written.

uart.writechar (char)

Write a single character on the bus. char is an integer to write. Return value: None.

class USB_VCP — USB virtual comm port

The USB_VCP class allows creation of an object representing the USB virtual comm port. It can be used
to read and write data over USB to the connected host.

Constructors

class pyb.USB_VCP

Create a new USB_ VCP object.

Methods

usb_vcp.any ()

Return True if any characters waiting, else False.

usb_vcp.close()

usb_vcp.read( [nbytes ] )

usb_vcp.readall()

usb_vcp.readline()

usb_vcp.recv(data, *, timeout=5000)

Receive data on the bus:

edata can be an integer, which is the number of bytes to receive, or a mutable buffer, which will
be filled with received bytes.

etimeout is the timeout in milliseconds to wait for the receive.

Return value: if data is an integer then a new buffer of the bytes received, otherwise the number of
bytes read into data is returned.

4.3.
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usb_vcp.send(data, *, timeout=5000)
Send data over the USB VCP:

edata is the data to send (an integer to send, or a buffer object).
etimeout is the timeout in milliseconds to wait for the send.
Return value: number of bytes sent.

usb_vcp.write (buf)

network — network configuration

This module provides network drivers and routing configuration.
class CC3k
Constructors

class network.CC3k(spi, pin_ cs, pin_en, pin_irq)
Initialise the CC3000 using the given SPI bus and pins and return a CC3k object.

Methods

cc3k.connect (ssid, key=None, *, security=WPA2, bssid=None)

class WIZnet5k

This class allows you to control WIZnet5x00 Ethernet adaptors based on the W5200 and W5500 chipsets
(only W5200 tested).

Example usage:

import wiznetbk

w = wiznetbk.WIZnet5k()
print(w.ipaddr())

w.gethostbyname ('micropython.org')
s = w.socket()
s.connect(('192.168.0.2"', 8080))
s.send('hello')

print(s.recv(10))

Constructors

class network.WIZnet5k(spi, pin_ cs, pin_ rst)
Create and return a WIZnet5k object.
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Methods

wiznet5k.ipaddr([(ip, subnet, gateway, dns)])
Get/set IP address, subnet mask, gateway and DNS.

wiznetbk.regs()
Dump WIZnet5k registers.
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AnnapaTHble cpeacTea pyboard

e PYBv1.0 schematics and layout (2.4MiB PDF)
e PYBv1.0 metric dimensions (360KiB PDF)
e PYBv1.0 imperial dimensions (360KiB PDF)
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Cneundpukauun komnoHeHT pyboard

o Mukpoxkonrposuiep: STM32F405RGT6 (link to manufacturer’s site)
e Axcesepomerp: Freescale MMAT7660 (800kiB PDF)

e Crabmmmszarop Hanpsizkenust LDO (MasbiM najeHneM HanpsikeHust Bxo,/Borxon): Microchip MCP1802
(400kiB PDF)
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Cneuundukauuy npoYnx KOMMOHEHT

e KK skpan ¢ HapyKHBIM ceHCOpHBIM cyoeM: Newhaven Display NHD-C12832A1Z-FSW-FBW-3V3
(460KiB PDF)

e Yun nyist cerncoproii 2KK obosouku: Freescale MPR121 (280KiB PDF)

e ITudpopoii nmoreHnmomerp st ayauo obosouku: Microchip MCP4541 (2.7MiB PDF)
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JNuuensus Micro Python

The MIT License (MIT)
Copyright (c) 2013, 2014 Damien P. George, and others

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the “Software”), to deal in the Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and
to permit persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
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Conepxatue gokymertaumm Micro Python
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Indices and tables

e genindex
e modindex

e search
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C
cmath, 37

g
gc, 38
m
math, 38

n
network, 70

0]
os, 40

Y
pyb, 45

S

select, 41
struct, 42
sys, 42

t
time, 43

u
uheapq, 44
ujson, 44
usocket, 44
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Symbols

str () (merox pin), 58
str () (meroz pinaf), 60

A

acos() (B momyse math), 38
acosh() (B momyse math), 38
af() (merox pin), 58

af list() (merox Pin), 58
angle() (meror servo), 61
any() (meron can), 49

any() (meron uart), 68

any() (merom usb_vep), 69
argv (B MozyJie sys), 42
asin() (B momyse math), 38
asinh() (B momyse math), 38
atan() (B Mozyse math), 38
atan2() (B mozyse math), 38
atanh() (B momysne math), 39

B

bootloader() (8 Mmomyse pyb), 45
byteorder (B momyze sys), 42

C

calcsize() (B momyste struct), 42
calibration() (meron servo), 61
callback() (merox switch), 63
callback() (meron timer), 64
callback() (merox timerchannel), 66

CAN.LOOPBACK (BcrpoenHast niepemMeHHast), 49
CAN.NORMAL (Bcrpoennas nepemennast), 49
CAN.SILENT (BcTpoennas nepementasi), 49
CAN.SILENT LOOPBACK (BcrpoenHasi nepeMeH-

