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AHOTANIA
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[TPOTPAMHO-TEXHIYHUI  3ACI6, KEPYBAHHSA 3BYKOBUMU
KOJEKAMMU, MIKPOKOHTPOJIEP, ESP8266.

MeTor aumiIoMHOI poGOTH € po3poOJeHHS MpPOrpaMHO-TEXHIYHOIO 3acody
KepyBaHHs 3ByKOBMUMH KOJEKaMH Ha OCHOBI MikpokoHTposiepa ESP8266.

OG6’€KTOM [IOCHIJKEHHS € KepyBaHHS 3BYKOBMMHM KOJEKaMHM Ha OCHOBI
MikpokoHTposepa ESP8266.

[TpeaMeTOM HOCIIIKEHHS € MPOrpaMHO-TEXHIYHUH 3aci0 KepyBaHHS 3ByKOBUMHU
KOJIeKaMM Ha OCHOBI MikpokoHTponepa ESP8266.

ITin yac mpoBeAeHHs HOAHOTO JOCHTIMUKEHHA OyB BHUKOpPUCTAaHUH MeETOX
CHCTEMaTHYHOTO OTJsAAy JTepaTypH A BUBYEHHS i aHalli3y NpeIMETHOI 00nacTi

JAHOTO JIOCTiIKEHHs 3 TEKCTOBUX Jkepen iHdopmaulii.
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BCTYII

AKTyaJlbHICTh CHUCTEMHOTo mnporpamHoro 3abesneuenHs (I13) ans miarpumku
MyJIbTUME/1a B MIKPOKOHTPOJIEPHUX CHUCTEMaxX 3pOCTA€ B CYYACHOMY CBITI 3 KOXHUM
JTHEM, 1 OCh YOMY:

1. 30inbiIeHHs (GYHKIIIOHATBHOCTI MIKpOKOHTPOJIEPIB. CyuacHi
MIKPOKOHTPOJIEPH CTaIOTh BCE OLIBII MOTY>KHUMH Ta (PyHKIIOHAJILHUMU. BoHU BXke HE
00OMEXKYIOTbCS POCTUMH 3aBJaHHSMHU, a BUKOPUCTOBYIOTHCSI B 0araThOX I0/JaTKax, B
TOMY YHCI 1 MyJIbTUMEIIMHHUX, TAKUX SIK 00poOKa ay/1io, Bijieo Ta rpadiku.

2. PosmmpenHs cdep 3acTocyBaHHS MIKPOKOHTPOJEpiB. MIKpOKOHTpOJIEPHI
CUCTEMHU BHUKOPHCTOBYIOTBCS B IIHPOKOMY CIEKTpl 3aCTOCYBaHb, BKJIIOYAIOUU
aBTOMOO1JIbHY IPOMHCIIOBICTh, MEAWYHI NPUIaaAH, MOOYTOBY TEXHIKY, MPOMHUCIOBI
CHUCTEMHU TOIO. Y 0aratbox 3 1uX 00JIacTell Ba)IJIMBO MaTH MOKJIHMBICTH 0OpOONIATH 1
BiI0OpakaTu MyJIbTUMEIIMHUN KOHTEHT.

3. 3pocrtaroui BUMOTH J0 Bi3yasi3alli Ta iIHTepaKTUBHOCTI. ¥ 0araTboX BHIaJgKax
KOPUCTYBa4l Ta CUCTEMH TOTPEOYIOTh BHCOKOSIKICHOTO 3BYKY, 300pa)K€Hb Ta I1HIIHMX
MYJIbTUMEIIMHUX €JEMEHTIB JJi1 3a0e3ledyeHHs Kpallloi B3aeMojii Ta Bizyaumi3allii
1H(popMmarii.

4. Possurok Intepuety peueit (IoT). ¥V mepexi [oT Benuka KiNbKiCTh IPUCTPOIB
notpedye oOpoOKM Ta Tepenaui MyJbTUMEAINHUX NaHuX. Hampukian, Bigeokamepw,
ayJIl0CUCTEMH, IPUCTPOi pO3YMHOTO OYAMHKY - BC1 BOHH NOTPEOYIOTh MyJIbTUMEIIHHOT
MIITPUMKH 1151 €EeKTUBHOI pOOOTH.

5. Bipryamizamiss Ta BHUKOpUCTaHHA TrpadiuHux iHTepdeiiciB. Cucremu 3
rpadgiyauM iHTepdeiicom MoTpeOyIoTh MYIBTUMEMINHOI MIATPUMKH ISl €PEKTUBHOI
BipTyaui3anii Ta BiAOOpakeHHs rpadiku, 110 J03BOJISIE CTBOPIOBATH OUIBIN 3pY4YHI Ta
IHTYITUBHO 3pO3yMLITI IPUCTPOI.

6. Po3mupeni MOKIMBOCTI 3BYKOBUX CUCTEM. Y 0araThoX J0JaTKax AKICTh 3BYKY

Ma€ BaXJIMBE 3HAYEHHS, HANPUKIAQJ, B aBTOMOOLIBHHUX CHCTEMaX, JOMAIIIHIX

ApkK.
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ayaiocucTeMax, MEIUYHUX MPUCTPosix Tomo. [ligTpuMka MynbTuMesia € KIo4eM 10

JIOCSITHEHHSI BUCOKOT SIKOCT1 3BYKY.

Bcei mi ¢akropu pobnsiTe BaXKIMBUM PO3pOOKY Ta BHPOBAIKEHHS CHCTEMHOTO

MpOTrpaMHOro 3a0e3meueHHs IS MIKPOKOHTPOJEpPIB, M0 3abe3reuye MiIATPUMKY

MYJIbTUME/11a, BKJIFOYAK0YH B1ICOKOICKH, IpadiuHi 010110TEKH Ta 1HII KOMIIOHEHTH ISl

ONTUMAaJIbHOI 0OPOOKHU Ta BIATBOPEHHS MYJIbTUMEAIMHOTO KOHTEHTY.

3M.

ADK.

No nokyM.
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1 CACTEMM NIATPUMKHN MYJIGTAMEJIA HA OCHOBI 3BYKOBUX
KOJIEKIB

1.1 IToHATTS 3BYKOBUX KOJICKiB

3ByKOBHI KoJiek (Bij «codecy» - KoJep-AeKoep) - 1ie MporpaMHe abo arapaTHe
3a0e3neueHHs, sKe KOAYye 1 [ekoaye ayaiocurHand. OCHOBHE MPU3HAYCHHS ayai0KOeKa
- 3BMEHIIUTH 00CAT TaHUX 0€3 CyTTEBOI BTPATH SKOCTI 3BYKY.

BaxxnuBo po3ymiTH, 1m0 aynioCUTHAIM B MU(DPOBOMY BHIJISIII MOXKYTh 3aliMaTH
HabaraTto Oulble MiCls, HIX AaHaIoroBl. AYHIOKOJAEKM BUKOPHUCTOBYIOTHCS IS
CTUCHEHHS ayJiofaHux sl OUThIl e€(eKTUBHOrO 30epiraHHs Ta Tepeaadi. Ix moxHa
PO3JIUIMTH Ha JIB1 OCHOBHI KaTeropii.

Koneku 3 BTpatamu (Lossy Codecs). 11i kogekn CTUCKAIOTh ayAi01aHi, BUAATSIOYH
nesky iH(OpMallifo, sKa BBAXKAETHCS MEHII BAXKIWBOIO [UISl JIFOJACHKOTO ByXa.
[Tpuknagamu kozekiB 3 Brpatamu € MP3, AAC Tta Ogg Vorbis. Kogexu 6e3 BTpar.
CruckaoTh ayaiogaHi 6e3 BTpaTHu sKocTi. BOHHM 3MeHIIyIOTh OOCAT JaHUX, alie MpH
IIbOMY BHU MOXETE BIJIHOBUTH OpHUTIHAJBHUM ayJiocurHaia 0e3 OyIb-IKuX BTparT.
[Mpuxnanamu koxekiB 06e3 Brpar € FLAC, ALAC 1 WAV. Ayniokoneku
BUKOPHUCTOBYIOTBCS B PI3HHX cdepax, TaKuX sIK ayio3amnuc, nepeaada ayjio uepes

Mepexi, TOTOKOBE ayJIi0, a TAKOXK Y PI3HUX MYJIbTUMEIIAHUX MPUCTPOSX.

1.2 AKTyanbpHICTh BUKOPHUCTAHHS 3BYKOBUX KOJICKiB

3BYKOBUH KOJIEK - 11€ TporpaMHe ado anapaTrHe 3a0e3MeUeHHs], SIKe MOKe KOJ1yBaTu
abo JexoayBaTH ayAlOCHMTHANU. 3a3BUYail HOro BUKOPHUCTOBYIOTh JUIsl CTHUCHEHHS

ayJio/laHuX, 100 3MEHIINTH iXHIi po3Mip miJ yac nepenadi abo 30epiraHHs.

ApkK.
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1.2.1 KonyBaHHA Ta J€KOAYBaHHS

Aymi0KOJIeK 3JaTHUI IEPETBOPIOBATH ayA10CUTHAIM B IUPPOBUIT popmarT IiJ yac
KOJIyBaHHS 1 BIJHOBJIIOBATH iX y BUXIAHY GopMmy mia dac aekomyBaHHs. Lled mpoiiec

BOKJIMBUH TSl 3a0e3meueHHs e(heKTUBHOTO 30epirands abo mepenadi ayaioaHuX.

1.2.2 CTUCHEHHS TaHUX

Onniero 3 OCHOBHUX (GYHKIIH ayaioKoJeKa € CTHUCHEHHS ayJloJlaHuX s
3MEHIIICHHS po3Mipy (aitry abo moToky manmx. I{e 0coOIMBO BaKIMBO B CyYacHHX

Mepexax 1 MPUCTPOSIX, 1€ 00CIT JaHUX € KPUTUYHUM (DAKTOPOM.

1.2.3 CtucHenns 3 BTpatamu Ta 03 BTpaT (CTUCHEHHS 3 BTpaTamu Ta 0e3 BTpar)

Jlesiki KOIeKH BTpavyaroTh YacTHHY 1HoOpMaIli M yac CTUCHEHHS (CTUCHEHHS 3
BTpaTaMM), 10 MPU3BOAUTH JO MEBHOI BTPATH SKOCTI 3BYKY. IHIIN KOJeKkH 30epiraroTh
BCIO iH(opMallito (CTUCHEHHS 0e3 BTpaT), ajie MOXKYTh 3aiiMaTH O1JIbIIIE MiCIIs.

BaxnmuBo po3ymiTu pi3Hi anroputMu cTtucHeHHs, Taki sk MPEG, AAC, MP3,
FLAC rtomo. KoxkeH 3 ux anropuTMiB Ma€e CBOT MiepeBaru Ta HEJIOJIKH, SKi BIUTMBAIOTh

Ha SKICTh Ta 0OCST CTUCHEHHX ayI10JJaHUX.

1.2.4 AKTyasbHICTh BUKOPUCTAHHS 3BYKOBUX KOJCKIB

AKTyalbHICTh BUKOPHUCTAHHS 3ByKOBHX KOJICKIB ITOJISTAE B HACTYITHUX cepax:
1. MepexeBa nepenaya.

30epirands MyJIbTUMEIIMHUX JTAHUX.

OO6po0Oka 3ByKy.

MoOinpH1 TpUCTPOI.

R

Aynio- Ta BiJICOKOH(EPEHITIi.
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VY cydacHOMY CBITI, i€ CTPIMIHTOBI CEpBiCH, BICOKOH(EPEHIIIl Ta OHJIAHH-ITPH €
HOPMOIO, ayJIIOKOJICKH BIJIrPalOTh KIIOYOBY pOJIb Yy Tepefadi ayJaiofaHuX uepes
iHTepHeT. EdQekTuBHE CTHUCHEHHS [103BOJIIE 30€perTd BUCOKY SKICTh 3BYKY IIpH
MiHIMI3aIlli MPOMYyCKHOI 31aTHOCTI.

AyYIIOKOJIEKM TaKOX BHUKOPHUCTOBYIOThCS IS CTHCHEHHA 1 30epiraHHs
ayaiodailyiiB Ha IPUCTPOSAX 1 B XMAapHHUX CEpBicax.

VY cdhepi 00poOKH 3ByKY Ta My3UUHOT'O BUPOOHHUIITBA 3BYKOBI KOJIEKH J103BOJISIIOTh
IpaloBaTH 3 ayA10JaHUMH, 3MEHILYIOUYH 1X 00csAT 0€3 3HaUHOi BTPATH SIKOCTI.

3BYKOBiI KOJIEKH BHUKOPHCTOBYIOTHCS B cMapT(oHAX, HABYIIHWKAX Ta IHIIUX
MOOUTRHUX TMPUCTPOSAX JUIS ONTHUMI3alli TpocTopy s 30epiraHHs 1 Tmepeaadi
ayJlioJaHuX.

Kozaexu BUKOPUCTOBYIOTHCS /1715 3a0€3MeUeHHs SIKiCHOTO 3BYKY B TUTaTopMax Jjist
BIJICOKOH(EpEeHIIiH, /Ie BaXKJIMBO MaTH YUCTHH 1 peasliCTUYHUNA 3BYK.

Po3ymiHHS ayAiOKOAEKIB € BaKIMBUM €JIEMEHTOM, OCOOJHMBO SKIIO BOHH
CIIPSIMOBaH1 Ha PO3pPOOKY MporpaMHOro abo amapaTHOTO 3a0e3MnedeHHs i1 OOpOoOKHU Ta

nepenavl ayaiogaHuXx.

1.3 IIporec CTUCHEHHS JaHUX B ay10KOJIeKaxX

CtucHeHHST MJaHMX B aylioOKoAeKax - 1€ TMporec 3MEHIICHHsS 00cAry
aynioiHdopmarrii 3a JOMOMOTO0 PI3HUX METO/IB, IO T03BOJIsIE 30eperTy ayaiodaiin abo
ay110CUTHAJI 3 MEHIIIOI0 KITBKICTIO OaMT.

Ile mo3BOJSIE 3MEHIIUTH TMPOMYCKHY 3aTHICTh IS Tepenadl aymiolaHuXx IIo
Mepekax, 3aO0lIaJAUTH MiICIle Ha HOCIAX 1 3a0e3neuyuTH e(PEeKTUBHE BHUKOPUCTAHHS
pecypcis.

AyI10KO/IEKH BUKOPUCTOBYIOTH JIBA OCHOBHI THIH CTUCHEHHS JAHUX: 3 BTPATaMH
Ta 0e3 BTpar.

Ilin yac cTUCHEHHS 3 BTpaTaMu YacTHWHA ayjaioiH(opmallii BTpayaeTbes, 1100

3MEHIIUTHA 00CHT JIaHUX.
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[le#i MeTon MMPOKO BUKOPUCTOBYETHCSA B TaKUX ayaiokoaekax, sik MP3, AAC,
WMA Tta iHmmx. BOHM BUKOPHUCTOBYIOTH Pi3HI aJTOPUTMH, TaKli SK BHJIAJICHHS
HENoTpiOHMX (PparMeHTiB, MCUXOAKYCTUYHI MOJIEN] Ta 1HIII, 100 CTHCKaTH ayaio Oe3
3HAYHOI BTPATH SKOCTI1 JJIs OUIBIIOCTI CITyXadiB.

IlepeBarn Metoay: €(GEKTUBHHMM CTYIIHb CTUCHEHHS, J0OpE MiAXOIUTH IS
CTPIMIHTY Ta 30€piraHHsl My3HKHU Ha MPUCTPOSIX 3 0OMEKEHUM 0OCSATOM Ham'siTi.

Henouniku meTomy: BTpata SIKOCTi, 0COOJMBO MPU BUCOKOMY CTYNEHI CTUCHEHHS.
Agne st O1IBIIOCTI JIFO/IeH BTPATH HEMOMITHI 200 IPUMHATHI.

ITix yac cTucHeHHs1 6€3 BTpAT BCl ayaio/aHi 30epiraloTbCsi B TOYHOCTI 1 MOXKYTh
OyTH BIJTHOBJICHI B IIEPBICHOMY BUTJISIII.

CrucHeHHs 6e3 BTpaT BUKOPUCTOBYETHCS B TaKHX ayAiokoaekax, ik FLAC, ALAC
1 APE. Ile xopucHO B cUTyallisiX, KOJIM BaXKJIMBa BHCOKa SIKICTh 0€3 BTpaTu JaHUX,
HANPUKIIAJ, Y My3UUHIN CTYy/1i a00 apXiBHOMY CXOBHIII.

[lepeBaru Mertonmy: IToBHICTIO BiATBOpIOE OpUTiHANBbHY aynaioiHpopmaliio 0e3
BTPATH SKOCTI.

Henonixu meromy: ®aiinu 6e3 BTpaT 3a3BHUail 3aiiMalOTh OUJIbIIIE MICIIsI, HIK 1XHI
aHaJIOTH 3 BTpaTaMHu, 10 POOUTH iX MEHII MPAKTUUHUMU JIJIs1 30€piraHHsl Ha IPUCTPOSIX
3 00MeXEeHOI0 maM'sATTI0 ado AJis Mepeaadl yepe3 Mepexy 3 0OMEKEHOI0 MPOMYCKHOIO
3IaTHICTIO.

Bubip MiX CTHUCHEHHSIM 13 BTpaTaMu Ta 0e3 BTpaT 3aJI€KUTh Bl KOHKPETHUX
notped, AKI MOXKYTh BKIIIOUATH SIKICTh 3BYKY, OOCST maM'siTi Ta IIBUIKICTH Nepenadi

JTaHUX.

1.4 Turnm KonekiB

Icnye Gararo TUMIB ayai0KOAEKIB, KOXKEH 3 SIKUX Ma€ CBOI 0COOJIMBOCTI Ta chepH
3acTocyBaHHs. Hukdye HaBeA€HO KiJibKa THUMIB ayJI0KOJEKIB, SKI € TMOMYJSIPHUMH 1

IMPOKO BUKOPUCTOBYIOTHCS.
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MP3 (MPEG Audio Layer III). Tum: 3 BTparamu. 3actocyBaHHs: OmuH 3
HaWMmomuypeHimux GopmatiB 1Jis CTUCHEHHS ayi0. BukopuctoByeThes a1t 30epiranHs
MY3UKHU Ta ayJI0OKOHTEHTY Ha P13HUX MPHUCTPOSX.

AAC (Advanced Audio Coding). Tumn: 3 BTparamu.

YacTo BUKOPUCTOBYETHCA B Meliamieepax, cMapTPoHax, MOTOKOBUX IIaTPopMax,
Takux sik Apple Music 1 Spotify.

FLAC (Free Lossless Audio Codec). Tum: 6e3 BTpaT. 3abe3nedyye CTUCHEHHS 0e3
BTpAT, YaCTO BUKOPUCTOBYETHCSA B ayJlocHCTeMax i ayaiodiniB 1 Juis 30epiraHHs
apXiBHUX KOIii ayaiodaiiiis.

ALAC (Apple Lossless Audio Codec). Tum: 0e3 BTpar. 3acTOCyBaHHS:
Po3pobnenuii komnaniero Apple, BUKOPHUCTOBYEThCS B CEpEAOBHINAX, J€ BaXKIHBa
CYMICHICTB 3 IpoaykTamu Apple.

WAV (Waveform Audio File Format). Tun: 6e3 ctucuenns (6e3 BTpar) abo 3i
CTUCHEHHSM (3 BTpaTamu).

YacTo BHUKOPHCTOBYETHhCS [JIsi 30epiraHHS BHUCOKOSKICHUX HECTHCHYTHUX
aynio3anuciB. Takox Moke BUKOPUCTOBYBATHUCS 3 PI3HUMU KOJIEKaMU CTHCHEHHS.

Opus. Tum: 3 BTpatamu abo 6e3 BTpar. ONTUMI30BAHO IS BUKOPHUCTAHHS B
peXUMI peaslbHOTO Yacy, Harpukiaja, VolP, moTokoBoro Bifieo Ta ayiio yary.

Vorbis. Tum: 3 BTparamu. be3komTOBHUI KOAEK, KU BUKOPHUCTOBYETHCS Yy
Bijleoirpax Ta iHTepHeT-panio. Dolby Digital (AC-3). Tun: 3 Brparamu. I[lupoko
BUKOPDHUCTOBYEThCSI Ui KOAYBaHHA 3BYKy Yy Bigeodainax, DVD-muckax 1 Ha
tenebauenni. DTS (Digital Theater Systems). Tumn: 3 Brparamu. BukopuctoByerbest B
KiHOTeaTpax, JIOMaIllHIX KiHOTeaTpax 1 pi3HuX Mmemiamieepax. Monkey's Audio (APE).
Tun: 6e3 BTpaT. BUKOpUCTOBY€ETHCS NJIsi CTUCHEHHS ayaiodaiiniiB 6e3 BTpaTh SKOCTI.

Bubip KOHKpEeTHOro ay/ioKoJieKa 3aJIeKUTh BiJ] KOHKPETHUX MOTPEO, TaKUX SIK

AKICTh, pO3MIp (haility, mATPpUMKA TPUCTPOIB Ta THIIHMX (HAKTOPIB.
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1.5 Bimomi mporpamai cuctemHi OiOTIOTEKH M KOAyBaHHS Ta JIEKOJyBaHHS

ay110KOJICKIB

IIporpamna 6ibmioTeka - 1e HaOlp (QYyHKIIN 1 TpolEeAayp, SAKI MOXYTh OYyTH
BUKOPHCTaHI MporpamMamMu JUisi BUKOHAHHS MEBHUX 3aBJaHb 0e3 HEOOXI1AHOCTI MucaTH
KoJ 3 HyJs1. bi0ioTeka MiICTUTh TOTOBUN O BUKOPUCTAHHS KOJI, IKUW PO3POOHUK MOXKE
BUKJIMKATH y CBOIM IIpOrpami JJisi BUKOHAHHS IIEBHUX ONeEpaliil.

OCHOBHI MOHSATTSI, NOB'A3aH1 3 MPOTPaAaMHUMHU 010,110 TEKaMHu:

1. ®ynkuii. bibaioTeka MicTUTh (QYHKITT, SIKI MOKHA BUKJIUKATH 3 IPOTPaAMHOTO
koxy. OyHKIIIT BUKOHYIOTh [I€BHI 3aBJaHHSI 1 JO3BOJIAIOTh PO3POOHUKY BUKOPHCTOBYBATH
TOTOBHIA KOJT /TSI BAKOHAHHS TTEBHUX OTIEPAITii.

2. Metoau. TepMiH «METO/1» BUKOPUCTOBYETHCS, KOJIM MOBa ijie Ipo 00'€KTHO-
opieHTOBaH1 616110TeKu. MeTton - 11e PpyHKIIis, Ka aCOIIOETHCS 3 IEBHUM 00'€KTOM ab0
KJIACOM Yy MPOrpami.

3. Kiacu ta 06'extu. Jlesiki 610,110T€KH MOXKYTh BKJIIOUATH KJIacH Ta 00'€KTH, K1
HAJAI0Th CTPYKTYpYy [Jsl oprasizamii Koay Ta 3a0e3neuyioTh 00'€éKTHO-OpIEHTOBAaHUM
X1 A0 MPOTrpaMyBaHHS.

4. Iutepdeiicu. Intepdeiicu BHU3HAUAIOTH CMOCIO B3a€EMOJII MporpaMu 3
610mioTekoro. ko OibmioTexka Mae qoOpe BU3HA4YeHHM iHTepdelc, e moJeruye ii
BUKOPHUCTAHHS Ta IHTETPAIIilO B 1HIII IPOTrpaMHu.

5. Joxymenrauis. bibmioTeka 3a3Buuail CynpoBOIKY€ETbCA TOKYMEHTAIII€l0, SKa
MOSICHIOE, SIK BUKOPUCTOBYBATH Pi3HI (YHKINT Ta MeTOAu. JJOKyMeHTAalllsl BaXJIMBa ISl
PO3pOOHUKIB, sIKI BUKOPUCTOBYIOTH 010110TEKY.

6. Bepcii. bibmioTexkn MOXyTh MaTH pi3HI Bepcii, sIKi BKIIOYAIOTh BUMIPABICHHS
NOMMWJIOK, HOBI ()YHKIIIT Ta mOKpalieHHs. PO3poOHNKN OBUHHI BKa3yBaTH, SIKYy BEpPCIIO
010110TeKH BOHU BUKOPUCTOBYIOTb.

bi6bmorekn mnporpamMHoro 3a0e3MeueHHs HIMPOKO BUKOPUCTOBYIOTHCS IS

MOJIETILICHHS TIPOLIECY PO3POOKH MPOrPaMHOTO 3a0€3MEUCHHS Ta CIIPUSHHS TOBTOPHOMY
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BUKOPHUCTAHHIO KOJly. BoHM MOXyTh OyTH HamucaHi pi3HUMH MOBaMH MPOTrpaMyBaHHS i
HaJlaBaTH 3py4YHUH iHTepdEiC 1711 BUKOPUCTAHHS CBOIX (DYHKIIIH 1 METO/IIB.

JInst KomyBaHHS Ta JEKOMyBaHHS ay/liOKOJEKIB JIOCTYMHI pi3HI 0i0moTeKH,
3aJIeKHO Bl MOBU TporpamyBaHHs Ta 1atdhopmu. Huxkde HaBeneHo neski 3
HaWMOMIMPEHIMUX 010J110TEeK Il pO300py Ta AEKOIyBaHHS Ay 110KOJICKIB:

1. FFmpeg. Mosa: C. FFmpeg - ue mnoryxna O0i0mioreka ansi 0OpoOku
MYJIbTUMEAIMHUX JaHUX, SKa MATPUMYE IEKOyBaHHS, KOAYBaHHS, MEPEKOlyBaHHS Ta
MOTOKOBE TIepeIaBaHHs ayaio Ta Bifeo. [linTpuMye mmMpoKuii CIEKTpP ay110KOEKIB, 1110
pOOUTH 1i MOMYIIPHUM BHOOPOM ISl MYJIBTUMEIIMHUX MTPOEKTIB.

2. Libsndfile. MoBa: C. Libsndfile - 6i6miotexa C, npu3HadeHa ajisi poooTH 3
pizHuMu opmaramu ayaiodaini. Bona nmiaTpuMye untaHHs 1 3anuc ayaiodaiaiB ta
HaJla€ IPOCTUH 1HTepdeEc 11 1eKoyBaHHS 1 KOJyBaHHS ayai01aHUX.

3. Opus. Moga: C. Opus - 11e 6€3KOIITOBHUI ayJI0KO/I€K 3 BIAKPUTUM BUX1THUM
KOJZIOM, NpHU3HAYCHUH A1 €(PEeKTUBHOTO CTUCHEHHS Ta MOTOKOBOI Iepenadi ayJnio 3
HU3BKOKO 3aTPUMKOIO. BiH MIIXOAUTH AJISI MIMPOKOTO CHEKTPY 3aCTOCYBaHb 1 3a3BHYAM
BUKOPHUCTOBYEThCS 71 miepenadi rojocy uepes [P (VolP) ta cniikyBaHHS B peaJbHOMY
yaci.

4. Vorbis. Mosa: C. Vorbis - 11e mporpama 3 BiIKpUTUM BUX1THUM KOJ0M: Vorbis
- 11e OE3KOITOBHUM ayI0KOJCK 3 BIIKPUTUM BHUXITHUM KOJOM, PO3poOieHuit poHmom
Xiph.Org. Bin 3a0e3neuye BHCOKOSKICHE CTHUCHEHHS 3BYKYy 1  3a3BUYaid
BUKOPHUCTOBYETHCS JIsl TOTOKOBOT'O MOBJICHHS Ta IHTEPHET-Paio.

5. MPGI123. Moga: C. MPG123 - mBuIKHI Ta BUIBHO PO3MOBCIOIKYBaHUN
aymiokoaek: MPGI123 - ne mBujka, O€3KOIITOBHA, 3 BIJAKPUTUM BUXITHUM KOJOM
0i6mioTexka nexonepiB aymio y dopmari MPEG. Ilpusnauena mis JexoayBaHHS
ayniodaiinie ta moTokiB 'y ¢opmari MPEG 1 mupoko BHUKOPUCTOBYETHCA V
PI3HOMaHITHHX ayaioNporpamax.

6. AudioToolbox. Mosa: Objective-C (10S/macOS). AudioToolbox - e

cepenoBuie po3poOku Big Apple mis 10S ta macOS. Bin Brimouae APl mus
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JIEKOIyBaHHS Ta KOAyBaHHS ayAiodaiiniB, miaATpuMyouu pizHi ¢popmaty, Taki sk AAC,
MP3 Ta iH11m.

7. JavaZoom JLayer. Moga: Java. JLayer - 11e Java-6i6mioTexa 1ist 1eKO Ty BaHHS
MP3-¢aitnis. Bona nagae npoctuii API mist pobotu 3 ayaio nanumu y dopmati MP3 i
3a3BUYail BUKOPUCTOBYETHCS B Java-mogarkax, ki HOoTpeOyoTh (QYHKINT JEKO yBaHHS
MP3.

8. GStreamer. Mosa: C (3 mpuB'sizkamu aiia pizHuX MoB). GStreamer - 1e
MyJIbTUMEAINHNNA (PEeUMBOPK, AKUI MHiATpUMYye moOynoBy rpadiB aiasi 00poOku
MYJIbTUMEIIMHUX KOMIIOHEHTIB. J[0 HbOTO BXOJATH IUIATIHM JJIs PI3HUX KOJCKIB, SIKi
JTIO3BOJIAIOTH JIEKOTYBAaTH 1 KOJAYBATH ayaio Ta Bieo.

[Tpu BuGOPi 610I10TEKH CITiJ] BpaXOBYBaTH Taki (JaKTOPH, IK MOBa IPOrpaMyBaHHS,
Ky BH BUKOPHCTOBYETE, KOHKPETHI ayJlOKOJEKH, SKI TMOTPIOHO MiATPUMYBaTH, 1
JITEH31MHI BUMOTH JIJIs1 BAIIOTO MPOEKTY.

Takox mepeBipTe CyMICHICTh 3 LUJIBOBOIO IUIAT(HOPMOIO Ta PiBEHb MIATPUMKHU

CITIIHOTH 1040 II0OTOYHOI'O O6CJIYI‘OBYBaHH$[ Ta OHOBJICHB.

1.6 Bukopucranss ayioko/iekiB B cuctemax [HrepHery peueit (IoT)

Buxopucrtanus ayaiokozekiB y cuctemax Intepuery peueit (IoT) moxke Oytu
PI3HOMAHITHUM 1 BKJIFOYATH HACTYITHI aCIIEKTH:

1. 3BYKOBI CIOBIIIEHHS Ta TPUBOTU. AYI0KOJIEKH MOKHA BUKOPUCTOBYBATH ISl
BIITBOPCHHSI 3BYKOBHX CHUTHAJIB a0o0 croBimieHb. lle Moxke OyTH KOpPHUCHO IS
1H(OpMYyBaHHS KOPUCTYBaUiB PO Pi3HI Mol a0 cTaH MPUCTPOIO.

2. TonocoBi komManau 1 BignoBiai. BOymoBani cuctemu IoT MOXyThH
BUKOPUCTOBYBAaTH AayJIOKOJEKH JUIsi OOpOOKHM 1 pO3Mi3HaBaHHS T'OJOCOBHX KOMaH]I
KOpHCTyBaua abo Ui HaJaHHs TOJIOCOBUX BIAMOBIIEH.

3. MynpTuMeniitHi 10JaTKU. Y JESIKUX BHUIIAJIKaX, OCOOJUBO B MPUCTPOSAX IS
BIJIMOYMHKY a00 po3Bar, ayaiOKOJEKH MOXYTh BUKOPUCTOBYBATHCS JIsi BIITBOPEHHS

MY3UKH 200 1HIIOTO MYJBTUMEAIMHOTO KOHTEHTY.
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4. Tenedonis Ta Bineo3s's130k. Jeski mpuctpoi [HTepHeTy pedeid MOXYTh MaTH
MOXJIMBOCTI TenedoHli abo BiJEO3B'SI3KY, a ayIIOKOJEKH BUKOPHUCTOBYIOTHCS IS
00poOKwU 1 mepenayl ay1i0aHuX.

5. AHai3 3BYKOBHX CHUTHaJIB. Y Jeskux Bumagkax mnpuctpoi IoT MoxyTs
BUKOPUCTOBYBATH ayJIOKOJEKH JUIsl aHaNI3y 3BYKOBUX CHUTHAIIB, HANpPHUKIaA, s
BUSIBJICHHS IIIyMY, PO3Mi3HABAHHS TOJIOCY 200 MOHITOPUHTY 3ByKOBOT'O OTOYCHHS.

6. JlaTuuku Ty4yHOCTI Ta 3BYKOBI JaTUMKHU. Y NESIKUX J0JaTKaxX ayJ10KOIEKU
BUKOPHUCTOBYIOTHCS SIK UyTJIMBI JATUYUKH JUISI BUMIPIOBAHHS T'YYHOCTI a00 BHUSIBJICHHS
MEBHUX 3BYKOBUX MMATEPHIB.

7. CucteMH MOHITOPUHTY Ta O€3MEeKU. 3acCTOCYBaHHS ayaiOKOJCKIB MOXKE
BKJIFOUATH CHCTEMU MOHITOPUHIY Ta O€3MeKH, JIe 3BYyK MOxke OyTH BUKOPUCTAHHUM s
BUSIBJICHHSI HQI3BUYAMHUX CUTYyaIliii abo Mo/Iii.

8. Cucrtemu OIIHIOBaHHS MOBH. AYyIIOKOAEKH MOXYTb OyTH BHUKOPHUCTaHI AJIs
CTBOPEHHS CUCTEM OLIIHIOBAaHHS MOBH, SIK1 aHAITI3YIOTh SIKICTh 1 XapaKTEPUCTUKH BUMOBH.

BaxnnBo BpaxoByBaTH, 110 BUOIp ayiokojiekiB B cucteMmax loT moB'szanuii 3
0OMEXKEHHSIMU PECYPCiB, TAaKUX SK KUBJIEHHS, MaM'ATh 1 OOYMCIIIOBaJIbHA MOTY>KHICTD,

[0 MO’K€ BIUIMHYTH Ha BUOIP TOTO UM 1HIIOTO PIIIICHHS.

1.7 AXTyaJIbHICTh BUKOPHUCTAHHSI MIKPOKOHTPOJIEPIB JII CUCTEM [HTEepHETY peueit

(IoT)

MIKpOKOHTpOJIEpH 3aMIIAIOTHCA KJIIOYOBUMHU KOMIIOHEHTAMM ISl CUCTEM
[arepuety peueit (10T) 1 € akTyaabHUMH 3 KITBKOX IPUYHUH:

1. Hwuzbka BapTicTh 1 HEBETUKI po3Mipu. MIKPOKOHTPOJIEPU XapaKTEPU3YIOTHCS
HU3bKMMH BUPOOHUYMMU BUTpPATAMU 1 MATMMH rabapuTaMu, O pOOUTH iX 11eaTbHUMU
Ui BOYJIOBaHMX CHCTEM 3 OOMEXEHHMH pecypcaMu, LI0 XapaKTepHO uid 0araTbox

npuctpois loT.
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2. Huzbke crnoxuBaHHS eHeprii. barato MiIKpOKOHTpOJIEpIB ONTHUMI30BaHI IS
HU3BKOTO €HEPrOCHOKMUBAHHS, 1[0 € BAXKJIMBUM aCIEKTOM JUIsl 0€3IpOTOBUX MPUCTPOIB
[oT, siki MOKyTh MpaIioBaTu BiJ OaTapeil.

3. BOynoBani mnepudepiiiHi npucTtpoi. MIKpPOKOHTPOJEpPH YacTO MAarOTh
BOyZI0BaH1 nepudepiitHi mpucTpoi, Taki sk aHajgoro-mudposi neperroproBaui (ALII),
TaliMepu 1 KOMYHIKaI[iiiH1 iHTep¢elicy, 110 nojierurye ix interpaiito B cuctemu [oT.

4. Tligtpumka 6e3apoTOBOro 3B'sI3Ky. barato MiKpOKOHTpOJEpPIB MIATPUMYIOTh
pi3Hi O6e3mpoToBi TexHomorii, Taki sk Wi-Fi, Bluetooth, Zigbee, LoRa, mo pobuts ix
171eaTbHUMM JIJTs M AKTF0YeHHs 10 Mepex [oT.

5. Ilpocrora mnporpamyBaHHs. barato MIKpOKOHTpPOJEPIB MawTh J00pe
PO3BHHEHI 3ac00M pO3pOOKKM Ta CEepeloBHINA MPOTPaAMyBaHHA, SKI JO3BOJSIOTH
PO3pOOHKKAM JIETKO CTBOPIOBATH MPOTPAMHU JJIsl iX BUKOPUCTAHHS.

6. HasBHICTP  HmIMPOKOTO  acCOpPTUMEHTy. ICHye  Benuka  KUJIbKICTb
MIKpOKOHTPOJIEPIB PI3HUX BUPOOHUKIB, 110 J03BOJISIE PO3POOHUKAM BUOpATH MPUCTPIi,
KWW HalKpale BiJIMOBIIA€ iX KOHKPETHUM MOTpedaM 1 BAMOTaM ITPOEKTY.

7. ChpomieHHsT PpO3pOOKH MpOorpaMHOTO 3a0e3medeHHs. MIKpOKOHTpOJIepH
3a3BUYail BUKOPUCTOBYIOTHCS B IMIPOCTUX BOYIOBAHUX CUCTEMAaX, IO CIPOIILY€E PO3POOKY
nporpamMHoro 3abe3nedeHHs sl npuctpoiB [oT B mopiBHSHHI 3 OUIBII MOTYXHUMH
MIKpoITpoiiecopamMu abo MIKpOKOMIT FOTEPAMH.

8. MoxnauBocTi 3axucty Ta Oe3neku. Jleski MIKpOKOHTPOJEPH BKIIIOYAIOTh
3aXUCT BiJ aTak 1 MatoTh BOYJJOBaH1 IHCTPYMEHTH JIJIs 3a0€3MeUeHHs O€3eKH MPUCTPOIB
[oT.

9. Iupokuil CHeKTp 3acTOoCyBaHb. MIKPOKOHTPOJEPU BUKOPUCTOBYIOTHCS B
PI3HHX Tally3sX, TAKUX K aBTOMOO1IbHA, MEIMYHA, POMUCIIOBA, TOOYTOBA TEXHIKa Ta
1HIII1, TIIO0 JIOBOJUTH iX YHIBEPCAJIbHICTb.

Takum 4YUHOM, MIKPOKOHTPOJIEpU 3IUINAIOTHCA aKTyanbHUMU it cuctem [oT
3aBJSKMA CBOIM IepeBaraM B ONTHUMI3aIlil pecypciB, eHeproeeKTUBHOCTI Ta MiATPUMIII

0€3/IpOTOBOTO 3B'SI3KY.
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1.8 KepyBaHHs 3ByKOBUMHU KoZeKaMu Ha 0a3i MikpokoHTposiepa ESP8266

Jlnis peanizaiiii ynpaBiiHHS ayJiokonekamu Ha 0a3i mikpokoHTposepa ESP8266
CIOYaTKy HEOOXIJHO BHU3HAYUTHCh 3 KOHKPETHHM ayJ10KOACKOM, SIKMM IIaHYETHCS
BUKOPHCTOBYBATH, OCKUJIBKU P13H1 KOJAECKH MOXYTh BUMAaraTH pi3HUX MiIXO/IIB.

Opnak, 3araJibHUM MIOXiA [0 peajizalii YIpaBIiHHS ayJIOKOJIEKOM MOXeE
BKJIFOYATH HACTYITHI KPOKHU:

1. Bubip aymiokonexka. BuOepiTh 3ByKOBUH KOJEK, SKHH BIAMOBIJAE BaIIUM
BUMoOTaMm 1 MoxIBOCTsIM ESP8266. Haiinomupenin kojeku Bkiodarot PCM, 128 a6o
aHAJIOTOBUH ay/110BUXI].

2. IMigxmroueHHs 3BykoBoro kojeka 10 ESP8266. Ilepekonaiitecs, 110 3ByKOBHi
KOJIGK MPaBUJIBLHO MIAKIIOUEHUN 110 MikpokoHTpojiepa ESP8266 3a momomororo
HeoOximHux 1HTepdeliciB (Hampuknan, [12S a6o SPI g mudpoBux Koneki, abo
aHAJIOrOBl KOHTAKTHU ISl aHAJIOTOBUX KOJIEKIB).

3. IligkmaroueHHss Ta HalamTyBaHHS 3BYKy. BuxopuctoByiite SDK abo
dpeiimBopk uist ESP8266 niist HanamTyBaHHs MiIKIIOUEHHS Ta KOH(Irypauii 3ByKy. Le
MOK€ BKJIIOYATH BCTAaHOBJICHHS MPABWJIBHUX HaNAIITyBaHb (PO3JUIbHA 3/IaTHICTb,
4acTOTa JUCKPETU3AIII] TOIIO) SIS Ay JI0BUXOTY.

4. Po3pobka mporpaMHOTro 3abe3nedyeHHs s kepyBaHHs. Hanumnite nporpamue
3abesneueHHs aia ESP8266, sike 103BOJUTH BaM KepyBaTH ayioBuxojioM. Lle moxe
OyTH KOJI JIJ1s1 1HIIaTi3a1li, YuTaHHS Ta BIATBOPEHHS ayaiodaiiiiiB, BIAMOBI I HA KOMaHI!
KepyBaHHs, aHaJI13y ay/II0CUTHAJIIB TOIIIO.

5. OO0poOka 3ByKy. SKII0 HEO0X11HO, YBIMKHITH QYHKIIIT 0OpOOKH 3BYKY, TakKl SIK
eKBaJIaii3ep, IMIyMO3ariylieHHs a0o iHm eQeKTH B 3aJeKHOCTI B  Balioro
BUKOPHUCTAHHS.

6. TectyBanHs Ta HaynaromkeHHd. IIporectyiiTe cucremy, nepekoHanurTecs, 110
3ByK BHMBOJMUTHCA KOPEKTHO 1 BIJMOBIJIa€ BUMOTaM. 3a TOTPEOH BIIPETYJIOUTE

HaJlalllTyBaHHS.
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7. Inrerpauis B loT-mpoekt. InTerpyiite po3poOiene nporpaMue 3abe3neueHHs y
Bam loT-mpoekt. 3abe3rneure B3a€EMOJII0 3 IHIIUMH MOAYJAMH Ta (YHKI[IOHAJIOM
IPUCTPOIO.

8. 3abesmeueHHs Oe3nekyd Ta onTuUMizalis. BpaxoByiite nuTaHHsS O€3MEKH,
30KpeMa, SKIIO0 MPUCTPIM MIAKIIOYEHHH A0 1HTepHEeTy. ONTUMI3yHTe CBIM KO AJIs
epeKkTUBHOTO BUKOpUcTaHHS pecypciB ESP8266.

9. JloxymeHTarist Ta miaTpuMKa. JIOKyMEHTYHTe TIporpaMHe 3a0e3MeUYeHHs, SKEe
BU pO3p0oOJIsieTe, 1 HaJaBalTe MIATPUMKY 1HIIUM PO3POOHHKAM, SIKI MOXKYTh IIPALIOBATH
3 BaIllUM KOJIOM.

Ieit mporiec MoXke BIAPIZHATHUCS 3aJI€KHO BiJI KOHKPETHOTO KoJieKka, (hpeMBOPKY
a6o SDK, sikuii BU BUKOPHCTOBYETE, aji€ 3arajbHUN M1IX1]T 3TUIIAETHCS OJTHAKOBUM JIJIS

Oarathox ayzio pimeHb Ha ocHOBI ESP8266.

1.9 BucHoBok

VY 1poMy po3iiii Oyio peTeabHO PO3TISHYTO JAEKUIbKa BaXKJIUBUX MOMEHTIB, 11100
MPOSICHUTA 3HAYEHHS 1 IMOTEHIIMHI TepeBaru po3poOKH CHUCTEMHOTO IPOTPAMHOIO
3a0e3neyeH sl A1 MATPUMKA MyJIbTHMENla JIJIsl MIKPOKOHTPOJIEPHUX CHCTEM Ha 0a3i
ATMega328.

Po3pobka cuctemHoro mporpamHoro 3aoesnedeHHs ([13) mus migTpuMKH
MyJIbTUMEZ1a Ha MIKPOKOHTpOJIEpHUX cucTteMax Ha 6a31 ATMega328 moxke MaTH CBOE
3aCTOCYBaHHS Ta aKTYaJIbHICTh Y psifi ciieHapiiB. OIHAK CJIiJ1 BpaxOBYyBaTH OOMEXKEHICTh
peCypCiB IUX MIKPOKOHTPOJIEPIB, 30KpeMa B 00JacTi MaM'aTi Ta OOYHCITIOBAIBHHUX
MOXIMBOCTEH. Hukde M po3riistHEMO JIesKi BaplaHTH Ta CIICHapii, B SIKUX pO3poOKa
takoi SDR Moxe OyTH 10pedHoIO:

Po3po6ka SDR 1151 06po0ku ayaioaHuX MoXke OyTH aKTyalIbHOIO JJIsi CTBOPEHHS
ayJlI0MPOEKTIB, TAKUX K MPOCTI CUHTE3aTOPH, 3allUC ayJI0OCUTHAIIB, 3ByKOBI e(peKTH Ta

1HIII1 ayA10m0A10H1 T10JaTKH.
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Bukopuctanas ~ MIKpOKOHTpojepa Il  PO3POOKHM  TPOCTUX  MY3WUHUX
1HCTPYMEHTIB 200 CEKBEHCOPIB, JIe BaXKJIMBa 00pOOKa ay/110CUTHAJIIB.

[TinTpumka Bizyasizarii 3ByKy 3a JOTIOMOTOI0 CBITJIOZIONIB (HAIPUKIIA, PEaKIlis
Ha MY3HKY) MOe OYTH aKTyaJIbHOIO JIJIsl PO3BAYKATBHUX Ta MACTEIBKIX 1HCTAIIAIIIMN.

VY neskux BUMaAKax, KOJIM HEOOXiTHO 0OpOOJsATH a00 BUBOAUTH Ha JIUCILICH
BIJICOJIaHl, MOKHA PO3IJISIHYTH PO3pOOKY TMPOCTUX CHUCTEM, HANpUKIad, IS
BiIoOpakeHHs aHiMallii abo TeKcToBo1 iH(opMmartii.

Po3po6ka mpocTux 1HTEPaKTUBHHUX 1rOp a00 IrPOBUX MPOEKTIB, /1€ BAXKJIMBUMHU €
3BYKOBI1 a00 rpadiyHi €JIEMEHTH.

BapTto 3a3HaunTH, MO B Cy4YacHHX yMOBax s CKJIAJHUX 3aBIaHb B 00JacTi
MyJbTUMEAla Ha MIKPOKOHTPOJIEpaX YacTO BHUKOPUCTOBYIOTHCS OUIBII MOTYXHI
matdopmu, Taki sk ARM Cortex-M a0o 3acTocyBaHHS CIeliali30BaHUX YiMiB, SKi
MalOTh OUIbIIE pecypciB JUIsl TAKUX 3aBJIaHb.

Taxkum 9MHOM, aKTyaJbHICTh PO3POOKH CUCTEMHOTO MPOTPAMHOTO 3a0€3MEeUCHHS
JUIs MyJIbTUMeE1a Ha MiKpokoHTpoJiepax ATMega328 3aiexuTh BiJi KOHKPETHOT 3a7a4i
Ta BUMOT MPOEKTY, & TAKOK BiJ] TOTOBHOCTI MPAIIOBATH 3 00MEKEHUMH PECYPCaMU IIOTO

MIKPOKOHTpOJIEpa.
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2 OIIMC KOMIIOHEHTIB ITPOI'PAMHO-TEXHIYHOI'O 3ACOBY
KEPYBAHHSA 3BYKOBUMMUM KOJIEKAMM HA BA3I MIKPOKOHTPOJIEPA
ESP8266

2.1 SP8266Audio

bi6moreka Arduino, npu3HadeHa jis po300py 1 KO IyBaHHS ayi0daiiiiB, TaKUX
sk MOD, WAV, MP3, FLAC, MIDI, AAC i RTTL, nonermyroun BinTBOpeHHs Ha 125
I[IAIl a6o mporpamuo imiToBaHOoMy JenbTa-curma IIAIl 3 auHamiuHoro 32x-128x
NePeIUCKPETH3AIETO.

bi6moreka npononye noBuy miaTpumMky ESP8266 3 Bennkoro 3puiicTio, a TaKOX
3abe3rneuye 3HauHy miaTpumMky ESP32, BukoprcroByrouu sik oro BOynoBanuii [{AIl, Tak
1 3oBHimHI [TAIL.

JIJisi aBTOHOMHOTO CHHTE3y MOBH B pE€ajlbHOMY 4aci, PO3TJSIHBTE MOKIIUBICTb
Bukopuctanus ESP8266SAM. Ils 6iOmioreka, ska 0a3yeTbCcs Ha BHUINE3TaaHiN
010ioTell, BUKOPUCTOBYE CTapy MpoOrpamMy CHHTE3y Ha OCHOBI (OpPMaHTIB Jis
3a0e3reueHHs] MOBHUX MoxJiuBocter ESP8266, Bumararoum MiHIMaJIBHOTO 0OCSTY
nam'siTi 1 He MOTPeOyI0Ur MEPEKEBOTO 3'€ THAHHS.

[Tponenypu MOD 6yno orpumano 3 StellarPlayer, a nponieaypu MP3 - 3 libMAD.

Kon nexkomyBannss AAC B3sito 3 mpoekty Helix, minenzoanoro mnig RSPL Bia
RealNetwork. Jlyist komepIiitHOro BUKOPUCTAHHS BaM BCE OJHO 3HAJOOUTHCS JIIICH31S
AAC Big Via Licensing.

ESP32 mintpumye AAC-SBR, saxuii 6arato BeO-pamiocTaHIliii BUKOPUCTOBYIOTh
TS TIOJIAJIBIIIOTO 3MEHIIIEHHsI TPOITyCKHO1 31aTHOCTI. Ha sxanb, ESP8266 He nminTpumye
AAC-SBR 4yepe3 HeoCTaTHIO KITbKICTh BOY/IOBaHOI OIepaTUBHOI ITaM'sTi.

HexonyBannss MIDI pocsiraeTbcss 3a  JONOMOIOK0 CHJIBHO — aJIallTOBAHOTO
MIDITONES y noenHanHi 31 3HaYHO ONTUMI30BAaHUM 3a OOCSITOM mam'saTi mpudTom
TinySoundFont. binbin getanpHy 1iHGOpMAIiI0 MOKHA 3HANTH Y BIATIOBIIHUX BUX1THUX

daiinax.
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biomiorexku Opus, OGG ta OpusFile B3sTo 3 caiity Xiph.org, mineH30BaHo 3a
JIIIEH31€I0 Xiph, 3 JETATISIMUA [IATEHTIB MOYKHA 03HANOMHUTHUCS y
src/{opusfile,libggg, libopus}/COPYING.

HexomyBanHus Opus Hapa3i npairioe nuiie Ha ESP32 gepes fioro BUCOKi BAMOTH 710
nam'siti. st mpoekty Oysio Bukopucrano 616mioteky ESP8266Audio.

JIJ1st ToYaTKy MU MOBHHHI MMEPEKOHATHUCS, 110 BUKOPUCTOBYEMO Bepciro 2.6.3 abo
HoBimy O16mioTek Arduino s ESP8266, abo ocrtanmuio Bepcito ESP32 SDK Bia
Espressif.

2.2 BcraHOBJIEHHS

BcranoBiTh 6107110TEKy B KaTajaor

~/Arduino/libraries

mkdir -p ~/Arduino/libraries

cd ~/Arduino/libraries

git clone https://github.com/myP8266Audio

[lepeOyBatoun B IDE, Oyap nacka, Bubepits HacTymnHi omnuii Ha ESP8266:
Tools->IwIP Variant->v1.4 Open Source, abo V2 Higher Bandwidth

[HcTpymMenTu->Yacrora nporecopa->160MI '

2.3 Audiolnput

CrBopith mxepeno AudiolnputXXX, sike BkazyBaTUME Ha Balll BXIJIHHUM Gaii, 1
npuiiMay  AudioOutputXXX, skuit MoxkHa HanamrtyBaTH sk 12S, 12S-sw-DAC abo
«Serial WAVy mns 3anmucy WAV-gaiily 10 TOCHTIAOBHOTO MOPTY ISl MOAQIBIIOTO
BUKOPHUCTAHHS y Balllii CUCTEM1 pO3POOKH.

Kpim Toro, wmamamryite AudioGeneratorXXX mmsi JIeKoMyBaHHS BXiJHOTO

CUTHAJy 1 HaJICWJIaHHS HOTO Ha BUXIJ.
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[Ticas uporo Bam nmoTpiOHO BukIMKaTH QyHKLir0 AudioGeneratorXXX::loop() y
BaIllloMy OCHOBHOMY Ik loop() ouH abo AeKiJIbKa pasiB.

s pynkuis 3unTye HEoOX1IHI YacTHHH (ailny, 3anoBHIoe Oydepu I12S 1 HeraitHo
TIOBEPTAETHCS.

OCKIUIBKM 1LIEH TIPOIEC HE KEPYEThCS MEepepUBaHHAMM, JOBr BUKIMKU delay() y
BalIOMY KOJIl MOXKYTh CIIPUYMHHUTH 3aTPUMKHU TIPU B1ITBOPEHHI.

o6 yHUKHYTH 1ILOTO, 200 PO30MITE BENMKI 3aTPUMKH Ha MEHIII CETMEHTH 3
Bukimkamu AudioGenerator::loop() Mixk HUMH, a00 3MEHILITh YaCTOTY JUCKpETHU3aIlii,
11100 3MEHIIIUTH KIJILKICTh BI/IJIIKIB, HEOOX1THUX HA CEKYH]IY.

3BEpHITHCS 10 KaTaJIory MPUKJIIAIiB JiJisi 0a30BUX JIEMOHCTpAIIiil.

2.4 Kmacu AudioFileSource

AudioFileSource: Ile 06a3zoBuii kiac, sSKHMl peamizye NPOCTHUH «haIOBHI»
inTepdeiic, mocTymHMil Jmme IS unTaHHS. MOTO HEOOXiHICT BHMHHMKAe uyepe3
pI3HOMaHITHI peanizaiii (daitsioBux cucteM B Arduino, KOKHa 3 SKUX Ma€ CBO1 BJIACHI
yHIKaJbH1 aTpUOyTH.

BuxopuctoByroun 1m0 OOTropTKy, MOXKHa aOcCTparyBaTHCS BiJl CKJIaJHOIIIB
oKpeMux (¢alJoBUX CHCTEM, THUM camMuM crpomryroun AudioGenerator, sKui
MOKJIAIA€THCSI BUKITFOUHO Ha 111l MPOCTI (QyHKIIIT.

AudioFileSourceSPIFFS npusnauenuii ayis untanus ¢aiiis 3 paitioBoi cucremMu
SPIFFS y koHTpoepi.

AudioFileSourcePROGMEM npusHauenuii nisi yuTaHHs (ailyiiB 3 MacuBy
PROGMEM. V UNIX-cucremax i oTpuMaHHsS 0a3oBoro ¢GopmMary MoOKHA
Bukopucratu «xxd -i filemp3 > file.h». Ilicns mporo HeoOXigHO AOMATH «consty 1
«PROGMEM)» 110 3reHepoBaHOI0 MacUBY 1 BKIIOUUTH MOTO Y CKETY.

AudioFileSourceHTTPStream - 1ie peasizaitisi, 10 MOJETHIYE TPOCTE MOTOKOBE

yutanHs HTTP s notokoBoro MP3-tpancsiii tumy ShoutCast.
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Xoua BiH (YHKIIIOHATbHUM, BiH III€ HE MOBHICTIO BIIMOBOCTIHKMIA. binbiie Toro,
npu 44.1 xI['1; 128 GiT BiH MOKe 3aiKaTHCs yepe3 OOMEXKEHHs Mpollecopa, Xoua 3arajiom
MIPAITIOE 3a TPU3HAYCHHSIM.

AudioFileSourceBuffer - [Toasiitna 6ydepusairisi, kopucHa a1 HTTP-motokis.

AudioFileSourceBuffer ciyrye BxigHuM JpKepeniom, iK€ JOTOBHIOE BUXI1J Oyb-
sxoro iHmoro AudioFileSource mogatkoBum Oydepom B onepaTuBHii mam'sTi.

st pyHKIIIsT 0COONMMBO KOpHUCHA JIJIs CILIEHApIiB BEO-MOTOKIB, Je MmiATpuMKa 1-2
MAKeTIB y MaM'siTi Ma€ BUpIMIaJbHE 3HAYCHHS JIJIs1 3a0€3MeYeHHS TUTAaBHOTO BiITBOPEHHS
0e3 rnepeprBaHb.

[Ilo6 peanizyBaTu 110 (YHKIIO, CIOYATKy CTBOPITh CTaHIApPTHE JKEPEso
BX1JTHOTO (haiiiy.

ITotim cTBOpPITH Oydep 3 OpUTiHATBLHUM JKEPEIOM Ha BXoAi. Hapemri, mepenaiite
et Oydepuuii 00'eKT reHepaTopy.

Taxe HanamTyBaHHS rapaHTye HaJlexkHY Oydepusallito ayaioJaHuX, 10 MOKPaIye
SKICTh ITOTOKOBOTO TIEpeaBaHHs Ta MIHIMI3Y€ NIEpEPUBAHHS BIITBOPCHHS.

AudioGeneratorMP3 *mp3;

AudioFileSourceHTTPStream *file;

AudioFileSourceBuffer *buff;

AudioOutputl2SNoDAC *out;

// CtBoputt HTTP notik 3Bu4aitHuM 4nHOM

file = new AudioFileSourceHTTPStream(«http://your.url.here/mp3»);

// CtBopuTH Oydep 3 IbOTO MOTOKY

buff = new AudioFileSourceBuffer(file, 2048);

out = new AudioOutput]2SNoDAC();

mp3 = new AudioGeneratorMP3();

// TlepenaBatu *6ydep*, a He *http-moTik*, mo6 yBiMkHyTH Oydepuzariito
mp3->begin(buff, out);
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AudioFileSourcelD3 - ¢pineTp mapcepy motoxy ID3 3 kopucTyBalbkuM 3BOPOTHIM
BUKIIUKOM.

Ile#t xmac mpuiimMae Ha BX17 Oynb-skuii iHmmE AudioFileSource 1 ctBOproe
AudioFileSource, cymicHu# 3 Oyb-SKUM JEKOJEPOM.

Kpim Toro, BiH aBTOoMatuuHo BuUTATye ID3-term 3 MP3-¢daiinis. Bu noBuHHI
BU3HAYUTH (DYHKIIIIO 3BOPOTHOTO BUKJIMKY, siIka OyJie BUKJIMKATUCA MICHS ACKOIyBaHHS
TErIB.

Ile 103BOANTH BaM JUHAMIYHO OHOBIIIOBATH cTaH iHTep(elicy kopuctyBaya (Ul)
miero iHbopmariero. Jms OuIbIn meTanbHOi 1H(OpMAIi 3BEPHITHCS 10 MPHUKIATLY

PlayMP3FromSPIFFS.

2.5 Kimacu AudioGenerator

AudioGenerator € 6a30BUM KJIacOM JIsl BCiX jAekojiepiB (daitniB. Bin morpelye
o0'extiB AudioFileSource Ta AudioOutput ans oOTpuUMaHHS JaHUX Ta 3aIUCy
JIEKOJIOBaHUX 3pa3kiB BiAmoBigHO. [1[o6 3a0e3neuntn Oe3mepepBHE BIITBOPEHHS 0e€3
IPOMYCKiB, BUKIMKaNTe Horo ¢yHkiito loop() sikomora yacTiiie, mo0 MigTpuMyBaTH
OydepH HaIe)KHUM YMHOM 3alIOBHEHUMH.

AudioGeneratorWAV - nexoxaep, skuil yutae 1 BiaTBOproe (aiau dopmaty
Microsoft WAVE (\WAV) 3 pospsanictio 8§ abo 16 6it. AudioGeneratorMOD
MpU3HAYCHUN I YUTaHHS Ta BiATBOpeHHs ¢ainiB Amiga ModTracker (MOD). Jlus
00poOku umcinenHux 3uuTyBaHb SPIFFS, HeoOXimHHMX /Ui OTpUMAaHHA JOaHUX 3
HEOOPOOJIEHUX 3pa3KiB MpUiIaliB, PEKOMEHIY€EThCS BUKOPUCTOBYBATH TAKTOBY YacCTOTY
160 MI'. AudioGeneratorMP3 - mporpama st yuTaHHS Ta BIATBOpPEHHsS (ailiiB
dbopmary MP3 (.MP3) 3 Bukopuctanusm noproBanoi 6i0miorexu libMAD.

Jlns mmaBHoro jaekonayBanHs MP3-gaiimis 3 Oitpeiitom 128 Koit 44.1 KI'n

PEKOMEHYETHCS BUKOPUCTOBYBATH TaKTOBY 4acToty 160 MI'm.
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AudioGeneratorFLAC - nexoxaep, mo BiarBoptoe FLAC-¢aiinu 3a 10moMoror
noptoBaHoi 6i6moTteku libflac-1.3.2. 3a3zBuuait iiomy notpioHo 61u3sko 30 Kb mam'sri 1
MIHIMQJIBHHAH CTEK.