Hast), 49
capture() (merox timerchannel), 66
CC3k (xnacc B network), 70
ceil() (B Mmoayse math), 39
channel() (merox timer), 64

chdir() (B momyze os), 41

close() (merox usb_vep), 69

cmath (momysn), 37

collect() (B momyse ge), 38
command() (merox led), 55
compare() (merox timerchannel), 66
connect() (meron network.ce3k), 70
contrast() (merosx led), 55
copysign() (B momyse math), 39
cos() (B mozmysie cmath), 37

cos() (B Momyse math), 39

cosh() (B momyse math), 39
counter() (merosx timer), 65

D

datetime() (meron rtc), 60
debug() (merox Pin), 58
degrees() (B momyse math), 39
deinit() (merosx can), 49
(merom i2¢), 53

(

(

deinit()

deinit() (merox spi), 62
deinit() (meroz timer), 65
deinit() (merom uart), 68

delay() (B momyse pyb), 45
dict() (merox Pin), 58

disable() (merox extint), 52
disable() (B momyse gc), 38
disable irq() (8 momyse pyb), 46
dumps() (B momyse ujson), 44

—~

e (B Moxyse cmath), 38

e (B Momyse math), 40

elapsed micros() (B momyse pyb), 45
elapsed millis() (8 momyse pyb), 45
enable() (meron extint), 52

enable() (B momyJie gc), 38

enable irq() (B Moayse pyb), 46
erf() (B momyse math), 39
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erfc() (B momyse math), 39 isfinite() (B momyme math), 39

exit() (B mMomyue sys), 42 isinf() (B mMomyse math), 39

exp() (B momysie cmath), 37 isnan() (B momyse math), 39

exp() (B mozyse math), 39

expml() (B momyse math), 39 L

ExtInt.IRQ_FALLING (scrpoennas mnepemennas), ldexp() (B mosyse math), 39
52 lgamma() (B Momyse math), 39

ExtInt.IRQ_RISING (scrpoennast nepemennast), 52 Jight() (meros led), 55

ExtInt.JRQ RISING FALLING (BcrpoeHHasi mepe- line() (meros extint), 52

MeHHast), 52 listdir() (B mosyse os), 41
loads() (B mozyse ujson), 44

F localtime() (B momyJie time), 43
fabs() (B momyse math), 39 log() (B momyse cmath), 37
fill() (merogz led), 55 log() (B Momyse math), 39
filtered xyz() (merox accel), 47 log10() (B momyne cmath), 37
floor() (B momyme math), 39 log10() (B momyme math), 40
fmod() (B momysne math), 39 log2() (B Mmomyse math), 40
freq() (meronm timer), 65 low() (merox pin), 58
freq() (B Mmomyse pyb), 46
frexp() (B mozyse math), 39 M

mapper() (merox Pin), 58
G math (momysn), 38

gamma() (B momyse math), 39
ge (Momyin), 38
get() (meron led), 55

getaddrinfo() (B Mmozyse usocket), 44

getewd() (B momysie os), 41
gpio() (meron pin), 58

H

hard _reset() (B Mmoayse pyb), 45
have cde() (B momyse pyb), 46
heapify() (8 momysne uheapq), 44

heappop() (B monyse uheapq), 44
heappush() (B momyse uheapq), 44

hid() (B momyse pyb), 46
high() (meropx pin), 58

I2C.MASTER (Bcrpoennas niepeMentas), H4
I12C.SLAVE (BcrpoenHas 1epeMenHast), H4

index() (merosx pinaf), 60
info() (meron rte), 61
info() (B Moayse pyb), 46
init() (merox can), 49
init() (merox i2¢), 53
init() (merox pin), 58
init() (merog spi), 62
init() (merox timer), 65
init() (merox uart), 68
intensity() (meror led), 56

ipaddr() (meron network.wiznet5k), 71

is_ready() (meron i2¢), 53

mem _alloc() (B momyse gc), 38
mem_ free() (B momyme ge), 38
mem_read() (merox i2c), 53
mem_ write() (merozx i2¢), 54
micros() (B momyse pyb), 45
millis() (B moayste pyb), 45
mkdir() (B momyse os), 41
mktime() (B momyse time), 43
mode() (meTox pin), 58

modf() (B momyse math), 40
modify() (meron select.poll), 42

N

name() (meron pin), 58
name() (merox pinaf), 60
names() (meros pin), 59
network (mosysn), 70
noise() (merox dac), 50

O

off() (meronm led), 56
on() (merox led), 56
os (momyin), 40

P

pack() (B momyJe struct), 42
path (B momyue sys), 42
period() (meron timer), 66
phase() (B momyse cmath), 37
pi (B mozgysie cmath), 38

pi (B moxyse math), 40
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pin() (meropx pin), 59

Pin.AF_OD (BcrpoenHast nepeMenHast), 59
Pin.AF PP (Bcrpoennas mepemenHasi), 59
Pin.ANALOG (Bcrpoennas nepementas), 59
Pin.IN (Bcrpoennas nepemennas), 59
Pin.OUT _OD (Bcrpoennas nepemensas), 59
Pin.OUT_PP (Bcrpoennasi nepemeHnHast), 59