AudioGeneratorMIDI BHUKOpPHCTOBYE CHHTE3aTOp XBWJIHOBUX TaONMIL 1 BXiA
XxBUJIbOBHUX Ta0auib SoundFont2 nyst BiaTBopeHHst MIDI-(daitniB. Xo4a TeopeTUUHO BiH
MOke 00pobsiATH 10 16 0AHOYACHUX HOT, (PaKTHMYHA KUIBKICTH MOXE 3MIHIOBATHCS
3QJIEKHO BiJ mam'sti, HeoOximHoi mist cTpykTtyp SF2. AudioGeneratorAAC Bumarae
npubiau3Ho 30 Kb mam'siti 1 BiaTBOproe MoHO- abo ctepeo AAC-¢aiinu 3a J0IOMOTror0
nekonepa AAC 3 ¢ikcoBanorw komorw Helix. AudioGeneratorRTTTL mnpomnonye
HACOJIO/IPKYBaTUCSI MOHO(GOHIYHUMH 4-OKTaBHUMHU MeJoAissMu Ha BamoMmy ESP8266 3

Jy>K€ HU3bKMMHU BUMOT'aMH JIO [TaM'AT1 Ta MPoLecopa AJIsl BIATBOPEHHS MPOCTUX MEJIOIIH.

2.6 Knacu AudioOutput

AudioOutput € 6a30BUM KJIacoM Ui BCiX JpaiiBepiB BuBoAy. Bin 00pobiisie mo
OJIHOMY 3pa3Ky 3a pa3 1 nmopeprae true abo false 3anexHO BiJl HASIBHOCTI BIJILHOT'O MICIIS
y Oyepi. Sxmo moBepraetThes false, 00'exT, mo Bukimkan e kinac (AudioGenerator),
BIJIMTOBIIa€ 3a 30€peKEHHS JaHUX, K1 HE TIOMICTHIIMCS, 1 TOBTOPEHHSI CIIPOOH MMi3HIIIIE.

AudioOutputI2S € inTepdeiicom 1 npuzHaueHuit s Oyab-sikoro 12S 16-6iTHOrO
LIAIIL Bin nHancunae crepeo ab0 MOHOCUTHAJIM Ha BCTaHOBJIEH M yacToTi. [IpoTecToBano
3 [2SDAC Bix Adafruit 1 IJAIT Beyond9032 3 eBay, sixkuii Ha11if{HO TIpaIffo€ Ha 4acTOTi J0
44,1 KT'u. o6 BuxopuctoByBatu BHyTpimHii L{AIl na ESP32, incTaHiitoiTe e kiac
sk AudioOutputl2S(0,1).

AudioOutputl2SNoDAC - ne kiac, sxkuii BUKOpHCTOBYe iHTepdeiic [2S mus
BiaTBOpeHHs My3uku 6e3 LIAIl, epexTuBHO meperBoprotoun ii B aenbTa-curma LAII 3
nepearckpeTusaieo 32x abo Buile. BukopucroByiiTe HajjaHy cxeMy sl T AKITIOUEHHS

JMHaMiKa abo HaBYIIHMKIB 70 BUBOAY [12STx (Rx). 3anmexHo BiJi BUKOPHUCTOBYBAHOIO
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TpPaH3UCTOpa, BaM MOXKE€ 3HaAoOWTHCS Bil'eAHATH BHBLA Rx Big apaiiBepa nms
MOCJIIJOBHOTO 3aBaHTaXkeHHs. el iHTepdeiic miaTpumMye Juiine MOHO-BUXiI.

AudioOutputSPDIF  (excniepumentansuuii): Ille ommna inTepdeiic, saxuit
BUKOpHUCTOBY€E Tepudepiitai npuctpoi [2S nns mepenmaui 6itoBoro motoky S/PDIF,
3akogoBaHoro BMC. Jlna B3aemonii 3 npuiimadem S/PDIF moTpiben ontuuHmii abo
KOakciaJbHUM mnpuiiMady. BiH mnoBuHeH (yHKLUIOHYBaTH HaBiTh MpU 0a30BOMY
HaJalTyBaHHI 3 YEPBOHUM CBITJIOMIONOM 1 CTPYMOOOMEXKYBaJbHUM PE3UCTOPOM,
migkmouennM 1o kabemo  TOSLINK. Minimanera miATpUMyBaHa  9acToTa
nuckpetusaiii - 32 KI'u. 3aBasxku koayBanHio BMC ¢aktuuHa mBUAKICTE Mepeaadi
CHMBOJIIB Ha BUBOJI1 B 4 pa3u NEePEeBUIIy€E 3BUYANHY MIBUAKICTh Mepeaadl qanux 125, mo
MIBUJIKO BUCHaXye Oydepu mpsmoro aoctymy go nam'sti. AudioOutputSerial WAV:
3anucye ABIMKOBI JaH1 y ¢popmati WAV 13 3arojioBKaM J10 OCIiI0OBHOTO TIOPTY. SKIIO
BU 3aXOIUTE MMOCIITOBHUH BUB1A Y (haiisi, BU 3MOXKETE BIATBOPUTH HOTO y Ballliil CUCTEMI
PO3pOOKH.

AudioOutputSPIFFSWAYV - knac, sikuii 3anucye IBilKoBi naHi y ¢gopmati WAV
13 3arosoBkamu 10 (aitmoBoi cucremu SPIFFS. Ilepen BukimkoMm nepexoHanTecs, 1Mo
daiioBy cucremy 3MoHTOBaHO 1 3amymieHo SPIFFS. BukopucroByiite ¢yHKIIiO
SetFilename() nns Bubopy BuxigHOTO (ailily mepes 3amyCcKoM.

AudioOutputNull Bigkunae cemmum ao /dev/null. TlepeBaxkHO BUKOPUCTOBYETHCS
JUISL TECTyBaHHS IIBUAKOCTI, OCKUIBKM IITYYHO HE OOMEXYy€ BUXIJHY MIBUAKICTH
AudioGenerator, ockiibku Hemae OydepiB s 3anmoBHeHHs/3nmuBaHHA.[2S [[AITu. ¥V
MPOEKTI BUKOpUCTOBY€EThC miacuintoBanbanil LIATT Adafruit [2S +3W 1 3Buuaiinuii [IAIT

Ha 6a31i PCM5102. OcHoBHI BUBOIU TIpeCTaBiieHl B Tabymii 2.1.

Taomurg 2.1 - OCHOBHI BUBOIHU

12S pin Common label* ESP8266 pin
LRC D4 GPIO2

BCLK D8 GPIO15
DIN RX GPIO3
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HaBenena TyT KOJOHKa «3arajbHe MAapKyBaHHS» CTOCYETHCS  HIMPOKO
pO3MoOBCIOKeHUX aT 1 po3pooku NodeMCU ta D1 Mini. OgHak BapTo 3a3HAYUTH,
0 JesKi BUPOOHUKM MOXXYTh BHKOPHUCTOBYBATH PI3HI CXEMHU MIJKIIOYEHHS, TOMY

HaBeJICHI TYT MO3HAYEHHS MOXKYTh HE 30BCIM BIIIOBIIATH BaIlliii KOHKPETHINA MOJEI.

2.7 Adafruit 12S DAC 1 PCM5102 DAC

Ile manmamTyBaHHS € MPOCTUM 1 BUMAarae MmiaKIIO4YeHHs Jmie KoHTakTiB GND,
VIN, LRC, BCLK i DIN. Mu noBuHH1 nepekoHatucs, 1o Ha BuBig VIN nomano +5 B,
o0 MOCATTH MaKCHMajbHOI T'yyHOCTi. byno Bukopucrano pizHi Bepcii muiat LIAIL
PCM5102, 1, He3anexHo Bia hopm-(hakTopa, BCi BOHU MaJld OJHAKOBY po3BOJAKY. OKpim
camoro iHTepdericy 12S, Ha miaTi € AeKUIbKka KOHTAKTIB g KOHQIrypari BXOiB, SKi
HEOOX1THO MIKITIOYUTH:

O] ITipxirouits 3,3 B Big ESP8266 no VCC, 33 B 1 XMT.

O] IIipximrouite GND Big ESP8266 no GND, FLT, DMP, FMT 1 SCL.

) s ctanmaptHOTO iHTEpdeiicy 12S:

O ITipoxmrouite BCLK no BCK.

) Ilipxmrogits 12SO mo DIN.

CJ Ilipxmrouite LRCLK (WS) o LCK.

IcHye G6arato BapiaHTIB, 1 OLIBIIICTh 3 HUX MOBUHHI aJICKBaTHO MPAIOBATH 3 IIUM
koaoM 1 ESP8266. Kpim Toro, He 3a0yabTe mia'eqHaTH BCl HEBUKOpUCTaH1 Bxoau 10 GND
a0o VCC, gxmio 11e HeoOXI1IHO.

3anuIIeHHs BX1IHOTO BUBO/Iy TUIaBAIOUMM Ha Oy/b-sIKil IHTETpajIbHIN CXeM1 MOXe
MPU3BECTH 1O HECTablIbHOI pPOOOTH, OCKUIBKM BIH MOXKE BJIOBJIIOBATH IIIyMHU
HABKOJIMIITHBOTO CEPEAOBHIIA YePeE3 TYKE HU3BKY BXITHY EMHICTB, 110 IOTCHIIIHO MOYKE

CHPUYMHUTHU 3011 y BHYTPIIIHIX HAJAIITYBAHHSIX MIKPOCXEMHU.
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2.8 TIporpamue 3abe3neueHHs 12S Delta-Sigma DAC (To06TO BIATBOPEHHS MY3UKH

3 OJTHUM TPAH3UCTOPOM 1 TMHAMIKOM)

JUis ONTUMaNbHOI SAKOCTI 3BYKY, OCOOJMBO B CTE€PEO, PEKOMEHAYETHCS
iuBectyBatn B copapxkHid [2S IIAIl. Adafruit mpononye 4yymoBuii MOHO BapiaHT 3
niJcuiIIoBaueM, B Toi yac sik crepeo LIAIl 6e3 miacuiaroBaya MokHa 3HAUTH HEAOPOTO Ha
eBay a0o iHmux miargopmax.

OpHak, SIKIIO BY IIyKaeTe OOKETHE pillleHHs, IporpaMHuil Aensra-curma [{AIT
3 32-kpaTHOIO Mepeauckperusaiiero (1o 128-kpaTHoi, AKIIO A03BOJISE IMIBUAKICTD
nepeaavl ayaio) Bce OJHO 3a0€3MeUnTh 3a10BIIbHY SKICTh 3BYKY. JlJI IbOTO y BalioMmy
ko1 6yro Bukopuctano 00'ekt AudioOutputl2SNoDAC 3amicts AudioOutputI2S. Kpim
TOT'0, 3BEPHITHCS 10 HACTYITHOI CXEMM JJIs1 KEPYBaHHs IMHAMIKOM MOTYKHICTIO 2-3 BT 3a
nomnoMoror ogHoro Hegpopororo NPN tpansucropa 2N3904 1 pesucropa ~1K 2N3904
(NPN). Cxemy npucTporo noka3aHo Ha pucyHky 2.1. JIis mokpaiieHHs IpoyKTUBHOCTI
Takox OyJyio BKIOYeHO KoHjeHcaTop 220 Mx® mix USB5V 1 GND. Ile nonoBHeHHS
nornomarae BiaQUIbTpyBaTH OyAb-SKe MaJiHHS HAMpyTH, 10 MOXXE€ BUHUKHYTH IiJ] 4ac

BIITBOPEHHS BEJIMKOI I'YYHOCTI, CHIPUSAIOUM OUIBII TIJIaBHIN pOOOTI.

2N3984 (NPN)

+---m-m--- -
| | +- |
| E B C | /s
=|[==[== =0 | Pl
I B + E|
| | Al
ESP8266-GND -----------—--——-- + | #------ + K|
|| | E|
ESP8266-12S0UT (Rx) ----- FAVAVA S \ R|
| +- |
USB SV =-- - mmmmmmmmmmmmeeee oo +

Pucynok 2.1 — Cxema nipuctporo

ApkK.

KgsPKI. 20010. 20.01.01 I13 8

Bm. JApk. | Ne nokym. |ITignucPlara




SAxuo mxepeno 5 B na Bamiii momemi ESP  HenmoctymnHe, BU  MoeTe
BUKOpucTOBYBatU 5 B Bix mocnimoBHoro USB-agantepa a6o 3 B Bix ESP8266 (xoua 11e
MO’K€ IPU3BECTH JI0 3HIKEHHS BUX1AHOT TYYHOCTI).

Jy)xe BaxJIMBO HE Hamaratucs KepyBaTh AUHAMIKOM Oe3mocepenHbo 0e3
TpaH3uctopa. BuBonu ESP8266 He MOXyTh 3a0e3MeuuTH JOCTATHIN CTPyM IS
e(peKTUBHOTO YIIPaBJIiHHS HABITh HABYLIHUKAMHU, 1 cipo0Oa 3poOUTH 1€ MOXKE MPU3BECTU
JI0 TOUIKO/>KEHHSI BAIlIOro MPUCTPOIO.

Ochb MIKITIOYEHHS, SK TIOKa3aHO Ha PUCYHKY 2.2.

ESPB266-RX(I25 tx) -- Resistor (~1K ohm, not critical) -- 2N3984 Base

ESP8266-GND -- 2N3984 Emitter
USB-5V -- Speaker + Terminal
2N3984-Collector -- Speaker - Terminal

Pucynok 2.2 - IligkmodeHHs

VY monepeaHii Bepcii i€l cxemu Oyso npsaMme miakiarodeHHs ESP8266 no 6asu
TpaH3UCTOPA.

Xoua Taka cxema 3a0e3leuye MaKCUMaJbHY AaMmIUNTYJy, BOHa TaKOX MOXe
criokuBatu OuUThIME cTpyM Bijg ESP8266, Hixk Oe3neuHuid, 10 MOTEHIIHHO MOXKe
OpU3BECTH 1O TeperpiBy TpaHizucrtopa. B ocrannbomy Bumycky ESP8266Audio, 3
nporpamauM aAenbTa-curma I[AIl, BuBogu LRCLK 1 BCLK Temep goctymHi ais
BUKOPHUCTAaHHA B JI0JaTKaX. Bu MoxeTe BUKOPUCTOBYBATH 3BU4aiiHi (yHKIIT pinMode,

digitalWrite a6o digitalRead 3a 6axxaHHsM.

2.9 BucokouacToTHe T'yAiHHS 3a AOMOMOTO!0 cxemu 1-T

BaxxnuBo 3a3Haunty, mo miacwioBad 1-T He Moxke KepyBaTH OyAb-SIKUM THIIOM
nijacuioBada. Skmo koyoHka notpedye >kubienHs, USB-Bxomy, mMae miacBidyBaHHS,

Bluetooth a6o 6arapeto, ii He MOYKHa BUKOPUCTOBYBATH 3 I1€10 CXEMOIO.
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Buxig 1T Bupobinse nBiiikoBuii curnai 3 Hanpyroto 0 a6o 5 B, 6e3 Oyap-skux
NpoMiXKHUX PiBHIB. [lpu migkmrodeHHI Oe3mocepeaHbo J0 8-OMHOTO IarnepoBOro
IuHamika iHepuis audys3opa ai€ K QUIBTP HU3BKUX YacTOT, YCEPEIHIOIOUN MIUTBHICTh
IMITYJIBCIB U1l OTPUMAaHHS TJIAJKOrO aHajloroBoro Buxoay. OpHak, koiau Buxig 1T
MIJKJIF0YEHO JI0 TMICUIII0OBaYa, BIH YEPryeThCs MK 3a3€MJICHHSIM 1 TepeBaHTaKECHHSAM
BXOJIy OIEpaIifHOTO MiJCIIIOBaYa Ha BUCOKIM dacToTi. lle Moke BUKIMKATH A3BiH, a
OCKUJIBKHM OTIepalliiiHi MmiJCHUiIoBayl 3a3BM4Yail Mal0OTh BUCOKOYACTOTHY XapaKTEPUCTHUKY,
BOHU TI1JICWUTFOIOTh BUCOKOUYACTOTHHH IIIyM, 1110 IPU3BOIUTH 10 TYIHHS.

Ta > npobiieMa MOXK€ BUHMKHYTH 3 IT'€30JMHAMIKaMH, SIKI MalOTh Jy>K€ BHCOKY
YaCTOTHY XapaKTEPUCTHUKY 1 MPAKTUYHO HE MAIOTh 1HEPIIHHOCTI. [{e MoXke nmpu3BecTH 10
T'YJIIHHS] HA BUCOKUX 4acTOTaXx.

OnuuM 3 00XiAHUX HUIAXIB € miAgkiaoueHHs Buxoay 1T mo iabTpy HUBBKHX
4acToT, a OTIM MoJjaya CUTHAJTY Ha IiJICUITIOBAY.

Opnak, HAa JaHUM MOMEHT MOXe OyTH MpOCTilIe MPOCTO BUKOPUCTOBYBaTH 125
LIAII, saxuii 703BOJISIE YHUKHYTH X MpoOJieM 1 3a0e3meuye cTepeo 1 CrpaBxkHiil 16-
PO3PSTHHM BUXII.

2.10 Hanaromxenus cxemu 1-T miacuinroBaya

SIkio Bu 310pajiu MiACHIIIOBaY, ajie He OTPUMYETE KOAHOTO 3BYKY, TYT OMHCAHO
KOPHCHY TTOCIOBHICTh HAJIATOKEHHS JIJIs1 YCYHEHHS MPOOJIeMHU.

[TepeBipTe mpaBwibHICTh miakmrodeHHS. BucHoBku GPIO 1 miatu He 3aBkau
301raroThCs 1 MOKYTh 3HAUHO BIJPI3HATHUCA B pi3HUX Mapkax riat ESP8266.

Mu noBHHHI IEPEKOHATHUCS, 1110 TPAH3UCTOP MITKIIOYCHO MPABUIBHO. 3BEPHITHCS
1o cnenudikaiii KOHKPETHOrO THUIY KOPITyCY 1 epeKOHaNTecs, 0 BUBOAM M1 €IHAH]
NpaBUJIbLHO. 3BEPHITH YBary, 110 B I[bOMY KOPIYCl BUBIJ, SIKUW 3HAXOAUTHCS TOCEPEIUH1
OJIHI€1 CTOPOHU, € KOJIEKTOPOM, a HE 0a3010, IK MOXKHA OyJI0 O OYiIKyBaTH.

[TepexonaiiTecs, 10 MiXK KOJIGKTOPOM 1 €MITEpOM TpPaH3UCTOpa € MPUOIU3ZHO 5
BOJIbT. [logymaiite, un MIr TpaH3UCTOP OYTHU MOIIKOJKEHUH a00 MeperpiThii mij yac

nasiHHg 200 yepe3 HenmpaBUiIbHE MIIKIIOUYCHHS. 3a JOTIOMOTO0 MYJIBTUMETPA MepeBipTe
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NaJiHHS HalpyTH Ha A10A1 1M03a KOJIOM: Bif 0a3u 10 emiTepa 1 Bia 6a3u 10 KOJEKTOopa.
[Taminas Hanpyru Mae ctaHoBuTd Bijg 0,5 mo 0,7 BoabT. SIKIIO BiH 3aKOPOYCHHI,
BIAKPUTHI ab0 MPOBOAMTH CTPyM B 000X HampsAMKax, 3aMiHITh TPaH3UCTOp 1

NepeKoOHaNTeCs, 110 BiH MIIKIIOYEHUN MTPABUIIBHO.

2.11 Orrrnunanii Buxig SPDIF

PekomennyeTncst BUKOpucTOoBYBaTH ontuuHuil nepenasay TOSLINK, Hanpukiaz,
TOTXxxx. /{751 TecTyBaHHS BU MOXKETE CIIPOOYyBAaTH BUKOPUCTATH YEPBOHUHN CBITIIOA10]T
~660 HM 1 pe3uctop. Lle HamamTyBanHs moaiOHe 10 Bamoro 6a3oBoro mpoekty Blink 13

30BHIIITHIM CBITJIOI0/IOM, 32 BUHSATKOM TOT'O, IIIO CBITJIOJNIO0/ OJIMMAaTHME JICIIO IIIBU/IIIIE

(MantoHok 2.3).

ESP Pin ------- | R -
|
V LED
|
Ground ----------mmmeeeeoo +

Pucynok 2.3 — Scheme for LED

s ESP8266 3 uepBOHUM CBITI0/110/I0M (3 TIPSMUM MaaiHHAM Hanpyru ~1,9 B)
BaM 3Ha100UThCs MiHIMYM 150-oMHMIT pe3ucTop (1100 0OMEKUTH CTPYM MAKCUMYM [0
12 MA Ha BUBIiN).

Buxignuit BuBij dikcoBanuii i noBuHeH OyTtu niakmrodenuit 10 GPIO3/RXO0.

Ha ESP32 Buxigawii BUBII MOXXHAa HaJAIITyBaTH 3a  JOTMOMOTOIO

AudioOutputSPDIF(gpio num), 1110 3a6e3nedye O1IbITy THYYKICTh Y BUOOP1 BUBOTY.
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2.12 BukopuctanHus 30BHIIIHBKOI maM'sti SPI niist 30imemenns 0ydepa

Bbyno peanizoBano kiac ais nosermends Bukopuctanas 23L.C1024 SPT RAM Bin
Microchip sik BxigHOro Oydepa. s Mikpocxema migkimrodaeTbes 10 nopty ESP8266
HSPI i1 3abe3neuye 3Haunuit Oydep A 3MEHIIEHHS 3aTPUMOK IPU BIATBOPEHHI
MOTOKOBOTO BeO-KOHTEHTY. [loTouHa Bepcisi A03BOJIsiE BUKOPUCTOBYBATH CTaHAAPTHUIM
anapatHuii CS (GPIO15) abo Oyab-sikuil 1HIIWNA BUBIA 3a JOMOMOTOI MPOrPaMHOIO
3a0e3MevyeH s, X04a 1 3 €U0 3HWKEHOI0 MPOAYKTUBHICTIO. Hikue HaBeeHO mpuKiaj

CXEeMH, 110 UTIOCTpPYE 1€ HasmaimTyBaHHs (PucyHok 2.4).

2.13 Buxopucranus SD-kapt 1 ESP8266Audio

Wemos SD card shield BukopucroBye GPIO15 sik Bubip mikpocxemu SD. Ile
cTBOpIo€ npobsiemy, ockinbku GPIO15 takox npuznaueno a1 [2SBCLK 1 Bin mpairtoe,
HaBITH SKIIO BU BUKOpHCTOBYeTe omiito NoDAC. o6 BupimmTH mio npobiemy, HaMm
noTpiOHO 3MiIHUTH BUOIp MikpocxeMu (CS) Ha 1HIINI BUBIA 1 BIANOBIAHO OHOBUTH Ballly

nporpamMmy. [Ticns LIbOI'0 HAJIAIITYBAaHHA Ballla CUCTEMA ITIOBMHHA IIPAalOBATHU ITPABHUJIBHO.

2.14 IlopTyBaHHS Ha 1HIII MIKPOKOHTPOJIEPH

[Tpouenypu AudioGenerator He MictaTh crienugiuyHoro aus ESP8266 kony, mio
pOOUTH MEpPEHECEHHs] Ha 1HII KOHTPOJIEPH BITHOCHO MPOCTHUM, 32 YMOBH, 11O BOHHU
MaloTh TaKy caMmy €HJIaHHICTh, SIK 1 SApo Xtensa, M0 BUKOPUCTOBYETHCS. SIKIIO MU
PO3IIIsIIa€EMO MOKIIMBICTh IOPTYBAaHHS HA IHIIMKA KOHTPOJIEP, HE COPOMTECS 3BEpTaTUCS
70 MeHe. MOXIIMBO, 5 3MOXY 3alpONOHYBaTH PEKOMEHMAIIll, SKi JOIMOMOXYTh BaM y

IIPABWJIBHOMY HAIPSMKY.
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LN
ModeMCIU_V1_ESP1ZE

2.15 BucHoBOK

1 {3 2y vin |20
2 anD GhD 29
3 fx RST |28
4 IAx EMEL
5 {ha 3.3y | 2E
E o7 GND |23
7 Ine cLi| 24 l_
B Ins soo 2
8 fanD cMmo 22
10 15 2y sp1 |2
LU ¥ soz| 20
12 Jng spaHE
13 Inz ASV(Dont Us=) 1B
14 Iny REV(Dant Uss) 17—
15 oo anHE
ModehMCLU
Uz
Z3LC1024-1SN
B leck
3 SISO
= 508101
3 |0z
! |HOLDSIO2
| Lcs
- 8 fyce ussi—_l_

Pucynok 2.4 — IIpuHuumnosa cxema

Y upoMy po3aull HaJaHO BUYEPIHHUM OIS KOMIIOHEHTIB, IPOrpPamMHOTrO

3a0e3meueHHs Ta TEXHIYHUX 3ac001B, HEOOX1THUX IS KEPYyBaHHS 3BYKOBUMHU KOJEKaMHU

3a J0moMorow MikpokoHTposiepa ESP8266. Po3min posmnouaBcst 31 3HaloMcTBa 3

oi6morexkoto ESP8266Audio, BHUCBITIIEHHS 1ii poJii Ta 3HA4YEHHS B YMPaBIiHHI
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https://github.com/earlephilhower/ESP8266Audio/blob/master/examples/StreamMP3FromHTTP_SPIRAM/Schema_Spiram.png

aymioonepamisimu  Ha 1atdopmi  ESP8266. Hagano neranmpHi iHCTpYKIii 3
HajamTyBaHHs cepenouina ESP8266Audio, 11106 kopucTyBayi MOTJIU JIETKO PO3MOYATH
cBoi mpoekTu. byno moscHeHno pi3Hi kiacu, Taki sk Audiolnput, AudioFileSource,
AudioGenerator 1 AudioOutput, 3 akIIeHTOM Ha iXHIX (YHKIIOHAJIbBHUX MOXJIHUBOCTSX 1
B3a€EMOJIIT IS TIOJICTIIEHHS OOpoOKu ayaio. bylio po3riasHyTo 1HTErpaiiro Ta
BUKOPHUCTAaHHA pI3HUX Ludpo-aHaioropux mneperBopioBayiB (LJAIl), Bkmrouaroun
Adafruit 12S DAC ta PCM5102 DAC. 1li KOMIIOHEHTH MalOTh BUPIIIAJIbHE 3HAYCHHS
JUI TIEPETBOPEHHS UU(POBUX ayAlOCHUTHANIB B AaHAJIOTOBI CHUTHAJIM, $KI MOXHA
BIITBOPIOBATH 4Ye€pe3 KOJIOHKU. Y PO3AUT PO3MISTHYTO peai3allito mporpamHoro 12S
Delta-Sigma DAC, skuii [103BoJisIE BIATBOPIOBATH MY3HMKY, BUKOPHCTOBYIOUH
MiHIMaJIbHE O0JIaIHAHHS, @ caMe: OJMH TPAH3UCTOP 1 AMHAMIK. TaKuii X1 IeMOHCTPYE
YHIBEPCAJIBHICTh Ta €KOHOMIYHY e(deKTHUBHICTh MikpokoHTpoJjiepa ESP8266 B aymio
nojnatkax. bynu HamaHi MpakTU4HI PIIEHHS AJI1 MOUIMPEHUX Mpo0JieM, TaKuX SIK
BHUCOKOYACTOTHE TYJIiHHSA 3a jgomomoror cxemu 1-T 1 Hamaromkenns cxemu 1-T
M1JICUITIOBaYa, 110 3a0e3MeUnTh OUIBII IJIABHUHN MPOIEC pO3pOOKH 1 po3ropTaHHs. bynu
00OroBOpeHi Taki CKJIaaHI TeMH, ik onTuuHui Buxig SPDIF 1 BUkoprcTaHHs 30BHIIIHBOT
onepatuBHOI aM'sTi SPI 1151 3611bIIEHHS pO3MIpiB OydepiB, 110 T03BOIMIO OTPUMATH
YSBJICHHSI TPO TOKPAIEHHS 3BYKOBUX XapaKTEPUCTHK 1 PO3MIMPEHHS MOXKIMBOCTEH
ESP8266. byno posrnsnyto Bukopuctanus SD-kapt 3 ESP8266Audio, mo go3Bossie
MPAIIOBATH 3 BEJIMKUMU ayiio(daiiiaMu 1 pO3IIHPIOE EMHICTD MTaM'aTi MIKPOKOHTPOJIEPA.

VY po3aiiii TakokK po3rsSHYTO oTeHian nepeHecenns ¢pyHkuin ESP8266Audio na
1HII MIKPOKOHTPOJIEPHU, MIAKPECICHO aAalTUBHICTh 1 MAacIITa0OBAHICTh PO3IIISIHYTUX
MeToAiB. Po3rismaroun 1i KJIFOYOBI MUTAHHS, IVIaBa HaJa€e poO3pOOHMKAM 3HAHHS Ta
IHCTPYMEHTH, HEOOXITHI Ui e(PEeKTUBHOTO KEpyBaHHsS 3BYKOBUMHU KOJEKaMHU 3a
nonoMoror MikpokoHtposiepa ESP8266. YHiBepcallbHICTh 1 HaIHHICTh TIaTHOpPMU
ESP8266 y moennaHHi 3 qeTanbHUM KEPIBHUIITBOM BiJKPUBAIOThH MUISIX 10 CTBOPEHHS

IHHOBAIIMHKUX Ta €()eKTUBHUX ay10/I0AaTKIB.
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3 PEAJIIBALISA IMPOT'PAMHO-TEXHIYHOT'O 3ACOBY KEPYBAHHSA
3BYKOBUMHU KOAEKAMMH HA BA3I MIKPOKOHTPOJIEPA ESP8266

3.1 [Iporpamua peani3zaitis

[Tporpamna peanizailis BKJIO4ae B ceOe psij 3aroyioBHUX (aiiliB Jjis peanizaliii
MPOTPAMHO-TEXHIYHOTO  3aco0y  ympaBiiHHA 3BYKOBUMHM KOJE€KaMu Ha  0asi

MIKpOKOHTposiepa esp8266. Po3risiHemo ix.

3.1.1 Peamizais 3aromnoBroro (aitry AudioFileSource

AudioFileSource - 1me O06a3zoBmili kjac BXigHOTO «dalmy», sKuaid Oyae
BukopuctoByBarucsa AudioGenerator.

Hapenenuii xon BusHauae kiac AudioFileSource, sikuii cinyrye aOCTpakTHUM
0a30BUM KJIacOM JJisi KepyBaHHs pKepenamu aymaiodainis. lleit kmac namae HaOip
BipTyabHUX (DYHKIIIH, SIKI MOXKYTh OyTH peaaizoBaHi MOXITHUMH KJIacaMu JIJIsi 00pOoOKH
pI3HUX omepalliii 3 aymiodaiaamu.

KimrouoBi kommonentn Ta ¢yHKHioHadbHICTH Kiacy AudioFileSource e
HACTYITHUMMU:

1. KoHcTpyKTOpHU Ta IECTPYKTOPH:

- AudioFileSource(): Konctpykrop 3a 3aMOBUyBaHHSIM.

- ~AudioFileSource(): BipryansHuii 1ecTpyKTOp.

2. Omneparii 3 aygiodaiinamu:

- open(const char *filename) BinkpuBae Bkazanuit ayaiodaiin.

- read(void *data, uint32 t len) untae gaHi 3 BiIKpUTOTO aymiodaiiry.

- readNonBlock(void *data, uint32_t len) yutae mani 3 Biakpuroro aymiodaiiny y
HeOJIOKYOUH crocio.

- seek(int32 _t pos, int dir) mykae neBHy MO3UILIIIO Y BIAKPUTOMY ayaiodaiii.

- close() 3akpuBae BiIKpUTHH aymiodaiin.

- isOpen() nepeBipsie, 41 Hapa3i BIAKPUTO ayaiodaiin.

ApkK.

KgsPKI. 20010. 20.01.01 I13 35

Bm. JApk. | Ne nokym. |ITignucPlara




- getSize() moBepTae po3Mip BIAKPUTOTO ayniogaiiy.

- getPos() moBepTae MOTOYHY MO3UILIIO Y BIAKPUTOMY ayaiodaii.

- loop() mepeBipsie, un MOTPIOHO BIATBOPIOBATH ayAio(ails y HUKJI.

3. Peectpaliist 3BOpOTHOTO BUKJIHKY:

- RegisterMetadataCB(AudioStatus::metadataCBFn fn, void *data) peectpye
(YHKIIIF0 3BOPOTHOTO BUKJIUKY JIJIs1 0OOpOOKH MO/ii METaJaHuX ayio.

- RegisterStatusCB(AudioStatus::statusCBFn fn, void *data) peectpye dyHKIit0
3BOPOTHOTO BHKJIMKY i1 0OpOOKH TOi¥ CTaHy ayio.

Kinac AudioStatus BUKOpUCTOBY€THCA 171l KEPYyBaHHSI METAIaHUMHU Ta (QYHKIISIMU
3BOPOTHOTO BHUKJIUKY cTaHy s kiacy AudioFileSource. Bin Hamae meromm mis
peecTpairii GyHKITi# 3BOPOTHOTO BUKIIMKY Ta 0OPOOKH BIMOBITHUX MO/,

VY 3arojoBHOMYy (aiiii NpeACTaBICHO CTPYKTYpy Ta B3a€EMO3B'S3KM KJacCy
AudioFileSource 1 moB's3aHMX 3 HUM KOMIOHEHTIB. Jliarpama MICTUTh JeTalbHI
MOSICHEHHST JIJI1 KO’KHOTO 3 METO/IIB KJIacy, BUCBITIIIOIOUH 1X MIPU3HAYCHHS, TApaMETPH Ta
3HAYEHHS, 110 TOBEPTAIOTHCSI.

Jliarpama opraHizoBaHa B €IMHY Jlarpamy kjaciB, ae kiac AudioFileSource €
rojoBHUM KommoHeHToM. Kiac AudioStatus mokazaHo sSK OKpEeMH KOMIIOHEHT, 3
BIIHOIIIGHHSIM Komro3uilii 1o kiacy AudioFileSource, mo Bkazye Ha Te, IO Kiac
AudioFileSource BukopuctoBye kinac AudioStatus /iyt kepyBaHHsSI CBOIMH 3BOPOTHHUMU
BUKJIMKaMHU.

[lpumiTku, nomaHi 10 PI3HUX METOJIB, HANAIOTh CTUCHI Ta i1H(OPMATHUBHI
NOSICHEHHS, 100 JTOMOMOITH KOPUCTYBayeBl 3pO3yMITH (YHKIIOHATBHICTH KOXKHOTO
xoMroHeHTa y kiaci AudioFileSource.

Ocs neranbHUi 3ar0IOBHUM (haiiil 3 MOSCHEHHSIMU 710 HalaHoTo Kony: Hananuit ko
CKJIaJIAa€ThCS 3 JICKUIBKOX KJIACiB, sIKi peanizyioTh iHTepdeiic AudioFileSource, koxeH 3
SAKUX Ma€ BJIaCHY (PYHKIIOHAJIBbHICTh Ta MPU3HAYCHHS.

Knac AudioFileSourceBuffer namae OydepuzoBanmii iHTepdeic nis 4YuTaHHS
nanux 3 0azoBoro AudioFileSource. Bin miarpumye BHyTpilHii Oydep 11 ontumizanii

orepaliiif YuTaHHs Ta 00pPOOKHM MOTEHIIMHUX YMOB HETIOBHOTO 3arioBHEHHA. bydep moxe
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OyTH BUIIJICHUM TUHAMIYHO a00 HAJaHUU SK MONEPEIHBO BHUILICHHM Oydep mam'ari
IPOrpamoro.

Knac miarpumye nomyk y 6ydepi ta 6azoBomy AudioFileSource.

Bin Takox Hajae MeTou AJ1sl IEPEBIPKHU PiBHS 3alI0BHEHHS Oydepa Ta 3aluKIeHHS
6azoBoro AudioFileSource.

Knac AudioFileSourceFS wnamae peamizarito intepdeiicy AudioFileSource ms
yuTaHHs GaiiiB 3 ¢painoBoi cuctemMu (Hanpukiai, dpainoBoi cuctemu SPIFFS ado FAT).

Bin inkancymoe cnenudivni 11 ¢paiaoBoi cucTeMu onepaiii, Taki sk BIAKPUTTS,
YUTAHHS, MMOIITYK Ta 3aKpUTTsI (aiJIiB.

Kitac Mmoxe OyTu iHIIIaII30BaHO KOHKPETHUM €K3eMIUIIPOM (DailyioBOi CUCTEMHU
abo iM'sim dailiy ams 6e3nocepeIHbOTO BIAKPUTTSA (haidiy.

AudioFileSourceFunction reHepye aymiojlaHi «Ha JIbOTY» Ha OCHOBI HaJaHUX
KOpHUCTyBaueM (PyHKIIIH 3BOPOTHOTO BUKJIHKY.

Bona BcranoBmoe WAV-3arojoBok 13 3aJaHUMHU [apaMeTpaMu 3BYKY
(TpUBaNiCTh, KaHAJIM, YacTOTAa JMCKPETH3allli, pO3pSAIHICTh) 1 TeHEepye ayaiojaHi 3a
JIOTIOMOTO10 HaJlaHUX (PYHKII1i 3BOPOTHOTO BUKIIUKY.

Kiac miarpumye nogaBaHHs OiHi€l a00 AEKIJIbKOX (DYHKI[IH 3BOPOTHOTO BUKIIUKY,
K YHIKQJIbHUX JJIS1 KOKHOTO KaHaTy, TaK 1 CIIUJIbHUX JJIs1 BCIX KaHAIIIB.

Bin Hamae mMeToau A1 YMTaHHS 3T€HEPOBAHUX ayJliOfaHUX, MOIIYKY B ayJio Ta
OTpUMaHHS 1H(OPMAIIii MPO 3reHEepPOBaHi ay101aHi.

Kmac  AudioFileSourceHTTPStream  wamae  peamizamito  iHTepdeiicy
AudioFileSource nmna uwuranHs aymioganux 3 HTTP-notoky. Bin iHKancymoe
¢dbynkuionansHicTh HTTP-Kili€HTa, BKIIIOYAIOUM BIAKPUTTSI OTOKY, 3UMTYBAaHHS JTAHUX
Ta 00poOKy po3puBiB 3'enHanHs. Kitac miaTpumye moBTOpHE 3'€THaHHS 3 TOTOKOM Y pasi
PO3pUBY 3 MOXKJIMBICTIO HaJIAIITYBaHHS KUIBKOCTI MOBTOPHUX CHpoO 1 3aTpuMKU. Bin
HAJa€ METOAM JUIsl YUTaHHS JTaHUX 3 TMOTOKY, K y PEeXHMi OJOKyBaHHS, Tak 1 0e3
OJIOKyBaHHSI, @ TAKOXK JIJII OTPUMaHHS 1H(OpMAIIli Ipo MOTIK, HATPUKIIA, HOTO PO3MIp
Ta MOTOYHY Mo3uIlito. Daii 3arojJoBKa HaIa€ eTaIbHE Bi3yallbHE MTPEICTABICHHS JIOTIKH

Ta QPYHKI[IOHATHHOCTI KOKHOTO 3 X KiaciB. [ligrpadu npencraBistoTs pi3Hi KacH, a
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BEPIIMHU y KOXKHOMY MiArpadi BiANOBIAAIOTh KIIOYOBUM METOAAM Ta OMEpalisiM, IO
BUKOHYIOThCS KilacoM. [losicHeHHs, HamaHi TMOpsSA 3 €JIeMEHTaMHu Jiarpamu,
JOTIOMAaraloTh 3pO3YMITH TPHU3HAYEHHS 1 TOBEAIHKY KOXXHOTO KOMIIOHEHTa KOy,
MOJICTIIYIOUM KOPHUCTYBAu€Bl PO3YMIHHS 3arajlbHOi CTPYKTYpH 1 (PYHKIIOHAJIBHOCTI

peanizaiii mxepen ayaiodaitnis. biiok-cxeMy aaropuTMmy Moka3zaHo Ha pUCyHKY 3.1.

Ilouarox

THimiamsarisa Kiacy
AudioFileSource()

Bigkpurra daitmy
open(const char
*filename)

Y patin
BIAKpUTHI
? 1s0Open()

Hi

Tak

MNepemiweHHA no
danny seek(int32_t ®Daiin He BIAKPUTHIT
pos, int dir) 3aBepIeHHA

3akpuTTa daunny
close()

Peectpauin konbekis
RegisterMetadataCB
(fn, data)
RegisterStatusCB(fn,
data)

Kigens

Pucynok 3.1 - Biok-cxema anroputmy
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3.1.2 Peamnizaris 3aroioBsoro ¢ainy AudioFileSourceBuffer

VY koxi peanizoBano kinac AudioFileSourceBuffer, skuit Bukonye pons Oydepy as
ayniodainy, Ipu3HaAYeHOTo I BiATBOpeHHs. BiH 3a0e3neuye eeKTUBHUI TOCTYI 10
ayJl0/laHuX, 3SMEHILYIOUH KUIbKICTh 3UUTYyBaHb 3 OCHOBHOTO JIXKepesa 3BYKY.

Knac npononye n18a KOHCTPYKTOPH AJISl THYYKOCTI:

Onun mpuiimae 06'ekt AudioFileSource 1 po3mip Oydepa sk mapametrpu. Lle,
HMOBIPHO, CTBOPUTH HOBUH Oydep 11 30epiraHts ayaioJaHuX.

[Hmuit mpuiimae 06'ext AudioFileSource, Bka3iBHUK Ha HassBHUI Oydep 1 po3Mip
Oydepa sk mapametpu. Lle 103BOIsIE BUKOPUCTOBYBATH NONIEPEAHBO BUALIEHUH Oydep.

Kiac MicTUTh JeCTPYKTOp I IPaBUILHOTO 3BUTHHEHHS MMaM'siTi, BUAUICHOT IS
oydepa.

@OyHKII1, 10 HAAAIOTHCS KJIACOM, €:

- Seek no3Bossie TepeMilyBaTH TMO3MINII0 BIATBOPEHHs y ayaiodaii Ha OCHOBI
PI3HUX PEXHUMIB MOIIYKY (HANpUKIad, MEPEeMIIICHHS Ha MEBHY KUIbKICTh OaMT BIiepes
a0o Ha3an).

- Close 3akpuBae Kepesio 3ByKy, HMOBIPHO, 3BUIBHSIIOUM BC1 peCypcH, MOB's13aH1 3
HUM.

- 1sOpen niepeBipsie, UM BIAKPUTO HKEPETIO 3BYKY.

- getSize oTpuMye po3Mip ycboro ayaiodaiiny.

- getPos oTpuMye MOTOUHY MO3HUILIIIO BIATBOPEHHS y ayaiodaiii.

- getFillLevel moBepTae kinbKicTh OalT, 3ani0BHEHUX Yy Oydepl Ha TaHUI MOMEHT.
[le xopucHO, MO0 BHU3HAYMTH, CKIJTBKA JAaHUX JOCTYITHO IS BIATBOPEHHsS 03
HEOOX1THOCTI 3YMTYBaHHS 3 JHKepena.

- GyHKIIS YUTAHHS JJI8 JOCTymy N0 AaHux. Jis miaBuiieHHS €GeKTUBHOCTI
IPIOPUTET BIAAETHCS 3UUTYyBaHHIO 3 Oydepa. ko y Oydepi HETOCTaTHRO JAHUX IS

3a10BOJICHHA 3allMTY HA YUTAHHA, BOHA 3UUTY€E 1X 3 OCHOBHOTO JDKCpEiia 3BYKY.
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- DyHKIS 3aMIOBHEHHS MPOAKTHBHO HAMAraeThCs 3amOBHUTH Oydep maHuMU 3

OCHOBHOTO JIKepeJsia 3BYKY, Ko Oydep He 3amoBHeHui. Lle momomarae yHUKHYTH

3aBHCAaHb I1]] Yac BIATBOPEHHS, KOJU Y Oy(depi 3aKiHUyIOTHCS JIaHi.

- 3alMKIIIOBATH - YBIMKHYTH IIUKJIIYHE BIITBOPEHHS HA OCHOBHOMY JIKEPEI1 3BYKY.

[le kopuCHO JJ1s1 CTBOPEHHS O0€3MepEePBHOIO BIATBOPEHHS ayaiodaiiy.

biiok-cxema anroputMy nokasaHa Ha pUCyHKY 3.2.

Tak

BUKIIK KOHCTPYKTOpa
3 BUUIEHHAM IIaM’ Tl

TTouatox

THimamsams Knacy
AudioFileSourceBuffer

IloTtpi6HO
BUILTATH
IaM’ SITh JIs
Oydepa?

BUKITHK KOHCTPYKTOpa
0e3 BHUILIEHHAM
mam’sITi

Tak

3BLUTLHEHHA [TaM’AT1

Bukmik MeTomy
close()

TloTtpibHo
3BITHHUTH
maM’ AT6?

IIponoBxKeHHS poOOTI

Buxmuk metomy
Iead(VOid *data,

uint32 t len)

Pucynok 3.2 - Bok-cxeMa anroputmy

3M.
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3.1.3 Peamnizais 3aroiossoro ¢ainy AudioFileSourceBuffer

Ilett kon BU3HaAuae 3aronoBHUM ¢aitn mius kimacy AudioFileSourceBuffer, sikwmii
BUKOHYE POJib Oydepy 1151 ay110 JaHUX IT1]T Yac BIATBOPEHHS. 3aroj0BHUM (aiijl BUKOHYE
JIB1 OCHOBHI1 (hyHKIIIi:

Konctpykrop otpumye 00'ekt AudioFileSource i po3mip Oydepa sik mapamerpu.
[e, iMOBIpHO, CTBOPIOE HOBUH Oydep a1 30epiraHHs ayaioJaHuX.

[Hmumit npuitmae o0'ext AudioFileSource, Bka3iBHUK Ha HasBHUI Oydep 1 po3Mmip
oydepa sk mapametpu. Lle n1ae 3Mory BUKOpUCTOBYBATH TOIEPEIHBO BUALICHHUHN Oydep,
110 3a0e3Mevye THYUKIIIe KepyBaHHs MaM'sITTIO.

Hectpykrop (~AudioFileSourceBuffer) BiamoBimae 3a HanexHEe 3BUILHCHHS
nam'sTi, SKy Kiac Buauisie i Oydepa, 3a0esneuyrour edEeKTUBHE KepyBaHHS
pecypcamu.

ITepeBusHaueHi BipTyaiabHl (DYHKIIIT YCITaJIKOBYIOThCS BiJl 0ATbKIBCHKOI'O KJacy
AudioFileSource 1, 1tMOBiIpHO, IEpeBU3HAYAIOTHCS 1J1s 3a0€3MeUeHHs (PYyHKIIIOHAIBHOCTI
Oydepu3alii HaBKOJIO OPUTIHAIBHOI peani3allii.

DyHKIS YATaHHS BU3HAYA€ MPIOPUTET YUTAHHA JaHUX 3 Oydepa y mepiry uepry
JUTSI THABUIIEHHS €eKTUBHOCTI. SIKII0 y Oydepl HeOCTaTHRO TaHMUX JIJISl 3aJ0BOJICHHS
3alUTy HA YMUTAHHS, BOHA 3UUTYE JaHi 3 6a30BOTO JHKEpeEna 3ByKY.

[IlykaTu 103BOJIsIE BaM TEpPEMIIyBaTH MO3UIIII0 BIITBOPEHHS y ayaiodaim Ha
OCHOBI PI3HUX PEXUMIB MOIIYKY (HAPUKJIaA, MEPEMIllIeHHsI HA MEBHY KIJIbKICTh OailT
BIIepe1 a00 Hazan).

3akpuUTH - 3aKpUBa€ JKEpPEIO 3BYKY, HMOBIPHO, 3BUIBHAIOUM BCl PECYpCH,
MOB'sI3aH1 3 HUM.

1sOpen nepeBipsi€, YU BIAKPUTO JIKEPENO 3BYKY.

getSize oTpumMye po3mip ycroro ayaiodaiiy.

getPos oTpuMye MOTOYHY MO3UIIIIO BIATBOPEHHS Yy ayaiodaiti.

Loop 103BoJIsI€ 3aIIMKIUTH BIATBOPEHHS Ha 0230BOMY JiKepeli 3ByKY. Lle kopucHo

JUTsl CTBOPEHHS 0€3MepepBHOTO BiITBOPEHHS ayaiodaiiry.
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HoBa ¢yHkuis-uieH oTpuMye KiIbKICTh OalT, 3alOBHEHUX y Oydepi Ha TaHUil
MOMeHT. Lle KOpHCHO i1 BU3HAYECHHS KUTBKOCTI JAHUX, JOCTYMHHX JUIS BiATBOPCHHSI
0e3 HeOOX1THOCTI 3UYUTYBAHHS 3 JDKEpea, 0 MiBUILYE €(PEKTUBHICTb.

Oynxirito fill orosomneHo npuBaTHORO, 10 O3HAYAE, 1110 A0 HET MOYKE MaTH JOCTYII
muie caM kiac AudioFileSourceBuffer. ﬁMOBipHO, BOHA BIJMOBIJIA€ 32 NONOBHEHHS
oydepa 3 mkepena, koaum y Oydepi 3aKkiHUYIOTBCS AaHi, 3amo0irar0yM 3yMAHKaM
BIITBOPCHHS.

3MmiHHI-wIeHn Kiacy 30epiraioth iHpopMmario mnpo Oydep, mxeperno Ta CTaH
BIITBOPEHHS. Src - 11e BKa3iBHUK Ha 00'exT AudioFileSource, 1m0 npeacTaBisie OCHOBHE
JDKEpeno 3BYKY.

buffSize - po3mip Oydepa y GaiiTax.

Buffer - Bka3iBHUK Ha KOMIpKYy Oy(depHOi mam'sTi.

deallocateBuffer - mpamoperns, sikuii Bka3ye, 4d BiAMOBIIAa€ Kac 3a BUBIJILHEHHS
Oy¢epHoi mam'sTi.

writePtr - 3MiHHA, 110 BIICTEXKYE MO3UILIO 3anucy B Oydepl (Kyau 3amucyroThCs
HOBI JIaHi).

readPtr - 3MiHHA, 110 BIICTEXXYE MO3UIIII0 YATAHHS B Oydepi (3BIIKU 3UUTYIOTHCS
JIaH1).

Length - xinbkicTh 6aiiT, 3ar10BHEHUX y OyQepi Ha JaHUNH MOMEHT.

Filled - npanopenp, 1110 Bka3zye Ha Te, 41 3alI0BHEHUI Oydep Ha JaHUI MOMEHT.

[HKancymoroun 11 JaHi y 3arojioBHOMY (aiiii, KoJl crpusie Kpalliii oprasizariii,
3pYYHOCTI 00CITyroByBaHHS Ta MTOBTOPHOMY BUKOPHCTAHHIO KJ1acy
AudioFileSourceBuffer. Inmi yacTuHM KOOy MOXKYTh B3a€EMOIIATH 3 KJIAcOM uepe3

3araJpHOIOCTYTHUM 1HTep(deiic 6e3 HeoOX1THOCTI 3HATH JIeTajll BHYTPIITHROT peaizaiiii.

3.1.4 Peamnizaris 3arosioBaoro ¢aitny AudioFileSourceFATFS

AudioFileSourceFS BHU3HAUae 3aroJ0BHUMN daiin TUISt KJ1acy

AudioFileSourceFATFS, cnemiansHo po3pobaeHuit ais podotu 3 iaramu ESP32 nns
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BIATBOpEHHs ayaiogdaiiniB, mo 30epiratotecsi y (aitnoBiii cuctemi FAT (3a3Buyait
BUKOPHUCTOBYEThCA Y SD-kaprax). Bin cnpusie opranizaiii Kojay, ©araropa3oBoMmy
BUKOPHCTAHHIO Ta PO3/1JICHHIO 3aBAaHb.

Kinac ycnmankoBano Big AudioFileSourceFS, mo, iMoBipHO, 3a0e3medye OCHOBY
1 00poOku  ayaiodaiiiB 3 pizHUX (QainoBux cucrem. lle copusie MoBTOpHOMY
BUKOPHUCTAHHIO KOAY 1 3MEHIIY€ HaMIPHICTb, YCIAJAKOBYIOUHM 3arajbHi (PyHKII1OHAIbHI
MOXJIMBOCTI, TaKl SIK YATAHHS, TOIIYK 1 3aKPUTTS JIsl MaHIMYJIALIH 3 ayaiodaiiamu.

[lepmmit  xonctpykrop (AudioFileSourceFATFS()) € KoHCTpykTOpoM 3a
3aMOBUYBAaHHAM 03 apryMeHTiB. FIMOBipHO, BiH ci1yTye 6a30BUM JUIS CTBOPEHHS 00'€KTa
AudioFileSourceFATFS.

Hpyruii koucTpykrop (AudioFileSourceFATFS(const char *filename)) npuiimae
iM's Qaiimy sSK TmapaMmeTrp, aje Ma€ IHIIy TMOBEAIHKY IIOPIBHSHO 3 THUIIOBUM
KOHCTpyKTOpoM. BiH iHimiani3zye 6arbkiBebkuit kiac (AudioFileSourceFS), ane ynukae
BUKIIMKY (pyHKLIT BIAKPUTTS O0AaThKIBCHKOTO KJacy Oe3nocepeHbo 3 Ha3Bow Qaitny. Lle
Jla€ 3MOTYy YHUKHYTH Hernepen0auyBaHOiI MOBEIIHKK Yy peai3allii BIAKPUTOI (yHKIIT
0aThKIBCHKOTO KJIACy.

IlepeBusnauena ¢ynkimiss open: Ll ¢yHKIis Bigirpae BUpIMIATBLHY POJb Yy
3a0€e3MeUeHH] YCIIIIHOTO BIATBOPeHHS 3 SD-KkapTKu.

[TepeBipka monTyBanHs (aitnoBoi cuctemu FAT (!FFat.begin()) mepesipsie, un
daitnoBy cuctemy FAT Bxke 3MOHTOBaHO. SKIIO Hi, BOHA HaMaraeTbCcsi 3MOHTYBaTU
¢aitnoBy cucrteMy 3a nonomororo ¢pynkuii FFat.begin().

O6pobka momuiiok (!FFat.begin()) 3amucye mMOBIIOMJICGHHS TPO TOMHIKY 3a
nonomoroto audioLogger->printf P, iiMoBipHO, BKa3zytoun Ha nipodiemy 3 SD-KapTKoio
abo QaitnoBoro cucremoro. [loTim BoHa moBeptae false, curHamizyrouu npo MOMUIIKY
Kooy, 1o ii Bukiukae. YcmoimHe mMoHTtyBaHHs (FFat.begin()) Bukinkae 0aTbKiBCbKUM
kiac AudioFileSourceFS::open(iM's daitny) 11t BUKOHAHHS BJIACHE TPOIECY BIIKPUTTS
daiiny 3a HATAaHUM IM'SIM.

ITo cyTi, ne#t kiac aie sk amgantep aisa kiacy AudioFileSourceFS, cnemiansHo

MPUCTOCOBAHUM i poOOTH 3 aynmiodaitnamu, 1mo 30epiratoThest y (aityioBiii cuctemi
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FAT SD-kaptu na muatax ESP32. Bin 3a0e3neuye HanexHe MOHTYyBaHHS (haiioBOl
CHUCTEMH Tiepe]] Cpo0O0r0 BIAKPUTH ayai0haiiil, MmiABUIYOYH HAIIHHICTh 1 3ar00irarouu
MOTEHIITHUM TTOMIJIKAM TIiJ] 9ac BiITBOPEHHS.

brok-cxemy anropuTmy noka3zaHo Ha pUcyHKy 3.3.

Tlouarox

Tmimamsanmis Kmacy
AudioFileSourceFATFS

BUKINK KOHCTPYKTOpa
AudioFileSourceFATFS()

A,

BukIik KOHCTpYKTOpa
AudioFileSourceFATFS
(const char *filename)

Buxmuk meTomy
open(const char *filename)

Tmimamizamis daitnoBoi
cructemn FAT
(FFat.begin())

Tak daiinoBa

cHcTeEMa
1HIIIam3oBaga?

A

Buxmnk
TloBepuenns false 6aTBKIBCHKOTO
METOJY
open(filename)

Kinemp

Pucynok 3.3 - biiok-cxeMa aJiropuTmy
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3.1.5 Peamnizaris 3aronosnoro ¢aiiny AudioFileSourceHTTPStream

3aronoBuuii ¢aitn AudioFileSourceHTTPStream Bu3Hauae 3aroinoBHuii haii 1
kiacy AudioFileSourceHTTPStream, mpu3naueHoro a1t BIATBOPEHHS ay/110ITOTOKIB, IO
nepenaoThes 3a nporokonamu HTTP (manpuknan, MP3) na mnatax ESP32 a6o ESP8266
3 BUKOPUCTaHHSIM (ppeiiMmBopky Arduino. Bin crnpusie MOayIbHOCTI KOy, TOBTOPHOMY
BUKOPHUCTAHHIO Ta (YHKI[IOHATBHOCTI BIITBOPEHHS MTOTOKIB.

1) Knac udioFileSourceHTTPStream YCIaJIKOBYEThCS BiJl KJ1acy
AudioFileSource, 110, IMOBIpHO, € OCHOBOIO I OOPOOKH ayJli0JJaHUX Yy 3arajibHOMY
BursAl. Lle cnpusie TOBTOPHOMY BUKOPUCTAHHIO KOJTy 38 PaXyHOK YCHaJKyBaHHS TaKUX
GyHKIIN, SK YUTAaHHA, MOHIYK 1 3aKPHUTTA, SIKI MOXKHA aJanTyBaTH JI0 KOHKPETHOIO
koHtekcty HTTP-motokiB. YcmagkoBaHi (QyHKIIT MOXYTh MOTpeOyBaTH MOBTOPHOL
peaizariii 1uis poOoTH 3 Oe3nepepBHUMH TOTOKAMU, SIK1 HE MAIOTh (PIKCOBAHOTO PO3MIpPY
1 TPQAUIIIHHUX MOXKJIMBOCTEHN TOIIYKY.

2) 3MIHHUMHU-YJICHAMHU KJacy €:

3) - Client - o0'ekt WiFiClient, iMOBIpHO, BUKOPUCTOBY€ETHCS JJIsl KEPyBaHHS
HU3BKOPIBHEBUM MepekeBUM 3'eHaHHsIM 3 HTTP-cepBepoM, Ha sIKOMy pO3MIIIY€ETHCS
ayJliOTOTIK.

4) - http - o6'ext HTTPClient, BuxopuctoByeThcst s Haacuianas HTTP-
3aMUTIB Ta OTpUMaHHs (parMeHTIB JaHUX BiJ cepBepa Ha OLIBII BHCOKOMY pIiBHI
nopiBHsHO 3 WiFiClient. Lle crpoiiye npoiiec CrijIKyBaHHS 3 CEPBEPOM 3a JOIIOMOTOI0
nporokony HTTP.

5) - Pos - 11e uioyncenbHa 3MiHHA, SIKa MOKe OyTH MpU3HAUEHA JUISI BIICTEKEHHS
MOTOYHOI TO3WINT BIATBOpPeHHS Yy moTomi. OHaK, Ha BIAMIHY BiJl TpPaJUILIHHUX
ayniogaiinis 3 BuzHaueHUM po3mipoMm, HTTP-motoku € OGesnepepBHMMH, 1 MOUIYK
KOHKPETHHX TOYOK MOXke OyTH HEMOKJIMBUM. 3HAYEHHS POS MOKHAa BUKOPHCTOBYBAaTH
J1s1 tHPOopMaIiiHUX 111eH a00 111 OOMEKEHHS MOXKJIMBOCTEH MOIIYKY Y MOTOII.

6) - Size - HuoYKcCeNlbHA 3MIHHA, SIKa MOXeE 30epiraTv MOBIIOMJIEHUN pO3MIp

MOTOKY, SKIO BiH JOCTYNMHUN Ha cepBepl. OaHak, HAa BiAMIHY BiJ (aiiiB, sIKI MOXHA
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3aBaHTaxuTH, HTTP-mmoTOKM 3a3BU4ail € BIAKPUTHUMH, 1 IXHIN 3arajlbHANA PO3MIP MOXKE
OyTH HEBIIOMHM 3a3dalierifib. 3HAYCHHS PO3MIpy MOXHa BHUKOPHCTOBYBATH, SIKIIO
CepBep HaJla€ JOCTOBIPHY 1HGOPMAIIIFO TIPO PO3MIP.

7) - reconnectTries - 1iyie YUCIO, SIKE BUKOPUCTOBYETHCS ISl HAJIAIITYBaHHS
KUTBKOCTI CNpOO BIJIHOBUTH 3'€IHAHHS 3 CEPBEPOM Yy pas3i BTpaTu 3'€qHAHHS Mij 4Yac
BiITBOpeHHS. [le momomarae miIBUIMUTH HATIWHICTD y BUMIAJKY TIEpeO0iB y MEPEKI.