Pin.PULL_ DOWN (BcrpoeHHas mepemenHast), 59
Pin.PULL NONE (BcrpoeHHast nepeMeHHast), 59

Pin.PULL UP (Bcrpoennas nepemensas), 59
pixel() (meropx led), 56

platform (B momyse sys), 42

polar() (B Mmonyse cmath), 37

poll() (meron select.poll), 42

poll() (B moxyue select), 41

port() (merox pin), 59

pow() (B momyme math), 40

prescaler() (meros timer), 66

pull() (meron pin), 59

pulse width() (merosx servo), 61

pulse width() (merox timerchannel), 67

pulsewidth percent() (meron timerchannel), 67

pyb (Momyss), 45
pyb.Accel (Berpoennsiit kinacc), 47
pyb.ADC (Bcrpoenusiit kiacc), 48
pyb.CAN (Bcrpoenusiii kiacc), 49
pyb.DAC (Bcrpoennsiii kiacc), 50
pyb.ExtInt (BcTpoennsit kirace), 51
pyb.12C (BcTpoeHHBIH Kiace), 5
pyb.LCD (Bcrpoenusiit kiacc), 55
5

pyb.Pin (Bcrpoenusiii kiacc), 57
pyb.RTC (BcTpoennsiit xkaacc), 60
pyb.Servo (Bcrpoennstii kiacc), 61
pyb.SPI (BcTpoenusiii kiace), 62
pyb.Switch (Bcrpoennsiit kiacc), 63
pyb.Timer (Bcrpoennsrii kiacc), 64
pyb.UART (Berpoennsrii kiace), 68
pyb.USB_ VCP (BcrpoenHsiii kiacc), 69

R

radians() (B moyse math), 40
read() (merox adc), 48

read() (merox uart), 68

read() (merox usb_vep), 69
read timed() (merox adc), 48
readall() (merom uart), 68
readall() (meron usb_vep), 69
readchar() (meroz uart), 68
readinto() (merom uart), 69
readline() (meron uart), 69
readline() (merom usb_vep), 69
rect() (B momyne cmath), 37
recv() (meron can), 49

recv() (merox i2c), 54

recv() (merop spi), 62

recv() (meroz usb_vep), 69
reg() (meron pinaf), 60
register() (merox select.poll), 42
regs() (meron ExtInt), 52

regs() (meron network.wiznet5k), 71
remove() (B momyJie 0s), 41

repl uart() (B momyme pyb), 46
rmdir() (B mozayie os), 41

rng() (B momyie pyb), 46

S

scan() (meron i2¢), 54
select (momysn), 41
select() (B momyse select), 41

(
send() (merox can), 49
send() (meron i2¢), 54
send() (merox spi), 62
send() (merom usb _vep), 70

send recv() (merof spi), 62

sep (B MogyJe 0s), 41

show() (merox led), 56

sin() (B Momyse cmath), 37

sin() (B mMozyse math), 40

sinh() (B momyme math), 40

sleep() (B momyse time), 43

socket() (B momysie usocket), 44
source_freq() (meron timer), 66
speed() (merog servo), 61

SPI.LSB (Bcrpoennag nepementas), 63
SPIL.MASTER (Bcrpoennas nepementas), 63
SPI.MSB (Bcrpoennas nepemensast), 63
SPL.SLAVE (BcTpoeHHas mepementast), 63
sqrt() (B momyse cmath), 38

sqrt() (B momyse math), 40

standby() (B momyze pyb), 46

stat() (B momyse os), 41

stderr (B momyuie sys), 43

stdin (B Momyse sys), 43

stdout (B momyste sys), 43

stop() (B Moayse pyb), 46

struct (moysn), 42

swint() (meron extint), 52

switch(), 63

sync() (B momyste os), 41

sync() (B mogyie pyb), 46

sys (Momysin), 42

T

tan() (B momyme math), 40
tanh() (B momyse math), 40
text() (merox led), 56

tilt() (meron accel), 47
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time (mMomysn), 43

time() (B Monyute time), 43
toggle() (merogx led), 56
triangle() (meroz dac), 50
trunc() (B momyse math), 40

U

udelay() (B momyse pyb), 45
uheapq (Monyus), 44

ujson (Momyn), 44

unique_id() (B momyse pyb), 46
unpack() (B mogyse struct), 42

unregister() (meron select.poll), 42

urandom() (B mozyse os), 41
usocket (mozysn), 44

V

value() (meron pin), 58
version (B Mosmyse sys), 43
version _info (B momyste sys), 43

W

wii() (B momyse pyb), 46
WIZnet5k (xmacc B network), 70
write() (meron dac), 50

write() (meron led), 56

write() (meroz uart), 69

write() (meron usb_vep), 70
write_timed() (merox dac), 50
writechar() (meron uart), 69

X

x() (meron accel), 47

<

y() (meron accel), 47

N

z() (merom accel), 47
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