8) - reconnectDelayMs - 11ij1e 4KcIo, 0 BU3HAYA€E 3aTPUMKY (y MIUTICEKYH]1axX)
MIDXK cripoOaMu MOBTOPHOTO 3'eTHAaHHS. [le 1ae 3MOTYy KOHTPOJTFOBATH YAaCTOTY MIOBTOPHUX
cripo® 1 YHUKHYTH TEpEeBaHTAXXEHHSI CEepBepa HAATO BEIUMKOK KIIBKICTIO 3allUTIB Ha
3'eJHaHHS 3a KOPOTKUH Yac.

9) - saveURL - macuB cumBomiB juis 30epiranuHss URL-ampecu aynionmoToky.
JIMOBipHO, BOHAa BUKOPHMCTOBYEThCS JUIS MOCHIAHHS HA MiCIE3HAXOUKEHHS MOTOKY i
NOTEHLIHHOTO KePyBaHHS KIJIbKOMa OTOKaMHU ab0 CpobaMu MeperniIKIIoueHHS.

Konctpyktop  FileSourceHTTPStream() mnpusHauenmii  ajii  CTBOPEHHS
nopoxxkHboro o6'ekra AudioFileSourceHTTPStream, moteHiiiino iHimiax3yr04u 3MiHHI-
YJICHW 3HAYCHHSIMU 332 3aMOBUYYBAHHSIM.

Konctpykrop AudioFileSourceHTTPStream(const char *url) orpumye Ha BXin
URL-aapecy 1 Moke BIANIOBIIaTH 3a JICKLJIbKA 3aBJAaHb:

36epexennss URL-aapecu y 3miHHii-unedni saveURL mis  momameioro
BUKOPHUCTAHHSL.

CtBopenns a6o iuimiamizamis 06'ektiB WiFiClient ta HTTPClient qyist mepeskeBoi
B3aEMO/IIl.

[Torenmiitne Bigkputrtss HTTP-3'ennanns 3 Hamanoro URL-aapecoro Ta
1HIIIFOBaHHS TIOTOKY. 3aJIe’KHO BiJ] pealizallii cepBepa, 1€ MOXKe BKIIFOYATH HAJICUIIAHHS
neBHuX HTTP-3anuTiB a00 3arooBKiB sl HOYATKy MOTOKOBOT Mepeaayl ay/110/JaHuX.

[ToTentiitno Moxxe OydepusyBaTH €Ki MOYATKOBI JIaH1 3 TOTOKY, II00 YHUKHYTH
HEraHUX 3aTPUMOK i/l Yac BIATBOPEHHSL.

Hectpykrop (~AudioFileSourceHTTPStream) BuKOHye Hajie’)KHE OYHUILCHHS

pecypciB, MoB's3aHuX 3 MepexeBuM 3'enHanHsM Ta 00'ektom HTTPClient. Bin moxe
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3aKpUTH 3'€THAHHS, 3BUIBHUTH OyIb-sIKy BUAUICHY HaM'siTh 1 3a0€3MeYUTH 3BUTbHEHHS
pecypciB Jij1s 3an100iraHHs] BUTOKY IaM'sITi.

[lepeBu3HaveHi BipTyaiabH1 (YHKIIII 3a0€3MeUyIOTh peani3allito, crienudiuny s
o0poOku aymionotokiB HTTP, #MoOBipHO, ycCHmagkoByr4Yu JAEsSKY IOBEIIHKY BiJ
oatbkiBcbkoro kimacy AudioFileSource, ane anmantyrouum 1i g0 0coOIMBOCTEH
Oe3nepepBHUX MOTOKIB.

Oynkiis open(const char *url) Bimnmosimae 3a Biakputtss HTTP-3'ennanns 3a
Bka3aHnoto URL-anpecoro 3a normomoroto 06'ektiB WiFiClient i HTTPClient. Bona moxe
1HIILIFOBATH TIPOIIEC OTPUMAHHS ayAi0JaHuX 3 CEpBepa.

Oynkmis read(void *data, uint32 t len) 3uuTye nmaHi 3 MOTOKY Ta 3alOBHIOE
HajaHu Oydep aymioganumu. Bona moxe BukopuctoByBatu 00'ekt HTTPClient mms
YUTaHHS (parMeHTIB JJaHUX 3 CepBepa y IHUKII, JOKU He OyJ/e 3all0BHEHO 3aIllUTyBaHY
KUTbKicTh faHuXx (len). Kpim Toro, BinH Moxke 00poOJIATH MOTEHLIMHI MPOOJIEMH, TaKl K
NOMMJIKUA 3'€IHaHHS a00 HEIOBUKOpHUCTaHHA Oydepa (KOJIM HEAOCTAaTHbO TaHUX JJIs
3anoBHEHHs Oydepa). TyT Moxe OyTH peai3oBaHO JOTIKY MOBTOPHOIO 3'€THAHHS IS
aBTOMATUYHOI CIpoOU BIMHOBUTHU 3'€IHAHHS, AKIIO HOTO OYyJ0 BTpay€HO Mia Yac
BIITBOPCHHS.

Oynkiis readNonBlock(void *data, uint32 t len) Hamae cnocid YuTaHHS JaHUX Y
HEOJIOKYI0UMii croci0, MOTEHIITHO KOPUCHUN AJii YHUKHEHHS 3aTPUMOK Y MpoIlleci

BIJITBOPEHHSI.

3.1.6 Peanizariis 3aronoBuoro dainy AudioFileSourceFS

3aronoBuwmii ¢aitn AudioFileSourceFS Oyno po3pobineno nist poGoTH 3 pi3HUMHU
¢aiinoBumu cucremamu (FS) muist BinTBopeHHs ayaio Ha ruiatax Arduino. Bin 3a0e3neuye
OCHOBY 1 po60TH 3 aymiodaiiiamu, 10 30€piratoThCsi Ha PI3HUX HOCISAX, TaKUX SIK SD-
KapTh a00 BHYTpimHs ueni-nmam'steb. Lle rapantye, 1o kiac BKIHOYAETHCS JIUIIE OJUH

pa3 y MpoeKT, 3aro0iraroyu MOMUIKaM BiJl 0araTopa3zoBOTO BKIIOUCHHS.
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Knac ycmankoByetbest Bin AudioFileSource, sikuii, iMOBIPHO, € OCHOBOIO JJIS
00poOku aymiogaHux 3aranoM. Lle crnpusie MOBTOPHOMY BUKOPHCTAHHIO KOy 3aBJSIKU
BUKOPUCTAHHIO HasABHMX (QYHKIIH a1 oOpoOKM MOMHIIOK, Oa30BHX oOrmepariiii
YUTAHHS/3aMMUCy Ta MOTEHIINHUX peai3ailiil 6a30Bux kiaciB s close ta isOpen.

Konctpykrop AudioFileSourceFS(fs::FS &fs) orpumye mnocunanHs Ha 00'eKT
fs::FS ax mapamertp. Lleit 00'exT, IMOBIpHO, PEACTaBIIsi€ KOHKPETHY (ANIOBY CHCTEMY,
10 BUKOPUCTOBYEThCS (Hanmpukiaa, paitioBy cuctemy SD-kapTu, BHYTPILIHIO (ailiioBy
cucteMmy (JICIIKH).

Konctpykrop (AudioFileSourceFS(fs::FS &fs, const char *filename)) mputimae six
MoCHIaHHS Ha (ailloBy cHCTeMy, Tak i Ha3By (aillly Sk mapameTpu. VIMOBipHO, BiH
HaMaraeThCs BIIKPUTH BKa3aHUH ayaiodaiii 3a TOMOMOTor0 HalaHOoi (aiijIoBO1 CHCTEMHU.

[TepeBusHaueHi (QYHKIII-4JICHN HAJalOTh (QPYHKIIIOHAIBHICT [JII KEpyBaHHS
ayniodaitnamu y aitnosiit cuctemi. @yHkiis open(const char *filename) Binnosigae 3a
BIIKPUTTS ayaiogaiiiny, BKazaHoro napamerpom filename, BukopuctoByroun (aiiaoBy
CHUCTEMY, Ha SIKYy MOCHJIaeThcs 3MiHHA-wIeH filesystem. Bona, iiMOBIpHO, BUKOHYE Taki
omeparii, sK BIOKpUTTS (aily, mepeBipka Ha HASBHICTh HMOMMJIOK 1, MOXIIUBO,
30epiraHHs XeHjj1a BiAKpuToro dainy y BHyTpimHii nam'sti. read(void *data, uint32 t
len) yHKIis 103BONIAE UNTATH ayioaaHi 3 BimkpuToro daiiny. FiMoBipHO, BOHA 3unTyeE
BKa3aHy KiJIbKicTh 0aiiT (len) y Hamanuii 6ydep (data). dynkmis seek(int32 t pos, int dir)
JIO3BOJIIE 3A1MCHIOBATH TMOIIYK y ayaiodaiiyii Ha OCHOBI BKa3aHOi mo3ullii (pos) Ta
HanpsMky (dir). Peamizamist Moke BIAPIZHATUCS 3aJIEKHO B MOKIIMBOCTEH (ailioBoi
cuctemMu. @Oynkuis close(), HailliMOBIpHilIe, 3aKpUBa€ TMOMEPEIHBO BIIKPUTUHN
aynio(aiis, 3BUIbHSI0UYM MOB'A3aH1 3 HUM pecypcu. Dynkuis isOpen() nepesipsie, uu haiin
Hapa3i BIAKpuTui (3MiHHa-wieH f), 1 moBepTae OyJieBe 3HAYEHHS, 110 BKa3y€ Ha CTaH
BiIKpuTocTi. DyHKIis getSize() Moxke oTpuMaTH po3Mip ayaiodaitiny 3 daitnoBoi
CUCTEMHU, TOTCHITITHO BUKOPUCTOBYIOUYH (DYHKITIOHATIbHI MOXKIMBOCTI (haiiJIoBOT CUCTEMU
JUIS. BU3HAUEHHS po3Mipy ¢aitny. Oynkiis getPos() oTpumye NOTOUHY MO3UIIF0 YUTAHHS
y BiOKpuTOoMy (aitni 3a gomomoror metony f.position() ob'exrta fs::File. daitnoa

cucrteMa - 1e mocwiaHHs Ha o0'ext fs::FS, mo mnpencraBnsie KOHKpEeTHY (aiiaoBy
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cuctemy, sika BukopuctoByerbes. f: O0'ext fs::File 30epirae neckpuntop BiIKpUTOTO
ayniodaiiny. BiH BUKOPUCTOBYETHCS JIJIs MOJAIBIITNX ONepalliidi YN TaHHS/TIOMYKY (aity.
[aKancymooun 11 (YHKI[IOHAJIbHI MOJIMBOCTI y 3aroyioBHOMY (aiii, KOJ CIpusie
Kpaiiiii  opradizaiii, MIATPUMIII Ta  TOBTOPHOMY  BHKOPHUCTAHHIO  KJjacy
AudioFileSourceFS. IHmi YacTHHM KOIy MOXYTh B3aEMOJISTH 3 KJIacoM uepes
3arajbHOIOCTYIHUM iHTepdeiic 6e3 He0OX1THOCTI 3HATH HU3BKOPIBHEBI A€Talll B3aEMOJIT

3 pi3HUMU (aNUTIOBUMHU CUCTEMAMU. BIOK-CXeMy ajaropuTMy MOKa3aHO HAa PUCYHKY 3.4.

3.1.7 AudioFileSourceFunction.cpp

['enepaTop aymioBuxoay Moxe renepyBatu gani WAV-daitny 3 QpyHKIii.

Ileit xon BuszHawae kiac 3 imeHeM AudioFileSourceFunction, skuii reHepye
ayJio/laHl «Ha JIbOTY» Ha OCHOBI HaJlaHUX KopHucTyBaueM (yHKLINA 1 30epirae ix y
dbopmati koHTeriHepa WAV. Bin Hamae QyHKIIT 11 KepyBaHHS 3TEHEPOBaAaHUMU
ayi0JIaHMMHU 1 TIporioHye€ 1HTepdeiic, cymicHuit 3 ki1acom AudioFileSource.

Konctpykrop (AudioFileSourceFunction) npuiiMae apryMeHTH, 10 BU3HAYAIOTh
BJIACTUBOCTI ay/Iio.

Sec - TpUBAJICTh ay/i0 y CeKyH/1ax (TJIaBar04e YncIIo).

Channels - k11bKICTh KaHAMIB ayAio (HampuKiag, MOHO = 1, crepeo = 2).

sample per sec - 4acToTa JUCKpeTu3allii (KUIbKICTh BIJIIKIB 32 CEKYH/IY).

bits per sample - KUIBKICTB OIT Ha CEMIUT (BU3HAYAE SKICTh 3BYKY).

Bin o6uucnioe 3araibHUN po3Mip ayaiojlaHux y OailTax Ha OCHOBI HaJaHUX
napameTpiB, a TAaKOXK CTBOPIOE CTPYKTYpy 3arojioBka WAV (wav_header) 1 3amoBHro€ ii
BIJIMOBITHUMHU 3HAUYCHHSIMH PO3MipiB (pparMeHTiB, AeTansamu GopmaTy (KaHaJIM, 9acTOTa
JUCKPETHU3allil TOII0) Ha OCHOBI BX1JIHMX apTyMEHTIB.

PosrisiueMo 3MiHHI-YJICHH.

Funcs - BekTOp 1isi 30epiraHHs HaJaHUX KOpUCTyBaueM (yHKIIM (MMOBIpHO,
asaM0a abo BKa3iBHUKIB Ha (QyHKIII), gkl Oyle BUKOPUCTAHO ISl TE€HEpyBaHHS

ayJlioaHuX JJIsl KOYKHOTO KaHaTy.
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ITouarox

h 4

Imimianizamia knacy AudioFileSourceFS 3 FS ta iM'am daitmy
AudioFileSourceFS(FS &fs, const char *filename)

h 4

Buxmik metomy
open(const char* filename)

Tak Hi

Buxmmx
filesystem->open(filename, "r'")

filesystem->begin()

v
Biakpurra daiiny 3a H0I10MOror0o
(aiinoroi cucteMn
filesystem->open(filename, "r")

Tak Hi

Daiin

IloBepnyTH true

BLIKpHTO?

IToBepuytu false

.

Buxmx
MeTony read(void *data, uint32 t len)

| Yuranns qanux 3 daitny fread(data, len) ‘

y

| Buxmuk metoay seek(int32_t pos, int dir) ‘

y

3miHa mo3unni y daiimi f.seek(pos, dir)

Buxmuk Metomay close()

!

3axpurta daiiny f.close()

y

Buknk metosy 1sOpen()

v

@aiin BiakpuTuii? [oepuytu f? true :
false

:

Buxmk metoay getSize()

TTorepryTH posmip daiiny f.size()

PucyHnok 3.4 - Biok-cxeMa anroputmy

3M.

ADK.
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Pos BiacTexxye MOTOYHY MO3UIIII0 3UUTYBAHHS Yy ayI10/1aHUX.

Size 30epirae 3arajJbHUN PO3MIp ayai0JaHUX (BKJIIOYHO 13 3ar0JIOBKOM).

is_ready - mpamopenb, KUl BKa3ye, UM 3aBEpIICHO T'€HEpallilo ayIioJdaHuX 1 4u
rOTOBI BOHU JI0 YUTAHHS.

1S_unique - mpamnopellb, KU BKa3zye, 4M HaJaHi QYyHKIIi € yHIKQUIbHUMHU JJIs
KOKHOTO KaHaiy (iHakuie nepiia GyHKiig Oy/1e BUKOpUCTaHa AJisl BCIX KaHAJIB).

Hectpykrop (~AudioFileSourceFunction) Bukiukae (QyHKIIO 3aKpUTTS IS
3a0€3MEeUYEHHS HAJIEXKHOTO OYMIIEHHS.

read(void* data, uint32 t len) 3uurtye ayaionani 3 WAV-koHTeliHepa y mam'sti Ta
KOITiIO€ iX y Hajanui 0ydep (data), rorpumyrouuck 3aganoi fopxunu (len).

Jlnis 3arojioBKa BiH Oe3MOCEpeHbO KOMioe 0aiiTh 3 MOMepeHbO 3reHePOBAHOL
cTpykTypu wav_header.

st aynmiogaHux OOYHCITIOE TOTOYHMN Yac HA OCHOBI TO3MUINT 3YUTYBaHHS 1
BUKIIMKA€ BIANOBIAHY (YyHKIIO, HagaHy KopuctyBadeMm (funcs[channel]), 1106
3reHepyBaTH 3HaueHHs BUOIpKH. Lle poOUTHCS 111 KOKHOTO KaHay.

Ha ocHoBI kiJ1bKOCTI 01TiB Y BUOIpII IEPETBOPIOE 3HAUEHHS BUOIPKH 3 IJIaBAI0YOI0
KOMOIO y BI/IMOBIAHE IJIOYMCEIbHE MPEICTABICHHS 1 30epirae Horo y BuxijHomy Oydepi.

OHOBITIOE 3MIHHY POS JIJISl BIICTEKEHHS KIJIbKOCTI MPOYUTAHUX JaHUX.

[ToBepTae KiUIBKICTh (DAKTUYHO MPOUYUTAHUX OAWT, sika MOKe OyTH MEHIIIOIO 3a
3alUTyBaHy JOBXKUHY, SKIIIO JOCATHYTO KiHIIS JaHUX.

Oynkuis seek(int32_t pos, int dir) 703BoJIsE€ 31MCHIOBATH MOIIYK Y 3T€HEPOBAHUX
ayJll0JJaHUX Ha OCHOBI BKa3aHO1 NO3uIlli (pos) Ta pexxumy nouryky (dir).

SEEK SET mrykae 3 mo4atrky ayJioJaHHX.

SEEK CUR mrykae BiIHOCHO MOTOYHOI MO3UIIII.

Bukonye nepeBipky, mo0 NnepeKoHaTUCs, M0 MO3MIs MOUIYKY 3HAaXOJIUTHCSA B
MeXax JIOMyCTUMOTO J11ala30Hy ayai0JaHuX.

OHOBITIOE 3MIHHY-YJIEH POS JJIsl BIJOOpaKeHHSI HOBOI MO3UIIIT MOLIYKY.

close() moBepTae 3MIHHI-WIEHH JO MOYATKOBOTO CTaHy, (PAKTUYHO 3aKPUBAIOUU

JOKEpeIo 3ByKY 1 3BUTBHSIOUYM BC1 MOB'sI3aH1 3 HUM PECypcCHu.
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1sOpen() moBepTae mpamnopenp is_ready, SKuil BKa3zye, Yu 3aBEpPIICHO T€HEPAIliio
aymio/IaHuX.

getSize() moBepTae 3aradbHUM po3Mip ayAi0JaHUX (BKIIOYAIOUH 3ar0JIOBOK).

getPos() moBepTae MOTOYHY MO3MITIIO YUTAHHS Y ayI10JaHUX.

3aranom, kiac AudioFileSourceFunction Hamae criociO reHepyBaHHS aya10/1aHUX
y maM'siTi 3a JIOTIOMOT0l0 BH3HAYEHHX KOPUCTyBaueM (PYHKIIH 1 CIIyrye BIpTyaabHUM
moKepenoMm  ayaiodaiiniB, cyMmicHuM 3 kjacoM AudioFileSource. Ile nmo3Bossie
CTBOPIOBATH JUHAMIYHI 3BYKOBI e(peKTu 06e3 HeOOX1THOCTI BUKOPUCTAHHS MOMEPETHBO
3amMcaHuXx ayaiodhainsis.

biok-cxema anropurmy nokaszana Ha pucyHky A.l Jlogatky A.

3.1.8 Peanizariis 3aronosHoro daitny pynkiii AudioFileSourceFunction

I'enepaTop aynioBuxoay Moxke reHepyBaTu gaHi WAV-daitny 3 dyukiii. biok-
CXEMY aJICOPUTMY TOKa3aHO Ha pUCYHKY A.2 JlogaTky A.

Knac AudioFileSourceFunction monermiye renepariito ayniofaHux y mam'aTi Ha
OCHOBI HaJaHUX KOpPUCTyBaueM (QYyHKIIN 1 Hagae iHTepdeinc, CyMICHHN 3 KJIacoM
AudioFileSource. Lle nae 3mory cTBOproBaTH JUHAMI4HI 3BYKOBI €(DEKTH «HA JIbOTY», HE
MOKJIaJAI0YMCh Ha TIONIEPEHBO 3amucaHi ayaiodaitny.

Crpykrypa 3aronoBka WAV (WavHeader) Bknaaena B AudioFileSourceFunction,
151 CTPYKTYpa PETEIbHO BU3HAYA€ MAKeET 3arojoBka WAV.

Bona BukopucToBye 6aiiT-macuBy (MaCMBU CUMBOJIIB) JIJIsI TPEACTABIICHHS PI3HUX
TOJTIB 3ar0JIOBKA, 30KpeMa:

RIFF Chunk ineaTtudikye ¢aiin sik kounreiinep WAV.

bnok popmary BuszHauae aetani ayaiodhopmary (KaHaiau, 4aCTOTY JUCKpETHU3allii,
01TOBY IIIMOUHY).

brok nanux Bkasye Ha po3Mip 1 po3TallyBaHHs BJIacHE ay/lloJaHuX y (aii.

O06'ennanns uutouncensHux nepersopeHs (Uint8AndIntX) (ne X nmo3nayae 8, 16

a6o 32) 3a0e3neuyroTh MexaHi3M e(DEKTUBHOTO MEPETBOPEHHS MK MPEACTABICHHIMU
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iaux grcen 31 3HakoM (intX) 1 6e33HakoBuUX yucen (uintX) s pi3HUX PO3MIpIB TaHUX
(8, 16 abo 32 0ir).

Ile BuSBISETbCA KOPUCHUM TMpU TMaKyBaHHI OaWT nans 3pa3kiB  JIaHUX,
3a0€3Meuyour KOPEKTHY MaHIMYJISII0 3 YUCIIOBUMHU 3HAYEHHSIMH 3aJIC)KHO Bil 00paHOi
PO3PSTHOCTI.

Busnauenns BkaziBHuka ¢yHkuii (callback t) nie sk  mceBmoHiM s
std::function<float(float)>. Ilo cyTi, BiH sBIs€ cO0OI BKa3IBHUK Ha (yHKIIIO abo
nsMO/1a-BUpa3.

3MIHHUMU-YJICHAMH €:

- std::vector<callback t>, mo 30epirae ¢QyHkiii reHeparii 3BYyKy, HaJaHI
KOPHCTYBa4yeM.

- Pos BijicTeXy€ MOTOYHY MO3UIIIIO 3UYUTYBAaHHS ayA10/IaHUX Y TIaM'sITi.

- Size 30epirae 3arajgbHUIl pO3Mip 3r€HEPOBAHUX 3BYKOBHMX JaHUX, BKIIOYAIOYU
3aroJIOBOK.

- 1s_ready - nmpamnopelib, IKUil BKa3ye, Ui 3aBEPIICHO MPOIIEC FreHepallii ayaio1aHux
1 91 TOTOB1 BOHH JI0 YATAHHS.

- 1S_unique - mparnopelp, SKUil BKa3zye, 4d BC1 KaHAJIU BUKOPUCTOBYIOTh Ty CaMmy
(GyHKITIIO reHepailii 3ByKy.

Konctpykrop (AudioFileSourceFunction) npuiiMae aprymMeHTH, 110 BU3HAYAIOTh
BJIACTUBOCTI ayJi0, TakKi SIK TPUBANICTh (CEKYHIM), KUIbKICTh KaHaNIB (MOHO-/CTEPEO),
4acToTa IMCKpETH3allii Ta po3psAHICTh Ha BUOIPKY.

[nimanizye crpyktypy wav_header 3 HajgaHMMHM mapaMeTpamH, pPETEIbHO
HaJIAIITOBYIOUH IOJIS 3ar0JI0BKa JIJIsi TOYHOTO BiJIOOpakeHHsT 00paHoro ayaioopmary.

Hectpyktop (~AudioFileSourceFunction) 3abe3nedye HaleXHE KepyBaHHS
pecypcaMu, BUKJIMKaOUn (DYHKIIIIO 3aKPUTTS 1] Yac 3HUIICHHS 00'€KTa.

®Oynkuii addAudioGenerators cayryioTh i AOJaBaHHS HaJaHUX KOPUCTyBaueM

byHKIii (oaHIET 200 NEKIIBKOX ), K1 BIAMOBIAATUMYTh 3a TEHEPAIlII0 ayi0-3pa3KiB.
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[ITa6nonna Bepcis (addAudioGenerators(const F& f, Fs&&... fs)) mosBossie
J0JaBaTy ACKUJIbKa (PyHKIIIM 3 BUKOPHUCTAHHSIM BapiaTUBHUX apryMEHTIB, IPOTNIOHYIOYH
THYYKICTh Y BU3HAYCHHI TIOBEAIHKY Te€HEPAITil 3BYKY.

Bonu BUKOHYIOTH ITEpEBIPKY, 1100 MEPEKOHATHCS, 1110 KIJTBKICTh HaAaHUX (PYHKITIHA
BIJIMOBIIA€ KUTBKOCTI KaHaJIIB a00 0OMEXY€EThCsI OHI€I0 (QYHKITIEI (BUKOPHUCTOBYETHCS
JUISL BCIX KaHAJIB).

Ha ocHOBI pe3ynbTaTiB TEpeBIpKM BOHM OHOBIIOIOTH TIpamopu is ready Tta
i1s_unique, moO BigOOpa3uUTH MilCcHICTH KoHQirypamii. KpiM Toro, BOHHM MOXYyTh
OYHUCTUTH BEKTOp (PYHKIIIH, SIKIIO BUSBICHO HEBIPHY KOHPITypallifo.

Uwuranus ayaioganux 3 WAV-koHTeliHepa y maM'srTi.

[Tomryk y 3reHepoOBaHMX ayJl0JaHWX HA OCHOBI BKAa3aHOI TMO3UIlT Ta PEXKUMY
MOIIYKY. 3aKPHUTTS JPKEepea 3ByKy Ta 3BITbHEHHS TTOB'SI3aHUX 3 HUM PECypCiB.

[TepeBipka 3aBepIieHHs reHeparlii ay1ioJanux (TOTOBHICTH /10 3YUTYBaHH).

OTpuMaHHsl 3arajJbHOTO pPO3MIPY 3T€HEPOBAHHMX ayAlofaHuX (BKIIIOYHO 13
3aroJ0BKOM).

OTpumaHHST TOTOYHOI TMO3WINT 4YWTaHHA B aygiomanmx. Ilo cyTi, Kiac
AudioFileSourceFunction Ta #oro pomoMikHI (YHKIII JalOTh 3MOTY CTBOPIOBATH
JTMHAaMI4H1 3ByKOB1 €peKkTH y BOYJJOBaHUX CUCTEMaX, TakKuX sK miatu Arduino. Bin Hagae
MEXaHI3M TEeHEpPyBaHHS ayJl0JlaHUX y pPEalbHOMY 4Yaci 3a JOTIOMOTOK BHU3HAYCHHX

KopucTyBaueM (yHKIIIH, yCyBaloun MoTpedy y monepeaHbo 3anucaHux ayaiodaiinax.

3.1.9 AudioFileSourceHTTPStream.cpp

Knac AudioFileSourceHTTPStream mnonerirye BIATBOPEHHS ayAiONOTOKIB,
noctaBiiennx yepe3 HTTP na mirarax ESP32 ta ESP8266. Bin ycniaakoByeThes BiJl K1acy
AudioFileSource, noTpuMyto4nch CHUIBHOTO 1HTEpdEicy i pobdOTH 3 JIKeperaMu
3ByKy. lleit kmac pae 3mory cTBOproBaTH (YHKIITI BIATBOPEHHS ayJio, sKi

BUKOpUCTOBYI0OTh HTTP-moTOoKM $K JKepeno 3ByKy, JAO03BOJISIOUM BiATBOPIOBATH
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BIJITAJICHUI aydIOKOHTEHT Oe3 30epiraHHs aymioJaHuX JIOKaJIbHO Ha mMpUcTpoi. biok-
cXeMa aJlrOpUuTMy MoKa3zaHa Ha pucyHky A.3 Jlogatky A.

HTTP-kmient (http) - e exzemmsip kiacy HTTPClient, sikuif BHKOPUCTOBY€ETHCS
st ynpasiinas HTTP-3'eqHanusiM 3 BiJaI€HUM CEPBEPOM, HA SIKOMY PO3MIILY€ETHCA
ay110MOTIK.

Bin Hajmae Metoau 1Tt BIIKPUTTS 3'€JHAHb, HafcuaaHHs 3anuTiB (5K GET y ipomy
BUMAJIKY), OTPUMAaHHS BIJIMOBIACH Ta JOCTYITY A0 JJAHUX BIAMOBIII.

Knac peanmizye mexaHismu 1yt BcTaHOBieHHS Ta miarpumku HTTP-3'enmnanns
MPOTATOM YChOI'O MPOIIECY BIATBOPEHHS.

Bin nepeBipsie koa Bianoial micis Haacwiands GET-3anuty, o6 nepexoHaTucs
B ycnimuomy 3'eqHandi (HTTP-kox 200 - OK). Skmio BUHMKa€e MOMUIIKA, BiH 3aKpUBa€e
3'€IHaHHS, TOBIIOMIISIE MPO TOMUJIKY 3a JOIMOMOTIOI0 3BOPOTHOIO BHKJIHUKY (cb.st) i
MOBEPTAE KOJI TOMUIIKH.

Bin Bk/IIOYae JIOTiKy MOBTOPHUX CHPOO 11 OOpOOKM MOTEHIIHHUX PO3pPHUBIB
3'eHaHHS 11]] 9ac BiATBOpeHH . [1iciist po3puBY 3'€THAHHS BOHA HAMArae€ThCs BITHOBUTH
3'€eTHAHHS BKa3aHy KUIbKICTh pasiB (reconnectTries) 13 3aTpUMKOI0 MK CIpoOaMu
(reconnectDelayMs). [ndhopmaTuBHI MOBiIOMJICHHSI HagaroThes yepe3 callback mig yvac
MpolLieCy NePEerniIKII0YeHHS.

Oynkiii read 1 readNonBlock HagatoTe MexaHi3Mu 1711 OTpUMaHHS ay10/IaHUX 31
BcTaHoBJIeHOTO HTTP-mioToKy.

Bonu o0po0usistoTh MOTEHINIMHI CUTYyallil, KOJU JOBXKMHA 3aMUTYBAaHUX JAHUX
MIEPEBUIILYE PEIITY JAHUX y MOTOI, KOPUTYIOUH JIOBXUHY 3UNTYBaHHS, 00 YHUKHYTH
BHUXOJ1y 32 MEXI [TOTOKY.

Oyukuis readInternal cimyrye simpom st udTaHHS JaHuX. BoHa peanisye
0JI0KyBaHHsI 200 HEOJIOKYBaHHS YUTAHHS Ha OCHOBI BCTaHOBJIEHOTO Mparopa (nonBlock).
bnoxyBanbHe YyuTaHHS OYIKYy€, IOKH JaHi CTaHyThb JOCTYIHHMH 3a JomomMororo yield,
TOA1 SIK HEOJOKYBaJIbHE YWTAHHS MEPEBIps€ iXHIO TOCTYMHICTh 3a JOMOMOTO0 stream-

>available().
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SIK TITBKM aHI CTalOTh JOCTYIHUMH, BOHU 3UYUTYIOTHCS 3 MOTOKY 32 JOTIOMOTOIO
stream->read 1 30epiraroTbcs y HajaHoMmy Oydepi.

3MiHHA-YJIEH POS OHOBIIOETHCS ISl BIACTEKEHHS KUIBKOCTI TaHUX, IPOYUTAHUX 3
MOTOKY.

Oynkiito seek Hapasi He peamizoBaHo (audioLogger->printf P(...)), ockuibku
nomyk y motomi HTTP Moxke OyTH HEMOXIIMBUM dYepe3 MTPHUPOAY ITOTOKOBOTO
nepeaaBaHHsl AaHuX. Bona 3aBxiaum mnoBepTae false, 1mo0 BkazaTu, 110 TOLIYK HE
HIATPUMYETHCA.

Oynkiis  close rpamio3no po3puBae HTTP-3'enHanHs micis 3aBeprieHHS
BIITBOPEHHS a00 y pa3i BUHUKHEHHS TOMIJIKHU.

Oyukuis 1sOpen Hagae MoxiuBicTh mnepeBiputu, un HTTP-3'eqnanns nHapasi
aKTHBHE.

OyHnkuis getSize, KO cepBep Haaae 1HPOPMAIIO MPO JOBKHUHY BMICTY,
noBepTae 3arajibHUi po3mip ayaionoToky. Oanak ayis HTTP-notokiB e Moxe OyTu He
3aBXKJIU JJOCTYITHO.

Oynkuis getPos moBepTae MOTOYHY MO3UIII0 YUTAHHA B IOTOLI, BKa3ylO4H,
CKUIbKU JJAaHUX OYyJIO TPOYUTAHO HA TAHUI MOMEHT.

ITo cyri, knac AudioFileSourceHTTPStream nae 3mory po3po0isiTi TOAATKH IS
BiITBOpeHHS ay/io Ha Tuiatax ESP32 1 ESP8266, siki BukopuctoBytorh HTTP-moTokm six
JUKEpesto 3ByKy. BiH npononye QyHKI sl KepyBaHHS 3'€JTHAaHHSAM, 0OpOOKH TOMUIIOK,
YUTaHHS JaHUX Ta 0a30BUX IMEPEBIPOK CTaHy, IO JO3BOJISIE CTBOPIOBATH JMHAMIYHI Ta

B1JIJIaJICH1 MOKJIMBOCTI1 BIITBOPEHHS ay/I10.

3.1.10 Peamizamis 3aromoska AudioFileSourceHTTPStream

Knac AudioFileSourceHTTPStream mnonermrye BiATBOPEHHS ayAiONOTOKIB,
nocrasienux uepe3 HTTP na nnatax ESP32 ta ESP8266. Bin ycnaakoByeTbcs BiJl Kiacy
AudioFileSource, norpuMyrounch 3arajibHOro iHTepdeiicy maist poOOTH 3 IKepeiamMu

3BYKy y mpoekti. Lleil kmac mae 3Mory cTBoproBatd (DYHKIIT BIATBOPEHHS aysio, Kl
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BUKOpHUCTOBYIOTh HTTP-moTokm sk pKepeno 3ByKy, IIO JO3BOJISIE BiATBOPIOBATH
BIIJTAJICHUI ayJIOKOHTEHT 0e3 30epiraHHs ayJioJaHuX JIOKAIbHO Ha MpHUcTpoi. biok-
cXxema aJlropuTMy nokaszaHa Ha Pucynkax A.4 ta FA.5 Jlonatky A.

Kon BukopucroBye ymoBHy kommumiito (#ifdef ta #else), mo0 3abesneuntu
BKitoueHHs1 BianoBigHO1 O16miorekn HTTP-kmienra (HTTPClient gns ESP32 a6o
ESP8266HTTPClient mms ESP8266) wa ocHoBi minboBoi mmnatu. lle cmpuse
MEPEHECEHHIO KOy Ta HOTO MIATPUMII Ha PI3HUX IIJIaTax IS PO3POOKH.

3MIHHUMHU-YJICHAMU €

- client - o6'ext WiFiClient, iMOBIpHO, BUKOPHUCTOBYETHCS ISl BCTAHOBJICHHS
0a30BOr0 MEpEKEBOT0 3'€JHAHHS 3 BIIJAJICHUM CEPBEPOM, Ha SIKOMY PO3MIIILYEThHCS
ayJliOMOTIK.

- http - o6'ext HTTPClient, mo BHUKOpUCTOBYeThCS sl kepyBanHs HTTP-
sarmutamu (ssk GET y nbomy Bumanky) ta BimmoBigsmu. Lleit 06'ekT oO6pobiise merami
3B'SI3KY 3 CEPBEPOM.

- BijgcrexxeHHs mo3uilii Ta po3Mipy MOTOKY:

- Pos BiacTexkye MOTOYHY MO3UIII0 YUTAHHS B ayJIOMOTOLl, BKa3ylOUH, CKIIbKH
JaHuX OyJIo MPOYUTAHO HA JaHUM MOMEHT. Lle 3HaueHHs Mae BUpIIIaIbHE 3HAYEHHS 115
BIJICT€KEHHS ITPOTPECY BiATBOPEHHS.

- Po3mip 30epirae 3araJibHUi pO3Mip ayAiONOTOKY, SAKIIO BiH JOCTYHMHHH Y
BIAMOBIAI cepBepa. lle moxke OyTH He 3aBXKAM JIOCTYIHO, OCOOJIMBO ISl MPSIMHUX
TpaHCIALIH.

- reconnectTries HanamTOBY€ KIIbKICTh CHPOO MOBTOPHOTO 3'€JHAHHS, SIKIIO
3'€IHaHHST PO3PUBAETHCS 1] Yac BiATBOpeHHsA. el MexaHi3M jornomMarae MiJBUIIUTH
HAJINHICTD y pa3i mpolOyieM 3 MEPEkKero.

- reconnectDelayMs 3anmae 3atpumky (y MUTICEKyHIaX) MK crpoOamu
neperniakaoueHHs. lled mapamerp J03BOJISIE TOHKO HAJNAMITYBaTH IOBEIIHKY
MePEeniAKIIOYEHHS, OATAHCYIOYU MK CTIMKICTIO Ta €PEeKTUBHICTIO.

- 36epertu URL - 36epirae URL-anpecy BIIKpUTOTO ayA10MOTOKY JJISI MOMKJIUBOTO

MOBTOPHOTO BUKOPHUCTaHHS. [{e Moxke OyTH KOPHCHO Y BUTIQAKAX, KOJIHM OJIMH 1 TOM cCaMui
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NOTIK MOTPIOHO BIATBOPIOBATH KUIbKa pasiB, abo 7S KEPYBAHHS PI3HUMU CEaHCAMH
BIITBOPCHHS.

AudioFileSourceHTTPStream() € KOHCTPYKTOpOM 3a 3aMOBYYBAaHHSIM, SIKUH,
HMOBIpHO, 1HILIAII3yE€ 3MIHHI-UJIEHU 3HAYCHHSIMU 32 3aMOBUYYBaHHSIM a00 MOPOKHIMH
CTaHaMH.

AudioFileSourceHTTPStream(const char *url) npuiimae URL-agpecy sx
apryMeHT. BiH HamaraeTbcs BIIKpUTH ayaionoTik 3a Bka3zaHor URL-aapecoro i1
BctaHoBUTH HTTP-3'ennannsa. Lleli KOHCTPYKTOp CHpOILy€ BIAKPUTTS MOTOKY JUIS
KOpHCTYyBaya.

Hectpykrop (~AudioFileSourceHTTPStream) 3a0e3nedye HanexxHe ympaBiHHS
pecypcamu, imoBipHO, 3akpuBatoun HTTP-3'eqnanns npu 3uumenHi oO'exra. Lle
JOTIOMara€e YHUKHYTH BUTOKY PECYpPCIB 1 MOTEHIIIHHUX MTPOOIIEeM.

@OyHKII] yIpaBliHHI TOTOKOM HACTYIIHI:

- open(const char *url) BinkpuBae Bkazany URL-agpecy aynionoToky i
BcraHoBmoe HTTP-3'ennanns 3 BigmaiaeHuMm cepBepoM. Llg dyHKiis BiamoBigae 3a
3aITyCK MPOIIECY BIATBOPEHHS.

- close() rpamiozno 3aBepirye HTTP-3'eqHanHs, 3BUIBHSIOYM MOB'S3aHI 3 HUM
pecypcu, Taki sik Mepexeni 3'eqHanHs. Ls GyHkiis HeoOXiiHa 7St 3yTUHKU BIATBOPEHHS
Ta OYHUIIIECHHS MICJsI BAKOPHUCTAHHS.

- 1sOpen() mnepeBipsie, yn aktuBHe Hapa3i HTTP-3'egnanns, Bkazywouu, uu
BIITBOPIOEThCA ayaionoTik. lle moxe OyTH KOpuUCHO IS peamizaiii KepyBaHHS
BIJITBOPEHHSIM 200 MOHITOPUHTY CTaHy BiITBOPEHHSI.

OyHKIIT YUTAaHHS JTAaHUX:

- read(void *data, uint32_tlen) 3uuTye ayaiogani 3 noToky y Hafgauuii Oydep (data)
3 JOTpUMaHHAM 3anuTyBaHoi A0BXkuHU (len). s dyHkuis peanizye MNOBEOIHKY
OJIOKYBaHHS YUTaHHsI, TOOTO BOHA MOXKE 3a4€KaTH, IOKU He Oy/1e TOCTYITHOIO HEOOX1Ha
KUIBKICTh JaHUX, TIEPII HIXK TTOBEPHYTHUCS.

- readNonBlock(void *data, uint32 t len) BuKOHye HEOJOKyHOUYE YHWTaHHI,

MEepeBIpPSAIOYM HASBHICTh JAaHUX TMepe]] MpojoBxkeHHsM. I[lsg ¢yHkiis kopucHa y
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CUTYaLlIAX, KOJIM Ba)JIMBA HErailHa BIAMOBIIb, @ OYIKyBaHHS JAHUX MOKE MIPU3BECTH 10
3aTPUMOK.

Cratyc Ta iHdopMarlis:

- getSize() moBepTae 3arajJibHUIN pO3MIpP ayI10MOTOKY, SIKITO BiH JOCTYITHUM (MOXKe
HE 3aBXIU HajaBaTucs cepepom). Lle Moke OyTH KOPUCHO /IS OLIIHKA TPUBAJIOCTI
BIITBOpPEHHS 200 Bi10OpakeHHS 1H(pOpMAIIii mpo mporpec.

- getPos() moBepTae MoOTOYHY MO3WINI0 3UUTyBaHHsA y moTomi. Lle 3HayeHHs
BigoOpakae, CKUTbKU JaHUX OyJIO MPOYUTAHO 3 MOTOKY Ha JaHUI MOMEHT, 1 MOXe OyTH

BUKOPHUCTaHE ISl BIACTEKEHHS POTPECy BIATBOPEHHS.

3.1.11 AudioFileSourcelCY Stream.cpp

Kox AudioFileSourcelCYStream Busnauae kiac AudioFileSourcelCY Stream,
akuii  ycnaakoByeTbes B AudioFileSourceHTTPStream 1 monermrye BiaTBOpPEHHS
aynionotokiB y popmarti ICY (Icecast) na marax ESP32 1 ESP8266. ICY - e moTokoBuiA
IPOTOKOJI, SIKUI 3a3BUYail BUKOPUCTOBYETHCS AJIsl IHTepHET-pagioMoBieHHs. Lleit kiac
JIO3BOJISIE PO3POOJISATH JOJATKH JIJIsi BIATBOPEHHS ayio, sSIKi BAKOPHUCTOBYIOTh IMOTOKH
ICY sk mxepeno 3BYKY.

3MIHHI-WICHH KJIACY:

- icyMetalnt 36epirae 3HaYeHHs 1HTEpBaly METaJaHUX, OTPUMaHE 13 3arojoBKa
ICY, mo Bka3dye Ha 4YacTOTy OHOBJICHHS MeETaJaHWX (HAMpPUKIAA, Ha3BU CTaHIIII,
iH(opMallii 1po MiCHI0), BOyJAO0BaHUX Y MOTIK. Lle 3HaueHHs BU3HAya€ KiJIbKICTh OalT
MDXK OJIOKaMH METa/IaHUX.

- icyByteCount BifcTexye KUIbKICTh OalWT, TPOYUTAHUX 3 MOMEHTY OCTaHHBOTO
3yctpiunoro Osoky Metaganux ICY. Lle 3HaueHHs Mae BUpilIaJibHE 3HAYCHHS IS
BU3HAUEHHS TMOTEHLIMNHUX TEPEeKPUTTIB MDK 3alUTyBaHUMH JAaHUMHU Ta MeEXaMu
MeTaJaHuX ITiJT Yac MPOIECy YATaHHSI.

3aranbHONOCTYMHUMHU (QYHKUISIMU-UJICHAMHU €:
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- AudioFileSourcelCYStream() - KOHCTpPYKTOp 3a 3aMOBYYBaHHSM, SKH,
HMOBIpHO, 1HILIATI3y€ 3MIHHI-UWJIEHU 3HAYCHHSIMHU 32 3aMOBUYYBaHHSM a00 MOPOKHIMHU
CTaHaMH.

- AudioFileSourcel CY Stream(const char *url) - koHCTpyKTOp, sikuit mpuitmae URL
ak apryMmeHT. Bin nHamaraetbcst Bigkputu ICY-motik 3a Bkazanoro URL-aapecoro,
BcraHoBUTH HTTP-3'eqHanns 3 cepBepoM 1 MmpoaHasi3yBaTH MOYATKOBI 3ar0JOBKH JIJIs
BWJIYYEHHS BIJANOBIIHOI 1H(pOpMAITi.

- open(const char *url) BimkpuBae Bkazany URL-agpecy ICY-motoky 3a
nonomororo HTTP.

Bona nancunae momatrkosi 3arosioBkd B HTTP-3anuti (Icy-MetaData: 1), 106
BKa3aTH CepBEPY BKIIOYUTH 1HPOPMAIIIIO TPO METa/1aH1 B MOTIK.

Bin 30upae meBHi 3arosioBku (icy-metaint, icy-name, icy-genre, icy-br) 3a
nonomororo ¢yHkiii collectHeaders 3 6a3zoBoi 616mioTexu kimienta HTTP. 11i 3aronoBku
MOKYTh MICTUTH Ha3BY CTaHLi, kKaHp, OITPEHT 1 BaKJIMBE 3HAUCHHS icy-metaint, ske
BKa3ye Ha IHTepBaJl METaJJaHUX.

AHanizye OTpuUMaHl 3arojIoOBKM JJisi BHJIy4eHHs 3HaueHHa icyMetalnt 1
MOTEHIIIHOTO 3aITIOBHEHHS HAa3BM CTaHIIl1, )KaHPy Ta OITPEUTy (3aKOMEHTOBaHI1 CEKIIii //
cb.md(...), HMOBIpHO, BHUKOPUCTOBYIOTh (YHKI[II0 3BOPOTHOIO BHKJIHKY, II100
MOBIJOMHUTH TIporpamy Tpo 1o iHpopwmariito). 36epirae T0BXKUHY (pO3Mip) KOHTEHTY,
SKIO MOT0 HaJaHO CEPBEPOM Y 3arojIOBKaxX BIAMOBI/II.

JlecTpykTop (~AudioFileSourcelCY Stream), yCHaJKOBaHUN BiJ
AudioFileSourceHTTPStream. 3a0e3neuye HanexHe ynpaBiaiHHS pecypcamu, HMOBIPHO,
3akpuBatroun HTTP-3'eqnanHs, ko 00'€KT 3HUITYEThCH.

3akputa ¢yskiig-awieH readInternal(void *data, uint32 t len, bool nonBlock), sika
nepeBusHauvae ¢yHkiito readlnternal 3 6aTbKIBCHKOTO Kjacy Jjisi OOpOOKH 3aroJioBKiB
metananux [CY. Jlorika sapa 30cepemkena Ha 00poOIll MOTSHIIIMHNX TMEPEKPUTTIB MIXK
3aMMTYBAaHOIO TOBXKUHOIO AaHuX (len) Ta Mmexxamu Metananux [CY.

Ile rapanTye, 110 3YNTYBaHHS BUIIAJKOBO HE MEPETHETHCA 3 OJIOKOM METaJaHUX

ICY, mo MoXxe MOpyUINTH ayai0NoTIK.
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SKu10 BUSBJICHO MOTEHLIMHE MEPEKPUTTS MK 3aMUTYBAHUMU JAHUMH 1 MEXKEIO
METa/IaHuX:

3unTye AaHi 10 MEXK1 METaIaHuX, TOTPUMYIOUHCH 3alMUTYBAHOI IOBXKWHU, aJie HE
BUXOJISTYH 3 IO MEXKY.

Bin po3bupae 3ycrpinytuii 6s10k metaganux ICY nisa BunmydeHHs iHdopMmaiiii Ha
kmrant «StreamTitley (3akommenToBana cekmiss //  cb.md(...), ¥WMOBipHO, 3
BUKOPHUCTaHHAM (YHKIII 3BOPOTHOTO BHKJIMKY JJisi CIOBIIICHHS Tporpamu). lLlei
CUHTAaKCUYHUU aHaI3 MOXE BKJIIOYATH YWTAHHS JOJATKOBUX OAWTIB JIsl BU3HAYCHHS
MIOBHOT'O pO3MIpY OJIOKY MeTaJlaHuX, a TOTIM BWJIYYEHHS BIANOBITHUX JeTajCH.

Bin mponyckae pemty OalTiB 070Ky MeTaJaHMX, 1100 YHUKHYTH Iepeaadi
MeTaJaHuX SIK YaCTHHH ayJ[10/TaHHX.

Hapemri, BiH BUKOHYE (PaKkTU4YHI JaHl, 34UTaHI 3 IOTOKY, BHKOPHCTOBYIOUM
3aJUIIKOBHM len miciis BpaXyBaHHS OTEHIIHHOT 0OpOOKM MeTaJaHuX.

Bin onoBmoe icyByteCount, mo0 BIACTEXUTH 3arajbHy KUIBKICTH OaWT,
MPOYUTAHUX 3 MOMEHTY OCTaHHBOTO 3yCcTpiHyTOro O6510Ky MeTafganux ICY. Lle 3HaueHHS
€ BAXIWBUM JIi TOYHOTO OOYHMCIICHHS TOTCHIIMHUX TMEPEKPUTTIB y HACTYITHUX
BUKIIMKAaX YATAHHS.

ITo cyri, wimac AudioFileSourcelCYStream po3iiupioe ¢GyHKIIIOHATBHICTD
AudioFileSourceHTTPStream gt 06po6ku ayaionotokiB y ¢popmarti ICY. Bin Bitouae
JIOTIKY JJ1 po300py Ta 00poOku 3aroyioBkiB MeTagaHux ICY, 3a0e3neuyoun npu oMy
Oe3rnepebiitHe YnTaHHA JaHUX Oe3 MepepuBaHHA Ha Mexax MmeramaHux. lle mosBomsie
PO3p0o0JIATH HaI1HHI Ta 1IHGOPMATHUBHI JoAaTKH )11 BinTBopeHHs MoTokiB ICY Ha matax

ESP32 ta ESP866.

3.1.12 AudioFileSourcelCY Stream.h

O®parment  koxy  AudioFileSourcelCYStream.h  po3kpuBae  orosonieHHs

3arosjioBHoTO dainy mis kiacy AudioFileSourcelCY Stream, 110 gae 3mory po3po0JisaTu
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nporpaMu BIATBOpPEHHS ayxio, siki oOpoOmstoTs motoku ¢opmaty ICY (Icecast) Ha
rmatax ESP32 ta ESP8266. [laBaiiTe 3armuOuMocCs B TOHKOIII IIbOTO KOJTY:

<Arduino.h> nanae pyngamenrtanbHi GyHKIIT 1S B3a€MOIT 3 00MagHAHHSAM Ta
616m0TekamMu Arduino.

YMmoBHi 3aronoBku 616mi0oTekun HTTP-kimienta taki:

- <HTTPClient.h> (mns ESP32): Hanae xmacu ta dhynkmii ayis kepyBanas HTTP-
3alMTaMy Ta BIAMOBIasIMHU Ha riaTi ESP32.

- <ESP8266HTTPClient.h> (mna ESP8266) mnpomonye anamoriyHi QyHKIIII,
aJlanToOBaHI 10 MepekeBUX MOXIuBocTel matu ESP8266.

- «AudioFileSourceHTTPStream.h» MicTUTh OroJioneHHs 0aTbKIBCHKOIO KJIacy
AudioFileSourceHTTPStream. Lleit kiac cTBOpioe OCHOBY AJisi OOpOOKHU ay/10MOTOKIB,
o nepeaarothes uepe3 HTTP, Hanaroun HeoOxiH1 GyHKIIIT 1711 KepyBaHHS 3'€ THAHHSM,
00pOOKH MOMMIIOK, 3YMTYBaHHS JAHUX Ta MEPEBIPKU CTaHY.

AudioFileSourcel CY Stream BH3HAUaAE KJ1ac 3 iMeHeM
AudioFileSourcelCY Stream, SKUN YCIaJIKOBYEThCS BiJI KJ1acy
AudioFileSourceHTTPStream. YcnankyBaHHsI CTBOPIOE BIIHOIIEHHS OATbKO-I0YKa, /1€
nouipHiii  kmac  (AudioFileSourcelCYStream)  ycmagkoBye — (yHKIIIOHAJIBHICTD
6atbkiBcbkoro kiacy (AudioFileSourceHTTPStream) 1 moxe momaBatu cnenudiyHy
noBeniHKy s 00poOku ICY -noTokiB.

OYHKIII-4JICHH €:

- AudioFileSourcelCYStream() € KOHCTpPYKTOpOM 3a 3aMOBYYBAHHSIM, SKHIl,
HMOBIpHO, BIJIMOBIIA€ 3a 1HIIIATI3aIl10 3MIHHUX-YJICHIB 3HAYEHHSIMH 3a 3aMOBYYBaHHSIM
a00 MOPOXXKHIMHU CTaHAMU.

- AudioFileSourcel CY Stream(const char *url) - xoHCTpykTOp, SKHI TpuiimMae
URL-azmpecy sk apryMeHt. VIMoBipHO, BiH iHimiami3ye 06'€KT i HAMAraeThcs BiIKpHTH
ICY-motik 3a wHamaHoro URL-aapecoro, BCTaHOBIIOIOYM HEOOXigHE 3'€MHAHHS 1,
MOJKJIMBO, PO30HparOuy MO4YaTKOBI 3ar0JIOBKH.

- ~AudioFileSourcelCYStream() €  gecTpykTopoM, SKUH, WMOBIpHO,

BUKJIMKAETHCSA, KOJM OO'€KT BHUXOJIUTH 3a MEXI oOnacTti BHIMMOCTI ab0 SBHO
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BUJIATSETHCS. BiH HEoOXi1qHUI 711 BUKOHAHHS 3aBAaHb OYUIICHHS, TAKUX K 3aKPUTTS
HTTP-3'eqnanns, mOB'S3aHOTO0 3 TIOTOKOM, 100 YHUKHYTH BHTOKY pECypciB i
NOTEHLIWHUX MPOOIIEM.

- O@ynkmigs uint32 t readlnternal(void *data, uint32 t len, bool nonBlock)
ycnajikoBaHa BijJi 6atbKiBchbkoro kiacy (AudioFileSourceHTTPStream) 1 nepeBuzHaueHa
y upomy nouipabomy knaci (AudioFileSourcelCY Stream). Lle ocHOBHuUI MexaHI3M AJst
yuTaHHs ayniogaHux 3 notoky ICY. KirodoBe ciioBo override Bkasye Ha Te, IO s
¢GyHKIS TepeBH3HAYae€ TMOBENIHKY OJHONMMEHHOI (yHKIII OaThbKIBCHKOTO Kiacy,
crieniani3ytouu ii Ha 06po011i TonkomiB ¢popmaty ICY, skuit BKiIro4ae B cebe 3arojoBKU
MeTaJIaHKuX, 110 TEPEMEKOBYIOTHCS y MIOTOLI Ay I10JaHUX.

- int icyMetalnt 30epirae 3HaueHHs 1HTEpBaly METaJJaHUX, OTPUMaHE 3 3ar0JI0BKa
ICY. lle 3HaueHHs BU3HA4Ya€ 4acTOTY (KUIBKICTh OaMT) MiK OHOBJIECHHSAMH METaJIaHUX
(HampuKJaa, Ha3BU CTaHIIi1, iIHPopMaIlil PO MICHIO), BOYJOBaHUX Y MOTIK.

- int icyByteCount

- BIZICTEXKY€E KIJIbKICTh OAUT, MPOYMTAHUX 3 MOMEHTY OCTaHHBOI 3yCTpidi 3 OJJOKOM
metaganux ICY. Bin Biairpae BupimaibHy pojb y BHU3HAYEHHI MOTEHLIMHUX
NEPEKPUTTIB MDK 3aMUTYBAHUMH JaHMUMH Ta MEXKaMHM METaJlaHUX IiJ] Yac Mpolecy
yuTanHd. [ligpaxoByroun npountani O6aiitu, ¢yHkiis readlnternal qo03BossI€ YHUKHYTH
BUIIAJIKOBOTO  3YUTYBaHHS OJIOKIB MeTamaHux, 3a0e3meuyioun  OesmepebiiiHe
BIITBOPEHHS ayaiodaiy.

ITo cyTi, 3aronoBuuii ¢aiin AudioFileSourcel CY Stream.h 3aknamae ocHOBY st
KJIacy, CHELiaJIbHO TMpU3HA4YEHOTO M1l 00poOku aynionotokiB y ¢opmari ICY. Bin
ycnagkoBye pyskii kiaacy AudioFileSourceHTTPStream s 3araasHOro yrpasiiiHHS
HTTP-notokamu 1 pgojae cremiaii3oBaHy TOBEAIHKY I OOpOOKM 3arojioBKiB
Metananux ICY, mo 103BoJisie po3pOOHUKAM CTBOPIOBATH HaJIWHI Ta 1H(GOPMATUBHI

nporpamu BiaTBopeHHs ICY-notokiB Ha mnatax ESP32 1 ESP8266.
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3.1.13 AudioFileSourcelD3.cpp

et 3aromoBHuii (haiin npenacrasisie kiac AudioFileSourcelD3, mpuznauenwmii 1yist
Jerkoi o0pooku metaganux ID3 y aymiodaiinax abo nmorokax. BiH ycnaakoByeThbCs Bij
knacy AudioFileSource, sxuii, iMOBIpHO, Hajae QYHKIT AN YATAHHS ayI10aHUX 3
pizHux mxepen. Ock po30MBKa KIIIOUOBUX €JIEMEHTIB, IO 3arjuOJi0€ y BHYTPILIHIO
pobory:

AudioFileSourcelD3 ycmankoByerbess Bim AudioFileSource. Ile BcTanoBmroe
3B'130K Mk 0aThkoM 1 quTHHOMN, e AudioFileSourcelD3 ycnankoBye ocHOBHI (PyHKITIT
JUTsl YATAHHS ay10/1aHuX BiJ OaThKiBChKoro Kiacy (AudioFileSource). [ToTim BiH momae
cnenu@iuHy MOBEMIHKY I 0OpoOku po30opy mertamanmx ID3, mo poOuth iHoro
CTIeIiaJli30BaHUM KIIACOM, TPUCTOCOBAHUM IS ITi€1 METH.

3MIHHUMU-YJICHAMH €:

- Src - BKa3iBHHMK, 110 30epirae nocuiaaHHg Ha O6a3zoBuit 00'ekt AudioFileSource.
Kinac AudioFileSourcelD3 nie sx oOropTka, Aeieryroun OUIbIIICTh 3aBJaHb 3 YUTAHHS
0a30BOMY JpKepeny, a caM 3aiMaeTbest po3oopom Metananux y ¢opmari ID3. Tlo cyTi,
BiH MEPEXOILTIOE MOTIK JaHUX 3 JKepena, po3oupae ID3-Tern Ha moyatky (SKIO BOHU
NPUCYTHI), @ TOTIM JI03BOJISIE€ PELITI ayA10JaHUX MIPOUTH 10 MPOTPaMH.

- IlepeBipeHo - ue OyneBuid mpamnopenb, SKUA BUKOHYE pPOJb BOpOTaps,
rapanTytouu, 1o ID3-3aronoBok Oyje mepeBipeHo 1 po3ibpaHo juiie oauH pas. Llei
npanopeub 3anodirae HaAIUIIKOBIM 00pOOLl MPU HACTYITHUX YUTAHHSX.

- AudioFileSourcelD3(AudioFileSource *src) iHimianizye 00'eKT MOCUIAHHAM Ha
6a3oBuit 00'ekT AudioFileSource. Lle cTtBoproe exzemmuisip kiacy AudioFileSourcelD3,
TOTOBUM JI0O BUKOPUCTAHHS JIJIs1 YUTAHHS ay1I0JaHUX ITi]1 9ac 00poOku merananux [D3.

- ~AudioFileSourcelD3() BukoHye BCi HEOOX1/IHI 3aBIaHHS 3 OUMIIEHHS, TOB's13aH1
3 00'eKTOM. Y peaibHUX CLEHAPIsX 11€ MOXKE BKIIFOUATH 3aKPUTTS Oy 1b-IKMX THMYACOBUX
pecypciB, BAKOPUCTAHUX I11]1 yac po30opy ID3, abo BUBIILHEHHS TTaM'sITi.

- Oynkiis read(void *data, uint32 t len) Bianosizae 3a ynTaHHs gaHux. BoHa mie

SK TOYKA BXOAY JUTsl 3aMUTIB JaHUX mporpamMu. Och MOKPOKOBA PO3OHMBKA i1 JIOTIKH.
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- [TouatkoBmii Checkst mepeBipsie nmpanoperns checked.

Axmo npamnopens gopiBHIOe false (1o o3Hauae, 1o 3aronoBok ID3 mie He Oyno
0o0po6iieHo), BiH 3unTye mouyaTkoBi 10 GaiiT 3 Ga30BOro pkepena, 1mol MepeBIpUTH
HasBHICTH MmiaAnuUcy 3aroyioBka ID3 (manpuknan, «1D3»).

Axmo mianuc Bignosinae dopmaty ID3, BiH aHami3ye 3arojoBOK, 1100 BUTATTH
Taky 1H¢popmanito, sik Bepcis ID3, po3mip, HasBHICTH OalTIB HECHHXpOHI3alli Ta
po3mmpeHoro 3arojoBka. Lleit po30ip gomomarae BHW3HAYUTH, SK IHTEPIIPETYBaTH
HactynHi gadi. Bin ctBoptoe 00'ekt AudioFileSourceUnsync (omucano nmami) mms
oOpoOKM  HECHMHXpOHi3allli, Ko I1e HeoOxigHo. bailth  HecuHXpoHI3aIli
BUKOPHUCTOBYIOTbCS y JAeskux Bepciax [D3 s 3amobiranHs HENpaBUILHUM
IHTEPIIPETALISIM IT1]1 YaC CHHTAKCUYHOTO aHai3Yy.

[Iponyckae po3mIUpeHnit 3aroJIOBOK (SIKIIO BiH €), OCKUIBKU BiH HE € Ba)KJIUBUM
JUTS] BUTYUYEHHSI OCHOBHUX METaJIaHUX, TAKUX SIK aTh0OM, Ha3Ba a00 BUKOHABEITb.

Bxoauts y uki nist mepedopy moTeHIinaux kaapis ID3, noku He Oyae qoCsITHYTO
KiHOg gaaux [D3:

3untye imeHTHdikatop KaApy (3a3Buvail 4 OaiiTh), MO0 BU3HAYUTH THII
iH(opMallii, IKy MICTUTh Kajp (HalpUKIIaa, Ha3Ba aibOOMY, iM'st BUKOHABIIS).

34UTYETHCS PO3MIP KaJipy, 1100 BU3HAYUTH, CKUIBKM OaWT BiJBEJCHO Ha BMICT
I[OTO KOHKPETHOTO KaJIpy.

ITepeBipsie cTuCHEHHS KaJipy (Hapa3i HE MIATPUMYEThCS HAJaHUM KOJIOM).

Yurae BMICT KaJpy Ha OCHOBI pO3MIpy KaJpy 1 mpamopis HecuHXpoHizaii. Lle
MO€ BKJIFOUATH YUTAHHSI I0JJaTKOBUX OANTIB, KO YBIMKHEHO HECHHXPOHI3AIIIIO.

BuTtsrye BianoBiany iHGopMaIlito, Taky sk aib00M, Ha3Ba, BUKOHABEIh, PIK TOIIO,
Ha OCHOBI 1neHTU(ikatopa kaapy. [loTeHIIiHO BiH MOXE€ BHKIMKATH (PYHKIIIIO
3BOPOTHOTO BUKJIUKY (cb.md), 11100 moBiIoMUTH TTporpaMy Mpo 3HaiieH1 Metaani. s
(GyHKIST 3BOPOTHOTO BUKJIHMKY, WMOBIPHO, 3HAXOJIUTHCS B OKPEMIM YacTHHI KOIy 1
BIJITIOBIJIa€ 32 OCMUCIIEHY 00pOOKY BHAOOYTHX MeTafaHUX (HAPHUKIIAA, BiOOpaKeHHS

ix y kopuctyBaibkomy iHTepdeiici).Once all ID3 frames are processed, it signals the end
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of ID3 tags using the callback function (cb.md), informing the application that the
following data is the actual audio content.

[Ticast mouatkoBoi mepeBipku ID3 (abo AKIIO HE 3HAMIEHO KOJHOTO 3arojoBKa
ID3), BiH nenerye pakTU4YHE YMTaHHS JJaHUX 0a30BOMY JpKepeny (src->read) mist pemtu
JTaHuX (ayJl0OKOHTEHTY). TakuM YHMHOM, MO CYTi, MU 00XOJIMMO JIOTiKYy po36opy ID3 i

OTPUMY€EMO HEOOpOoOIIeH] ay1i00aiTH 3 IKepea.

3.1.14 AudioFileSourcelD3

3aronoBuuii  Qaitn  AudioFileSourcelD3.h poskpuBae kiac, creuiaabHO
po3pobieHut It cripoieHHsT po30opy Mmerananux ID3 y aymiodaitiiax abo moTokax,
kepoBaHux ¢peiiMBopkoM Arduino. Bin gie sk oOropTka HaBKOJIO 1HIIOTO 00'€KTa
AudioFileSource, npo3opo o0pobusstoun BuitydeHHs [D3-TeriB, neneryiodm OCHOBHY
(GYHKIIIOHAIBHICTh YUTAHHS ayJiofgaHuX. Takui Mmiaxia CHpOIIy€e po3poOKy J0/aTKIB,
Hajaoun yHipikoBaHUM 1HTEepderc s AOCTYyIy SK J0 METaJaHuX, Tak 1 J0
ayJIIOKOHTEHTY.

Konu Bukmukaetrscs dynkiis untanasa AudioFileSourcelD3, Bona mepexorunoe
noTik gaHux 3 6azoBoro o0'exta AudioFileSource. Ilig yac moyaTkoBOro YuTaHHs BOHA
pETENbHO TIepEeBIpsi€ HASBHICTH 3arojioBka [D3, skwii 3a3BuYail 11EHTH(IKYETHCS
niamucoMm «ID3». Skmo meil mianuc BUSABICHO, KJIac BCTyHae B 110, po30OHUparodu
3aroJIOBOK JJIsl BUJTyUEHHS TaKoi BayKJIMBO1 1HpopMarlii, ik Bepcist ID3, 3aranbauii po3mip
y MOTOIll Ta HasBHICTh OAMTIB HECHHXPOHI3allii (Y JACIKUX BEPCIIX BUKOPHUCTOBYETHCS
JUIs 3a11001raHHs HEMPABUIIBHUM 1HTEPIPETALISIM I11]1 4aC CHHTAaKCUYHOTO po36opy). Llei
MOYATKOBUI CHHTAKCUYHUHN aHali3 3a0e3leuye Kiac 3HAHHSIMHU, HEOOXITHUMH IS
TOYHOI IHTEPIPETALlil HACTYIHOIO MOTOKY JaHUX.

[Ticas po306opy 3aromoBka AudioFileSourcelD3 BxomuTh y peTenbHUIl LUK,
nepedbuparoun noTeHiiH1 kajapu ID3. Koxen kaap i€ sik KOHTEHHEp, 1HKAINCYII0I0YN
MeBHUN TUI METaJlaHUX, TAKUX K Ha3Ba aJibOOMY, 1IM'ss BUKOHABIA a00 HOMEDP TPEKY.

Krnac perensHo 3untye imeHTU(DIKATOP Kaapy (3a3Buyaii 4 O6aiiTw), mo00 BU3HAYUTH THUII
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iH(popMmallii, sKy BiH MicTUTh. [10TIM BiH OTpUMY€ pO3Mip Kaapy, BUBHAYAIOUH KUIBKICTh
OaiiT, BIABEACHUX JJI bOTO KOHKPETHOrO 3amucy MeTraaaHux. Kiac Takox nepesipse
CTHUCHEHHS KaJlpy, XO4a HaJaHUW KOJA Hapas3l HE Mpalloe 31 CTUCHEHUMH KaJpamH.
Hapernti, BiH BUTATYE (paKTUYHUN BMICT KaJpy Ha OCHOBI PO3MIpy Kajpy 1 mpamnopiis
HECUHXPOHI3allil, SIKII0 1€ MOXJIuBO. Ha npoMy erami mMoxe 3HaA0OMTHCS MPOYNUTATH
NOJaTKOBI OalTh, 100 BpaxyBaTh TMOTEHIINHHI HEY3rOJKEHOCTI, CIPHYMHEH]
HECUHXPOHI3AII€10.

[Ticas toro, sik BMicT Kaapy otpumano, AudioFileSourcelD3 BukopucroBye cBOi
3HAHHSA MPO 1AeHTU]IKATOpU KaApiB JUIsl NEPETBOPEHHS HEOOpoOJieHMX OalTIB Ha
iH(opMallito, MpUaaTHY I YUTaHHS JroauHoro. Hampuknazn, skmo ixeHTHdikaTop
KaJpy BIJANOBia€e Ha3Bl aqbOOMy, KJac BUTATYE BIANOBIIHI CUMBOJHU 1, HMOBIPHO,
BUKOPHUCTOBYE (PYHKIIIFO 3BOPOTHOTO BUKIMKY (cb.md y koxi), 100 MOBIIOMUTH
nporpaMmy mpo 3HaigeHi metanani. L{g ¢yHKIis 3BOPOTHOrO BHUKIMKY, PO3MIIIECHA B
OKpeMiil 4YacTUHI KOJOBOi 0asu, BIAMOBIZa€ 3a OOpPOOKY BUTATHYTUX METAJaHUX,
HaIpUKIIaa, 3a BiJOOpaKeHHs X y KOpUCTYyBaIlbkoMy 1HTepdeiici abo 30epekeHHs ISl
M0JIaJIbIIIOT0 BUKOPUCTAHHSI.

[Ticns perenbHOi 00poOKM Bceix 3ycTpinyTux ID3-kaapiB kimac gocsrae KiHIIS
cermenTa nanux [D3 y norori. 106 moBigoMuTH nporpami, 110 HACTYIMHUN NOTIK JaHUX
CKJIa/IaeThes 3 BiacHe aynioBMicty, AudioFileSourcelD3, iiMOBipHO, BUKOPUCTOBYE Ty
caMy (yHKIIII0 3BOPOTHOTO BUKJIMKY (cb.md), sika curnanizye npo kinens [D3-reris. Le
CHOBIILIEHHS, TI0 CYTI, i€ K Iepeaaya JaHuX, MOBIAOMIISIOUH MPOrpami, U0 Terep BOHa
MOX€E 30CEepEIUTUCS Ha OTpUMaHH1 Ta 00po0Ill HEOOPOOJIEeHUX ayai00aNTIB.

[Ipo3zope umtanus aymiogaHux. Ilicas mouaTtkoBoi mepeBipku ID3 (abo sxiio
3aroioBok ID3 He 3HaiIeHO0), PYHKITISA YUTAHHS TIJIABHO TIEPEXOJAUTH 10 CBOET OCHOBHOI
(GyHKIIOHATIBHOCTI: JejieryBaHHSI (DAKTUYHOTO YMTAHHA ay[l0JaHUX 0a30BOMY 00'€KTy
AudioFileSource. Ile nmenmeryBanHsi 3abe3neuye Oe3MEpepBHHUM TOTIK JaHUX O
nporpamu. JlogaTok OTpuMye YHIQIKOBAaHUM IMOTIK, Ha MOYAaTKy SKOTrO ILIABHO
iHTerpoBani Meragani ID3 (depe3 QpyHKII10 3BOPOTHOTO BUKIIUKY) (KO BOHU €), a J1ajl

HIyTh HEOOPOOIICHI ay1i00aiTH, 10 MPEACTABISAIOTH BIACHE ay/IOKOHTEHT.
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3.2 BucHoOBOK

Po3nain, npucBsiuenuit peanizailii nporpaMHHX 1 TEXHIYHUX 3aC001B JJIsl KEpyBaHHS
3BYKOBUMH KOJEKaMH Ha 0a3i MikpokoHTpojepa ESP8266, Hamae BuuepnHUi i
JeTATbHUN TOCIOHHMK 3 MPOIECY PO3POOKH. Y IbOMY PO3IUII BHCBITICHO MPAKTHYHI
KpPOKH, 3p00JieHi JJii CTBOPEHHs Ta yHPaBIiHHS PI3HUMHU JKepenamMu ayaiodaiiiB 3a
JIOTIOMOTOI0 peaizailii creriaJbHUX 3arojioBHUX (hailliB Ta MoB's3aHUX 3 HUMU CH+-
daiiniB. Hmxde HaBe1eHO OCHOBHI BUCHOBKH 3 I[LOTO PO3JLTY. Y PO3/iIl CHCTEMAaTHYHO
PO3TIISIHYTO pO3pOOKY Ta peai3allito YUCICHHUX KOMIIOHEHTIB, HEOOX1THUX JJIs1 pOOOTH
3 aynaiogainamu. Cronu BXOIATh BUXIAHI (paitmu ams pi3HUX ayniodopMaTiB 1 MOTOKIB
nanux, Takux sk FATFS, HTTP-moroku, ICY-motoku ta metagani ID3.

Po3ain MicTuTh peTenbHi aeTall mpo KoxkeH (ail 1 QyHKIo, 110 TapaHTye, 110
YUTa4 MOKE CIIAYBaTH 32 KOJOM 1 pO3yMITH NpU3HAUEHHS 1 (PYHKIIIIO KOKHOT YaCTUHHU.
Taka peTesbHICTh Ma€ BUpIIIAIbHE 3HAYEHHS /1JIs BIITBOPEHHS HANAIITYBaHHA a00 HOTO
Moaudikamii sl Pi3HUX 3aCTOCYBaHb. 3aBASKH MIATPUMIN PI3HUX JHKEPEN 3BYKY
CHUCTEMa CTa€ YHIBEPCAJIBHOIO Ta HAAIMHOIO, 3JaTHOI0 KEpyBaTH PI3HUMHU THIIAMU
aynioBXo/IiB. Taka THYUYKICTh KOPHUCHA JIJIs1 PO3POOKH OUIbIII KOMIUIEKCHUX JOJATKIB JIJIs
yHOpaBIiHHSA 3BYKOM. Bukopucrtanus wikpokoHTposnepa ESP8266, Bimomoro cBoe€ro
CeKOHOMIYHICTIO Ta O€3pOTOBUMH MOMJIUBOCTSMHU, POOUTH MPOEKT JOCTYHMHHUM 1
MPaKTUYHUM JIJIs1 0araTbOoX KOPHUCTYBadiB. MOJKIIMBOCTI MIKPOKOHTpoJiepa J100pe
BUKOPHUCTOBYIOThCSL ISl €(EKTUBHOTO BHPILIEHHS 3aBAaHb OOpOOKM 3BYyKy. Takum
YUHOM, 1€l PO3/1J1 Ha/la€ OCHOBY JJIsl PO3YMIHHS Ta peaiizailii CHCTeM KepyBaHHS ayIio
3 BHUKOpUCTaHHSAIM MikpokoHTposniepa ESP8266. Bona mnpomnonye perambHHIl 1
CTPYKTYpPOBaHUM MIAXiA 10 PO3POOKH MPOTPAMHOTO 3a0€3MeUCHHS, TapaHTYI4H, 1110
yUTay 3MOXe €(PEKTUBHO KEPYBaTH 1 KOHTPOJIIOBATH PI3HI ayJI0KOJEKH 32 JIOIOMOTOI0

n00pe opraHizoBaHOi 1 MOAYJIbHOI CUCTEMH KOTyBaHHSI.
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BUCHOBKHA

[Teprmmii po3is MPUCBAYEHO BAXKIIMBUM MOMEHTAM, III0 MOSCHIOIOTH 3HAYCHHSI Ta
MOTEHIIIMHI TIepeBard po3poOKH MPOrpaMHOIrO 3a0e3MEUYeHHS CHUCTEMH MIATPUMKH
MyJIbTUMEZIA JIJIs1 MIKPOKOHTpOJIepHUX cucteM Ha 0a3i ATMega328.

Jpyruii po3Ail MPUCBAYEHO BCEOIYHOMY OTJISIAY KOMIIOHEHTIB, IMPOrPaMHOTO
3a0€3MeUeHHS Ta TEXHIYHUX 3ac001B, HEOOX1THUX JIJIsi KEPYBaHHS 3BYKOBUMHU KOJCKAMHU
3a A0moMoror MikpokoHTposiepa ESP8266. Po3min mouwmHaeThest 31 3HAHOMCTBA 3
oi0morexkoto ESP8266Audio, BuUCBITIIEHHS 11 poJii Ta 3HA4Y€HHS B YMPaBIiHHI
aynioonepauisimu Ha riatopmi ESP8266.

Tpertiit po3ain mpuUCBSYEHUN pealizalii IpOrpaMHUX 1 TEXHIYHUX 3acO0IB Ui
yIpaBJiHHS 3BYKOBHMMH KOJIeKaMH Ha 0a3zl MikpokoHTposiepa ESP8266 1 mictuth
BUYEPITHUHN 1 AE€TaIbHUM MOCIOHUK 3 MPOIECY PO3POOKH. Y IIbOMY PO3/1iIl BUCBITICHO
MPaKTUYHI KPOKH, 3pOOJieHI JJIsl CTBOPEHHS Ta YHPaBIIHHS PI3HUMHU JDKEpellaMU
ayniogaiiiB 3a TOMOMOTOI0 peaizallii CrielialbHUX 3arojoBHUX (haiiliB 1 MOB'I3aHUX 3

HuMH CH++-aiimis.
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[rimamizamma kmacy AudioFileSourceFunction 3 mapameTpamn
(sec, channels, sample per sec, bits per sample)
v
OGuHcIeHHA
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bits per sample /8
len = sec * bytes per sec
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CtBopenns 3aronoBkiB RIFF, fmt 1 data
‘Veranopka noms wav_header.riff, wav_header.format 1
wav header.data

PesepByBaHHS maM'ATI
UL (PYHKITII KaHaTiB
funcs.reserve(channels)

[aimamsania pos, size, is_ready, is_unique
pos =0

size = sizeof(WavHeader) + len

1s_ready = false

is_unique = false

I

Buxmuk nectpykropa ~AudioFileSourceFunction()

‘ 3axpurra daitny close() ‘

Buxmuk Metony read(void* data, uint32 t len)
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saveURL[0] =0
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open(url)
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http.GET()
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read(void *data, uint32 t len)
readNonBlock(void *data, uint32 t len)
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I
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readInternal(data, len, false/true)
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h 4

seek(int32 t
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pos, int dir)

h 4
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h 4
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close()
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ANNOTATION

The subject of the qualification work: "Software and technical tool for
controlling sound codecs based on the ESP8266 microcontroller".

The author of the work: Kahoka Blessing.

Head of work: Lysenko Sergii.

Explanatory note: 62 pp., 12 figures, 1 table, 4 appendices, 51 sources.

Graphic part: 3 drawings.

SOUND CODEC MANAGEMENT SOFTWARE, MICROCONTROLLER,
ESP8266.

The aim of the thesis is to develop a software and technical tool for controlling
sound codecs based on the ESP8266 microcontroller.

The object of the research is the control of sound codecs based on the ESP8266
microcontroller.

The subject of the study is a software and technical tool for controlling sound
codecs based on the ESP8266 microcontroller.

During the conduct of this study, the method of systematic literature review was

used to study and analyze the subject area of this study from text sources of

information.
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INTRODUCTION

The relevance of system software (SW) to support multimedia in microcontroller
systems is growing in the modern world every day, and here is why:

1. Increasing functionality of microcontrollers. Modern microcontrollers are
becoming more and more powerful and functional. They are no longer limited to simple
tasks, but are also used in many applications, including multimedia, such as audio, video,
and graphics processing.

2. Expanding applications of microcontrollers. Microcontroller systems are used
in a wide range of applications, including the automotive industry, medical devices, home
appliances, industrial systems, and more. In many of these areas, it is important to be able
to process and display multimedia content.

3. Increasing requirements for visualization and interactivity. In many cases, users
and systems require high quality sound, images, and other multimedia elements to provide
better interaction and visualization of information.

4. Development of the Internet of Things (IoT). In the IoT network, a large
number of devices require processing and transmission of multimedia data. For example,
video cameras, audio systems, smart home devices - all of them require multimedia
support for efficient operation.

5. Virtualization and use of graphical interfaces. GUI systems require multimedia
support for effective virtualization and display of graphics, which allows for more
convenient and intuitive devices.

6. Expanded capabilities of sound systems. In many applications, sound quality is
important, such as in automotive systems, home audio systems, medical devices, and
more. Multimedia support is key to achieving high sound quality.

All of these factors make it important to develop and implement system software
for microcontrollers that provides multimedia support, including video codecs, graphics
libraries, and other components for optimal processing and playback of multimedia

content.
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1 MULTIMEDIA SUPPORT SYSTEMS BASED ON SOUND CODECS

1.1 The concept of sound codecs

A sound codec (from "codec" - coder-decoder) is software or hardware that encodes
and decodes audio signals. The main purpose of an audio codec is to reduce the amount
of data without losing significant audio quality.

It is important to understand that audio signals in digital form can take up much
more space than analog signals. Audio codecs are used to compress audio data for more
efficient storage and transmission. They can be classified into two main categories:

Lossy codecs (Lossy Codecs). These codecs compress audio data by removing
some information that is considered less important to the human ear. Examples of lossy
codecs are MP3, AAC, and Ogg Vorbis.

Lossless Codecs. They compress audio data without losing quality. They reduce
the amount of data, but at the same time you can restore the original audio signal without
any loss. Examples of lossless codecs are FLAC, ALAC, and WAYV.

Audio codecs are used in various fields such as audio recording, audio transmission

over networks, audio streaming, and in various multimedia devices.

1.2 Relevance of the use of sound codecs

An audio codec is software or hardware capable of encoding or decoding audio
signals. This is typically used to compress audio data to reduce its size when transmitted
or stored.

1.2.1 Codingand decoding

An audio codec is capable of converting audio signals into a digital format during
encoding and restoring them to their original form during decoding. This process is

important to ensure efficient storage or transfer of audio data.
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1.2.2 Compression data

One of the main functions of an audio codec is to compress audio data to reduce
the size of a file or data stream. This is especially important in today's networks and

devices where data volume is a critical factor.

1.2.3Applicationlossy and lossless compression (Lossy and Lossless

Compression)

Some codecs lose some information during compression (lossy compression),
which results in some loss of audio quality. Other codecs retain all information (lossless
compression), but may take up more space.

Understanding different compression algorithms such as MPEG, AAC, MP3,
FLAC, etc. is important. Each of these algorithms has its advantages and disadvantages,

which affect the quality and volume of compressed audio data.
1.2.4 Relevanceuse of sound codecs

Topicalitythe use of audio codecs is in the following areas:

1. Network transmission.

2. Media storage.

3. Audio processing.

4. Mobile devices.

5. Audio and video conferences.

In today's world, where streaming services, video conferencing and online games
are the norm, audio codecs play a key role in the transmission of audio data over the
Internet. Effective compression allows you to maintain high-quality sound while

minimizing bandwidth.
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Audio codecs are also used to compress and store audio files on devices and in
cloud services.

In the field of audio processing and music production, sound codecs allow you to
work with audio data, reducing its volume without significant loss of quality.

Audio codecs are used in smartphones, headphones and other mobile devices to
optimize space for storing and transmitting audio data.

Codecs are used to provide quality sound in video conferencing platforms where it
is important to have a clear and realistic sound.

Understanding audio codecs is an important element, especially if they are aimed

at software or hardware developmentfor processing and transmission of audio data.

1.3 The process of data compression in audio codecs

Data compression in audio codecs is the process of reducing the volume of audio
information using various methods, which allows you to save an audio file or audio signal
with a smaller number of bytes.

This allows you to reduce bandwidth for transmitting audio data over networks,
save storage space, and ensure efficient use of resources.

Audio codecs use two main types of data compression: lossy and lossless.

During lossy compression, some audio information is lost to reduce the amount of
data.

This method is widely used in audio codecs such as MP3, AAC, WMA, and others.
They use different algorithms, such as removing unnecessary fragments, psychoacoustic
models, and others, to compress audio without significant loss of quality for most
listeners.

Advantages of the method: effective amount of compression, well suited for
streaming and storing music on devices with limited memory.

Disadvantages of the method: loss of quality, especially with a high degree of

compression. But for most people the losses are imperceptible or acceptable.
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During lossless compression, all audio data is preserved exactly and can be restored
in its original form.

Lossless compression is used in audio codecs such as FLAC, ALAC, and APE.
This is useful for situations where high quality without data loss is important, such as in
a music studio or archival storage.

Advantages of the method: Fully reproduces the original audio information without
loss of quality.

Disadvantages of the method: Lossless files usually take up more space than their
lossy counterparts, making them less practical for storage on devices with limited memory
or for transmission over a network with limited bandwidth.

The choice between lossy and lossless compression depends on specific needs,

which may include audio quality, storage space availability,and data transfer rate.

1.4 Types of codecs

There are many types of audio codecs, each of which has its own characteristics
and applications. Below are several types of audio codecs that are popular and widely
used.

MP3 (MPEG Audio Layer III). Type: lossy. Application: One of the most common
formats for audio compression. It is used to store music and audio content in various
devices.

AAC (Advanced Audio Coding). Type: lossy.

Often used in media players, smartphones, streaming platforms such as Apple
Music and Spotify.

FLAC (Free Lossless Audio Codec). Type: lossless. Provides fully lossless
compression, often used in audiophile audio systems and for storing archival copies of
audio files.

ALAC (Apple Lossless Audio Codec). Type: lossless. Application: Developed by

Apple, used in environments where compatibility with Apple products is important.
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WAV (Waveform Audio File Format). Type: uncompressed (lossless) or
compressed (lossy).

It is often used to store high-quality uncompressed audio recordings. Can also be
used with various compression codecs.

Opus. Type: lossy or lossless. Optimized for real-time use such as VolP, streaming
video and audio chat.

Vorbis. Type: lossy. A free codec used in video games and Internet radio.

Dolby Digital (AC-3). Type: lossy. Widely used for encoding audio in video files,
DVDs, and television.

DTS (Digital Theater Systems). Type: lossy. Used in movie theaters, home theaters
and various media players.

Monkey's Audio (APE). Type: Lossless. Used to compress audio files without loss
of quality.

Choosing a specific audio codec depends on specific needs, such as quality, file

size, device support, and other factors.

1.5 Known software system libraries for encoding and decoding audio codecs

A program library is a set of functions and procedures that can be used by programs
to perform certain tasks without having to write code from scratch. The library includes
ready-to-use code that the developer can call in his program to perform specific
operations.

Basic concepts related to software libraries:

1. Functions. The library contains functions that can be called from program code.
Functions perform certain tasks and allow the developer to use ready-made code for
certain operations.

2. Methods. The term "method" is used when talking about object-oriented
libraries. A method is a function that is associated with a specific object or class in a

program.

ApkK.

QWCE.20010. 20.01.01 EN 10

Bm. JApk. | Ne nokym. |ITignucPlara




3. Classes and objects. Some libraries may include classes and objects that
provide a framework for organizing code and enable an object-oriented approach to
programming.

4. Interfaces. Interfaces define the way a program interacts with a library. If a
library has a well-defined interface, it makes it easier to use and integrate into other
programs.

5. Documentation. A library is usually accompanied by documentation that
explains how to use various functions and methods. Documentation is important for
developers using the library.

6. Versions. Libraries may have different versions that include bug fixes, new
features, and improvements. Developers should specify which version of the library they
are using.

Software libraries are widely used to facilitate the software development process
and promote code reuse. They can be written in different programming languages and
provide a convenient interface to use their functions and methods.

Different libraries are available for encoding and decoding audio codecs,
depending on the programming language and platform. Below are some of the most
common libraries for parsing and decoding audio codecs:

1. FFmpeg. Language: C. FFmpeg is a powerful multimedia data processing
library that supports audio and video decoding, encoding, transcoding, and streaming. It
supports a wide range of audio codecs, making it a popular choice for multimedia
projects.

2. Libsndfile. Language: C. Libsndfile is a C library designed to work with
various audio file formats. It supports reading and writing audio files and provides a
simple interface for decoding and encoding audio data.

3. Opus. Language: C. Opus is an open source, free audio codec designed for
efficient low-latency audio compression and streaming. It is suitable for a wide range of
applications and is commonly used for voice over IP (VolP) and real-time

communication.
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4. Vorbis. Language: C. Vorbis is an open source program: Vorbis is a free and
open source audio codec developed by the Xiph.Org Foundation. It provides high-quality
audio compression and is commonly used for streaming and internet radio.

5. MPGI123. Language: C. MPG123 is a fast and freely distributed audio codec:
MPG123 is a fast, free, open source MPEG audio decoder library. It is designed for
decoding audio files and streams in MPEG format and is widely used in various audio
programs.

6. AudioToolbox. Language: Objective-C (10S/macOS). AudioToolbox is an
Apple development framework for 10S and macOS. It includes an API for decoding and
encoding audio files, supporting various formats such as AAC, MP3 and others.

7. JavaZoom JLayer. Language: Java. JLayer is a Java library for decoding MP3
files. It provides a simple API for working with MP3 audio data and is commonly used
in Java applications that require MP3 decoding functionality.

8. GStreamer. Language: C (with bindings for different languages). GStreamer is
a multimedia framework that supports the construction of graphs for processing
multimedia components. It includes plug-ins for various codecs that allow you to decode
and encode audio and video.

Factors such as the programming language you're using, the specific audio codecs
you need to support, and the licensing requirements for your project should be considered
when choosing a library.

Also, check for compatibility with the target platform and the level of community

support for ongoing maintenance and updates.

1.6 Use of audio codecs in Internet of Things (IoT) systems

The use of audio codecs in Internet of Things (IoT) systems can be diverse and
include the following aspects:
I. Sound Alerts and Alarms. Audio codecs can be used to play beeps or

notifications. This can be useful for informing users about various events or device status.
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2. Voice Commands and Responses. Embedded [oT systems can use audio codecs
to process and recognize user voice commands or to provide voice responses.

3. Multimedia Applications. In some cases, especially in leisure or entertainment
devices, audio codecs may be used to play music or other multimedia content.

4. Telephony and Video communication. Some IoT devices may have telephony
or video capabilities, and audio codecs are used to process and transmit audio data.

5. Analysis of Sound Signals. In some cases, IoT devices may use audio codecs
for audio signal analysis, such as noise detection, voice recognition, or audio ambient
monitoring.

6. Volume Detectors and Sound Sensors. In some applications, audio codecs are
used as sensitive sensors to measure loudness or to detect specific sound patterns.

7. Monitoring and Security Systems. Applications of audio codecs may include
monitoring and security systems where sound may be used to detect emergencies or
events.

8. Language Assessment Systems. Audio codecs can be used to create speech
evaluation systems that analyze the quality and characteristics of pronunciation.

It is important to consider that the choice of audio codecs in IoT systems is related
to resource constraints, such as power, memory and computing power, which may affect

the choice of a particular solution.

1.7 Relevance of using microcontrollers for Internet of Things (IoT) systems

Microcontrollers remain key components for Internet of Things (IoT) systems and

are relevant for several reasons:
1. Low Cost and Small Size. Microcontrollers are characterized by low
manufacturing costs and small dimensions, which make them ideal for
embedded systems with limited resources, which is characteristic of many loT

devices.
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. Low energy consumption. Many microcontrollers are optimized for low power

consumption, which is an important aspect for wireless loT devices that can run

on batteries.

. Built-in Peripheral Devices. Microcontrollers often have built-in peripherals

such as analog-to-digital converters (ADCs), timers, and communication

interfaces, which facilitates their integration into loT systems.

. Wireless support. Many microcontrollers support various wireless technologies

such as Wi-Fi, Bluetooth, Zigbee, LoRa, which makes them ideal for connecting

to [oT networks.

. Ease of programming. Many microcontrollers have well-developed

development tools and programming environments that allow developers to

easily create programs to use them.

. Availability of a wide range. There are a large number of microcontrollers

available from different manufacturers, allowing developers to choose the

device that best suits their specific needs and project requirements.

. Simplifying software development. Microcontrollers are commonly used in

simple embedded systems, which simplifies software development for IoT

devices compared to more powerful microprocessors or microcomputers.

. Protection and Security Capabilities. Some microcontrollers include attack

protection and have built-in tools to keep IoT devices secure.

. Wide range of applications. Microcontrollers are used in a variety of industries,

such as automotive, medical, industrial, home appliances, and others, which

proves their versatility.

In summary, microcontrollers remain relevant for loT systems due to their

advantages in resource optimization, energy efficiency, and wireless support.

1.8 Control of sound codecs based on the ESP&8266 microcontroller
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To implement audio codec control based on the ESP8266 microcontroller, you first
need to determine the specific audio codec you plan to use, as different codecs may
require different approaches.

However, a general approach to implementing audio codec management might
include the following steps:

1. Selecting the audio codec. Choose the sound codec that suits your requirements
and the capabilities of the ESP8266. The most common codecs include PCM, I2S, or
analog audio output capabilities.

2. Connecting the sound codec to the ESP8266. Ensure that the audio codec is
properly connected to the ESP8266 microcontroller using the necessary interfaces (eg I12S
or SPI for digital codecs, or analog pins for analog codecs).

3. Connection and sound configuration. Use the SDK or framework for ESP8266
to set up connectivity and sound configuration. This may include setting the correct
settings (resolution, sample rate, etc.) for the audio output.

4. Management software development. Write software for the ESP8266 that
allows you to control the audio output. This may include code for initialization, reading
and playing audio files, responding to control commands, analyzing audio signals, etc.

5. Sound processing. If necessary, enable sound processing functions such as
equalizer, noise reduction, or other effects depending on your usage.

6. Testing and debugging. Test the system, make sure that the sound is output
correctly and meets the requirements. Adjust the settings as necessary.

7. Integration into an IoT project. Integrate the developed software into your [oT
project. Ensure interaction with other modules and functionality of the device.

8. Ensuring security and optimization. Consider security issues, in particular, if
the device is connected to the Internet. Optimize your code to make efficient use of
ESP8266 resources.

9. Documentation and support. Document the software you develop and provide

support for other developers who can work with your code.
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This process may vary depending on the specific codec, framework, or SDK you're

using, but the general approach remains the same for many ESP8266 audio solutions.

1.9 Conclusion

In the chapter several important points were carefully considered in order to clarify
the significance and potential benefits of developing multimedia support system software
for ATMega328-based microcontroller systems.

The development of system software (SSP) to support multimedia on ATMega328-
based microcontroller systems can have its applications and relevance in a number of
scenarios. However, one should take into account the limited resources of these
microcontrollers, in particular in the area of memory and computing capabilities. Below
we will consider some options and scenarios where the development of such an SDR may
be appropriate:

The development of SDRs for processing audio data can be relevant for creating
audio projects such as simple synthesizers, recording audio signals, sound effects, and
other audio-like applications.

Using a microcontroller to develop simple musical instruments or sequencers
where audio signal processing is important.

Providing support for sound visualization through LEDs (e.g. response to music)
can be relevant for entertainment and art installations.

In some cases, where it is necessary to process or display video data on the display,
it is possible to consider the development of simple systems, for example, to display
animations or text information.

Development of simple interactive games or game projects where sound or graphic
elements are important.

It is worth noting that in modern conditions, more powerful platforms such as ARM
Cortex-M or the use of specialized chips that have more resources for such tasks are often

used for complex tasks in the field of multimedia on microcontrollers.
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Thus, the relevance of developing system software for multimedia on ATMega328

microcontrollers depends on the specific task and requirements of the project, as well as

on the readiness to work with the limited resources of this microcontroller.
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2 DESCRIPION OF THE COMPONENTS FOR THE SOFTWARE AND
TECHNICAL TOOL FOR CONTROLLING SOUND CODECS BASED ON THE
ESP8266 MICROCONTROLLER

2.1 SP8266Audio

An Arduino library designed to parse and decode audio files such as MOD, WAV,
MP3, FLAC, MIDI, AAC, and RTTL, facilitating playback on an 12S DAC or a software-
simulated delta-sigma DAC with dynamic 32x-128x oversampling.

The library offers full support for the ESP8266, with extensive maturity, and also
provides substantial support for the ESP32, utilizing both its built-in DAC and external
DAC:.

For autonomous, real-time speech synthesis, consider using ESP8266SAM. This
library, which builds on the aforementioned library, leverages an old formant-based
synthesis program to enable speech capabilities on the ESP8266, requiring minimal
memory and no network connection.

The MOD routines were sourced from StellarPlayer, and the MP3 routines from
libMAD.

The AAC decoding code comes from the Helix project, licensed under
RealNetwork's RSPL. For commercial use, you will still need AAC licensing from Via
Licensing.

On the ESP32, AAC-SBR is supported, which many web radio stations use to
further reduce bandwidth. Unfortunately, the ESP8266 does not support AAC-SBR due
to insufficient onboard RAM.

MIDI decoding is achieved through a heavily adapted MIDITONES combined with
a significantly memory-optimized TinySoundFont. Refer to the respective source files for
more details.

Opus, OGG, and OpusFile libraries are from Xiph.org, licensed under the Xiph
license, with patent details available in src/{opusfile,libggg,libopus}/COPYING.
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Opus decoding currently only works on the ESP32 due to its high memory
requirements.

The ESP8266Audio library was used for project.

To get started, we hato ensure we are using version 2.6.3 or later of the Arduino

libraries for ESP8266, or the latest ESP32 SDK from Espressif.

2.2 Installation

Install the library in to the directory

~/Arduino/libraries

mkdir -p ~/Arduino/libraries

cd ~/Arduino/libraries

git clone https://github.com/myP8266Audio

When in the IDE please select the following options on
the ESP8266:

Tools->1wIP Variant->vl.4 Open Source, or V2 Higher
Bandwidth

Tools->CPU Frequency—->160MHz

2.3 Audiolnput

Create an AudiolnputXXX source that points to your input file and an
AudioOutputXXX sink, which can be configured as either an 12S, 12S-sw-DAC, or
"Serial WAV" to write a WAV file to the Serial port for later use on your development
system.

Additionally, set up an AudioGeneratorXXX to handle decoding the input and
sending it to the output.

After setting these up, you need to call the AudioGeneratorXXX::loop() function

within your main loop() one or more times.
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This function reads the necessary parts of the file, fills the 12S buffers, and returns
immediately.

Because this process is not interrupt-driven, having long delay() calls in your code
can cause playback hiccups.

To avoid this, either break large delays into smaller segments with calls to
AudioGenerator::loop() in between or reduce the sampling rate to lower the number of
samples needed per second.

Refer to the examples directory for basic demonstrations.

The snippet below illustrates how to play an MP3 file using the simulated 12S DAC:

2.4 AudioFileSource classes

AudioFileSource: This serves as a foundational class that implements a
straightforward read-only "file" interface. Its necessity arises from the varied filesystem
implementations across Arduino, each with its own unique attributes.

By utilizing this wrapper, the complexities of individual filesystems can be
abstracted, thereby simplifying the AudioGenerator, which exclusively relies on these
straightforward functions.

AudioFileSourceSPIFFS is designed to read files from the SPIFFS filesystem in
the controller.

AudioFileSourcePROGMEM is designed to read files from a PROGMEM array.
On UNIX systems, one can utilize "xxd -1 file.mp3 > file.h" to obtain the basic format.
Following this, adding "const" and "PROGMEM" to the generated array and including it
in the sketch is necessary.

AudioFileSourceHTTPStream is the implementation facilitates simple streaming
HTTP reading for ShoutCast-type MP3 streaming.

While it is functional, it is not yet fully resilient. Moreover, at 44.1kHz 128-bit, it
may stutter due to CPU limitations, albeit it generally operates as intended.

AudioFileSourceBuffer - Double buffering, useful for HTTP streams.
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AudioFileSourceBuffer serves as an input source that supplements the output of
any other AudioFileSource with an additional RAM buffer.

This feature is especially beneficial for web streaming scenarios, where
maintaining 1-2 packets in memory is crucial to ensure smooth playback without
interruptions.

To implement this, first, create your standard input file source.

Then, create the buffer with the original source as its input. Finally, pass this buffer
object to the generator.

This setup ensures that the audio data is buffered appropriately, enhancing the
streaming experience and minimizing playback disruptions.

AudioGeneratorMP3 *mp3;

AudioFileSourceHTTPStream *file;

AudioFileSourceBuffer *buff;

AudioOutputI2SNoDAC *out;

// Create the HTTP stream normally

file = new
AudioFileSourceHTTPStream ("http://your.url.here/mp3") ;

// Create a buffer using that stream

buff = new AudioFileSourceBuffer (file, 2048);

out = new AudioOutputI2SNoDAC () ;

mp3 = new AudioGeneratorMP3 () ;

// Pass in the *buffer*, not the *http stream* to
enable buffering

mp3->begin (buff, out);

AudioFileSourcelD3 - ID3 stream parser filter with a user-specified callback.
This class accepts any other AudioFileSource as input and produces an

AudioFileSource that is compatible with any decoder.
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Additionally, it automatically extracts ID3 tags from MP3 files. You must define a
callback function, which will be invoked as tags are decoded.
This enables you to update your user interface (UI) state with this information

dynamically. For further details, refer to the PlayMP3FromSPIFFS example.

2.5 AudioGenerator classes

AudioGenerator serves as the foundational class for all file decoders. It requires an
AudioFileSource and an AudioOutput object to retrieve data from and write decoded
samples to, respectively.

To ensure uninterrupted playback without skipping, call its loop() function as
frequently as possible to keep the buffers adequately filled.

AudioGeneratorWAV is the decoder that reads and plays Microsoft WAVE
(.\WAYV) format files of 8 or 16 bits.

AudioGeneratorMOD 1is designed to read and play Amiga ModTracker files
(.MOD). To handle the numerous SPIFFS reads required for raw instrument sample data
retrieval, it's recommended to use a 160MHz clock.

AudioGeneratorMP3 is a specifically for reading and playing MP3 format files
(.MP3) using a ported libMAD library.

To decode 128KBit 44.1KHz MP3s smoothly, a 160MHz clock is advisable.

AudioGeneratorFLACis a decoder plays FLAC files via a ported libflac-1.3.2
library. It typically requires around 30KB of heap and minimal stack.

AudioGeneratorMIDI utilizes a wavetable synthesizer and a SoundFont2
wavetable input to play MIDI files.

While theoretically capable of handling up to 16 simultaneous notes, the actual
number may vary depending on the memory required for the SF2 structures.

AudioGeneratorAAC requires approximately 30KB of heap and plays mono or
stereo AAC files using the Helix fixed-point AAC decoder.
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AudioGeneratorRTTTL offers the enjoyment of monophonic, 4-octave ringtones

on your ESP8266 with very low memory and CPU requirements for simple tunes.

2.6 AudioOutput classes

AudioOutput serves as the foundational class for all output drivers.

It processes one sample at a time and returns true or false based on whether there
is buffer space available for it.

If false is returned, it is the responsibility of the calling object (AudioGenerator)
to retain the data that didn't fit and attempt again later.

AudioOutputI2S is an interface and is designed for any 12S 16-bit DAC.

It sends stereo or mono signals at the set frequency. Tested with Adafruit's 2SDAC
and a Beyond9032 DAC from eBay, functioning reliably up to 44.1KHz.

To utilize the internal DAC on ESP32, instantiate this class as
AudioOutputl2S(0,1).

AudioOutputl2SNoDAC is a class that exploits the 12S interface to play music
without a DAC, effectively converting it into a 32x or higher oversampling delta-sigma
DAC.

Use the provided schematic to drive a speaker or headphone from the 12STx pin
(Rx).

Depending on the transistor used, you may need to disconnect the Rx pin from the
driver for serial uploads. This interface supports mono-only output.

AudioOutputSPDIF (experimental): Another interface leveraging the I2S
peripheral to transmit BMC encoded S/PDIF bitstream. To interface with an S/PDIF
receiver, it requires an optical or coaxial transceiver.

It should function even with a basic setup with a red LED and current-limiting

resistor fed into a TOSLINK cable.

ApkK.

QWCE.20010. 20.01.01 EN 53

Bm. JApk. | Ne nokym. |ITignucPlara




The minimum supported sample rate is 32KHz. Due to BMC coding, the actual
symbol rate on the pin is 4x the normal 12S data rate, which quickly depletes DMA
buffers.

AudioOutputSerial WAV: Writes binary WAV format data with headers to the
Serial port. If you capture the serial output to a file, you can play it back on your
development system.

AudioOutputSPIFFSWAYV is a class that writes binary WAV format data with
headers to a SPIFFS filesystem. Ensure the filesystem is mounted and SPIFFS is started
before calling. Use the SetFilename() function to select the output file before starting.

AudioOutputNull discards samples to /dev/null. Primarily used for speed testing as
it doesn't artificially limit the AudioGenerator output speed since there are no buffers to
fill/drain.I2S DACs. Project uses the Adafruit 12S +3W amp DAC and a generic
PCM5102 based DAC.

The essential pins are presented in the table 2.1.

Table 2.1 — The essential pins

12S pin Common label* ESP8266 pin
LRC D4 GPIO2

BCLK D8 GPIO15
DIN RX GPIO3

The "common label" column provided here is applicable to widely used NodeMCU

and D1 Mini development boards. However, it's worth noting that some manufacturers
may use different mappings, so the labels listed here might not correspond exactly to your

specific model.

2.7 Adafruit 12S DAC and PCM5102 DAC

This setup is straightforward and requires only the GND, VIN, LRC, BCLK, and
DIN pins to be connected. We have to take sure to use +5V on the VIN pin to achieve the

ApkK.

QWCE.20010. 20.01.01 EN 4

3um. JApK.

No jokym. |ITignuc JlaTa




maximum volume. Various versions of PCM5102 DAC boards and regardless of the form
factor, they've all had the same pinout were used. Beyond the 12S interface itself, there
are several input configuration pins that need to be wired:

— Connect the 3.3V from ESP8266 to VCC, 33V, and XMT.

— Connect the GND from ESP8266 to GND, FLT, DMP, FMT, and SCL.

— For the standard 12S interface:

— Connect BCLK to BCK.

— Connect 12SO to DIN.

— Connect LRCLK (WS) to LCK.

There are numerous variants available, and most should work adequately with this
code and the ESP8266. Additionally, remember to tie off any unused inputs to either GND
or VCC as necessary. Leaving an input pin floating on any integrated circuit can lead to
unstable operation as it may pick up environmental noise due to its very low input

capacitance, potentially causing disruption with internal IC settings.

2.9 Software 128 Delta-Sigma DAC (i.e. playing music with a single transistor

and speaker)

For optimal audio quality, especially in stereo, investing in a genuine 12S DAC is
recommended. Adafruit offers an excellent mono option with an amplifier, while stereo
unamplified DACs can be found inexpensively on eBay or other platforms.

However, if you're looking for a budget-friendly solution, the software delta-sigma
DAC with 32x oversampling (up to 128x if the audio rate permits) still provides
satisfactory sound quality. To implement this, AudioOutputl2SNoDAC object instead of
AudioOutputI2S in your code was used. Additionally, refer to the following schematic to
drive a 2-3W speaker using a single inexpensive NPN 2N3904 transistor and a ~1K
resistor 2N3904 (NPN).

Device scheme is presented in Figure 2.1.
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Another consideration for improved performance is to include a 220uF capacitor
from USB5V to GND. This addition helps filter out any voltage droop that may occur

during high-volume playback, contributing to smoother operation.

2N3984 (NPN)

+---m-m--- -
| | +- |
' E B C | /s
+-[--]--1-+ | Pl
| |+ + E|
| | Al
ESP8266-GND --------—————————- | - + K|
| | E|
ESP8266-I250UT (RX) ----- TAVAVATEE SN \ R]
| +-|
1= 3 +

Figure 2.1 — Device scheme

If a 5V source isn't available on your ESP model, you can utilize the 5V from your
USB serial adapter, or alternatively, the 3V from the ESP8266 (although this may result
in lower volume output).

It's crucial not to attempt to drive the speaker directly without the transistor. The
pins on the ESP8266 cannot supply sufficient current to drive even a headphone
effectively, and attempting to do so may risk damaging your device.

Here are the connections as presented in figure 2.2.

ESP8266-RX(I2S tx) -- Resistor (~1K ohm, not critical) -- 2N3984 Base

ESP8266-GND -- 2N3984 Emitter
USB-5V -- Speaker + Terminal
2N3984-Collector -- Speaker - Terminal

Figure 2.2 - Connections
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In a previous version of this schematic, there was a direct connection from the
ESP8266 to the base of the transistor.

While this setup does provide maximum amplitude, it can also draw more current
from the ESP8266 than is safe, potentially causing the transistor to overheat.

In the latest ESP8266Audio release, with the software delta-sigma DAC, the
LRCLK and BCLK pins are now available for application use. You can use normal

pinMode, digitalWrite, or digitalRead functions as desired.

2.10 High pitched buzzing with the 1-T circuit

It's important to note that the 1-T amp cannot drive any type of amplified speaker.
If the speaker requires power, USB input, has lights, Bluetooth, or a battery, it cannot be
used with this circuit.

The 1T output produces a binary signal at either OV or 5V, without any
intermediary levels. When connected directly to an 8-ohm paper physical speaker, the
inertia of the speaker cone acts as a low-pass filter, averaging the density of pulses to
produce a smooth, analog output. However, when the 1T output is connected to an
amplifier, it alternates between grounding and overdriving the op-amp's input at a high
frequency. This can cause ringing, and since op-amps typically have a high-frequency
response, they amplify the high-frequency noise, resulting in buzzing.

The same issue may occur with piezo speakers, which have a very high-frequency
response and little to no inertia. This can lead to buzzing at high frequencies.

One workaround is to connect the 1T output to a low-pass filter and then feed that
into an amplifier.

However, at this point, it may be simpler to just use an 12S DAC, which avoids

these issues altogether and provides stereo and true 16-bit output.

2.11 Debugging the 1-T amp circuit
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If you've assembled the amplifier but aren't getting any sound, it has outlined a
helpful debugging sequence to troubleshoot the issue.

Double-check the wiring to ensure correctness. GPIO pins and board pins may not
always align and can vary significantly between brands of ESP8266 carrier boards.

We have to verify that the transistor is connected properly. Refer to the datasheet
for the specific package style and ensure that the leads are connected correctly. Note that
in this package style, the lead that is solitary in the middle of one side is the collector, not
the base as one might expect.

Confirm if there is approximately 5 volts between the collector and emitter of the
transistor. Consider whether the transistor may have been damaged or overheated during
soldering or due to improper connection. Perform an out-of-circuit diode check voltage
drop test using a multimeter from base to emitter and base to collector. The voltage drop
should be between 0.5 and 0.7 volts. If it's shorted, open, or conducting in both directions,

replace the transistor and ensure it is connected correctly.

2.12 SPDIF optical output

The recommended method is to use an optical TOSLINK transmitter, such as
TOTXxxx. For testing purposes, you can try using a ~660nm red LED and a resistor.
This setup is similar to your basic Blink project with an external LED, except that

the LED will blink at a slightly faster rate (Figure 2.3).

ESP Pin ------- | e -
l
V LED
|
Ground --------mm e +
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Figure 2.3 — Scheme for LED

For ESP8266 with a red LED (with a ~1.9V forward voltage drop), you'll need a
minimum 150-ohm resistor (to limit the current to a maximum of 12mA per pin).

The output pin is fixed and should be connected to GPIO3/RXO0.

On the ESP32, the  output pin can be configured using
AudioOutputSPDIF(gpio num), allowing for greater flexibility in pin selection.

2.13 Using external SPI RAM to increase buffer

A class has been implemented to facilitate the use of a 23L.C1024 SPI RAM from
Microchip as an input buffer. This chip connects to the ESP8266 HSPI port and provides
a sizable buffer to mitigate playback hiccups when streaming web content.

The current version allows for the utilization of the standard hardware CS
(GPIO15) or any other pin through software, albeit with slightly reduced performance.

Below is an example schematic illustrating this setup (Figure 2.4).

2.14 Usage of the SD cards and ESP8266Audio

Wemos SD card shield utilizes GPIO15 as the SD chip select. This presents an
issue because GPIO15 is also assigned to I2SBCLK and is driven even if you're utilizing
the NoDAC option. To resolve this, we need to change the chip select (CS) to another pin
and update your program accordingly. Once this adjustment is made, your setup should

function correctly.

2.15 Porting to other microcontrollers

The AudioGenerator routines do not contain ESP8266-specific code, making

porting to other controllers relatively straightforward, provided they have the same
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endianness as the Xtensa core used. If we're considering porting to another controller,

feel free to reach out to me. I may be able to offer guidance to help steer you in the right

direction.
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https://github.com/earlephilhower/ESP8266Audio/blob/master/examples/StreamMP3FromHTTP_SPIRAM/Schema_Spiram.png

This chapter provides a comprehensive overview of the components, software, and
technical tools necessary for controlling sound codecs using the ESP8266
microcontroller. The chapter began with an introduction to the ESP8266Audio library,
highlighting its role and significance in managing audio operations on the ESP8266
platform. Detailed instructions on setting up the ESP8266Audio environment were
provided, ensuring that users can easily begin their projects. Various classes such as
Audiolnput, AudioFileSource, AudioGenerator, and AudioOutput were explained,
emphasizing their functionalities and how they interact to facilitate audio processing.

The integration and usage of different Digital-to-Analog Converters (DACs),
including the Adafruit 12S DAC and PCM5102 DAC, were explored. These components
are crucial for converting digital audio signals into analog signals that can be played
through speakers. The chapter covered the implementation of a software I12S Delta-Sigma
DAC, which allows for music playback using minimal hardware—specifically, a single
transistor and a speaker. This approach showcases the versatility and cost-effectiveness
of the ESP8266 microcontroller in audio applications.

Practical solutions for common issues, such as high-pitched buzzing with the 1-T
circuit and debugging the 1-T amp circuit, were provided, ensuring smoother
development and deployment processes. Advanced topics such as SPDIF optical output
and the use of external SPI RAM to increase buffer sizes were discussed, offering insights
into enhancing audio performance and expanding the capabilities of the ESP8266.

The usage of SD cards with ESP8266Audio was covered, providing a method for
handling large audio files and extending the storage capacity of the microcontroller.

The chapter touched upon the potential for porting the ESP8266Audio
functionalities to other microcontrollers, highlighting the adaptability and scalability of
the techniques discussed.

By addressing these key areas, the chapter equips developers with the knowledge
and tools required to effectively control sound codecs using the ESP8266 microcontroller.

From basic setup and input/output management to advanced troubleshooting and
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performance enhancement, the comprehensive coverage ensures that readers are well-
prepared to tackle a variety of audio-related projects. The versatility and robustness of the
ESP8266 platform, combined with the detailed guidance provided, pave the way for

innovative and efficient audio applications.
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3 IMPLEMENTATION OF THE SOFTWARE AND TECHNICAL TOOL
FOR CONTROLLING SOUND CODECS BASED ON THE ESP8266
MICROCONTROLLER

3.1 Software implementation

Software implementation includes the st of header files for implementation of the
software and technical tool for controlling sound codecs based on the esp8266

microcontroller. Let us consider them.

3.1.1 AudioFileSource header file implementation

AudioFileSource is a base class of an input "file" to be used by AudioGenerator.

The provided code defines the AudioFileSource class, which serves as an abstract
base class for managing audio file sources. This class provides a set of virtual functions
that can be implemented by derived classes to handle various audio file operations.

The key components and functionality of the AudioFileSource class are as follows:

1. Constructors and Destructors:

- AudioFileSource(): Default constructor.

- ~AudioFileSource(): Virtual destructor.

2. Audio File Operations:

- open(const char *filename) opens the specified audio file.

- read(void *data, uint32 t len) reads data from the open audio file.

- readNonBlock(void *data, uint32 t len) reads data from the open audio file in a
non-blocking manner.

- seek(int32 _t pos, int dir) seeks to a specific position in the open audio file.

- close() closes the open audio file.

- isOpen() checks if the audio file is currently open.

- getSize() retrieves the size of the open audio file.

- getPos() retrieves the current position in the open audio file.
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- loop() checks if the audio file should be played in a loop.

3. Callback Registration:

- RegisterMetadataCB(AudioStatus::metadataCBFn fn, void *data) registers a
callback function to handle audio metadata events.

- RegisterStatusCB(AudioStatus::statusCBFn fn, void *data) registers a callback
function to handle audio status events.

The AudioStatus class is used to manage the metadata and status callbacks for the
AudioFileSource class. It provides methods to register the callback functions and handle
the corresponding events.

The header filerepresents the structure and relationships of the AudioFileSource
class and its associated components. The diagram includes detailed explanations for each
of the class's methods, highlighting their purpose, parameters, and return values.

The diagram is organized into a single class diagram, with the AudioFileSource
class as the main component. The AudioStatus class is shown as a separate component,
with a composition relationship to the AudioFileSource class, indicating that the
AudioFileSource class uses the AudioStatus class to manage its callbacks.

The notes attached to the various methods provide concise and informative
explanations to help the user understand the functionality of each component within the
AudioFileSource class.

Here is a detailed header filewith explanations for the provided code:The provided
code consists of several classes that implement the AudioFileSource interface, each with
its own functionality and purpose.

AudioFileSourceBuffer class provides a buffered interface for reading data from
an underlying AudioFileSource. It maintains an internal buffer to optimize read
operations and handle potential underflow conditions. The buffer can be allocated
dynamically or provided as a pre-allocated memory buffer by the application.

The class supports seeking within the buffer and the underlying AudioFileSource.

It also provides methods to check the fill level of the buffer and loop the underlying

AudioFileSource.
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AudioFileSourceFS class provides an implementation of the AudioFileSource
interface for reading files from a filesystem (e.g., SPIFFS or FAT filesystem).

It encapsulates the filesystem-specific operations, such as opening, reading,
seeking, and closing files.

The class can be initialized with a specific filesystem instance or a filename to open
the file directly.

AudioFileSourceFunction generates audio data on-the-fly based on user-provided
callback functions.

It sets up a WAV header with the specified audio parameters (duration, channels,
sample rate, bit depth) and generates the audio data using the provided callback functions.

The class supports adding one or more callback functions, either unique for each
channel or shared across channels.

It provides methods to read the generated audio data, seek within the audio, and
retrieve information about the generated audio.

AudioFileSourceHTTPStream class provides an implementation of the
AudioFileSource interface for reading audio data from an HTTP stream.

It encapsulates the HTTP client functionality, including opening the stream,
reading data, and handling disconnections.

The class supports reconnecting to the stream if a disconnection occurs, with
configurable retry attempts and delay.

It provides methods to read data from the stream, both in blocking and non-
blocking modes, as well as to retrieve information about the stream, such as its size and
current position.

The header file provides a detailed visual representation of the logic and
functionality within each of these classes. The subgraphs represent the different classes,
and the nodes within each subgraph correspond to the key methods and operations
performed by the class.

The explanations provided alongside the diagram elements help to understand the

purpose and behavior of each component of the code, making it easier for the user to
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comprehend the overall structure and functionality of the audio file source

implementations.

The flowchart of the algorithm is shown in Figure 3.1.

Start

Class initialisation
AudioFileSource()

Opening a file
open(const char
*filename)

Is the file
open?
1sOpen()

Yes

file seek(int32_t

pos, int dir) End

Move around the [

The file is not open }

Closing a file
close()

Y

Callback registration
RegisterMetadataCB
(fn, data)
RegisterStatusCB(fn,
data)

End

Figure 3.1 - The flowchart of the algorithm

QWCE.20010. 20.01.01 EN

Bm. JApk. | Ne nokym. |ITignucPlara

ApkK.

36




3.1.2 AudioFileSourceBuffer header file implementation

The code implements an AudioFileSourceBuffer class which acts as a buffer for an
audio file meant for playback. It provides efficient access to the audio data by reducing
the number of reads required from the underlying audio source.

The class offers two constructors for flexibility:

One that takes an AudioFileSource object and a buffer size as parameters. This
likely creates a new buffer to hold the audio data.

Another that takes an AudioFileSource object, a pointer to an existing buffer and a
buffer size as parameters. This allows you to use a pre-allocated buffer.

The class includes a destructor to properly deallocate any memory it allocated for
the buffer.

The functions provided by the class are:

- Seek allows you to move the playback position within the audio file based on
different seek modes (e.g. moving a specific number of bytes forward or backward).

- Close closes the underlying audio source, likely releasing any resources

associated with it.

1sOpen checks if the underlying audio source is still open.

getSize gets the size of the entire audio file.

getPos gets the current playback position within the audio file.

getFillLevel gets the number of bytes currently filled in the buffer. This is
useful to determine how much data is available for playback without needing to read from
the source.

- read function for data access. It prioritizes reading from the buffer first for
efficiency. If the buffer doesn't have enough data to satisfy the read request, it then reads
from the underlying audio source.

- Fill function proactively tries to fill the buffer with data from the underlying
audio source when the buffer isn't full. This helps to avoid stalls during playback when

the buffer runs out of data.
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- Loop enables looping playback on the underlying audio source. This is useful
for creating continuous playback of the audio file.

The flowchart of the algorithm is shown in Figure 3.2.

Start

Class maitialisation

AudioFileSourceBuffer
Yes Need to No
allocate
memory for
a buffer?
Calling a constructor Calling a constructor
with memory without allocating
allocation memory

A J Y

k.

Calling the close()
method

Yes No

Need to free
up memory?

Freeing up memory Continuation

Calling the read(void
*data, uint32_t len) End
method

Figure 3.2 - The flowchart of the algorithm
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3.1.3 AudioFileSourceBuffer header file implementation

This code defines a header file for the AudioFileSourceBuffer class, which acts as
a buffer for audio data during playback. The header file serves two main purposes:

Constructor takes an AudioFileSource object and a buffer size as parameters. This
likely creates a new buffer to hold the audio data.

Another takes an AudioFileSource object, a pointer to an existing buffer, and a
buffer size as parameters. This allows you to use a pre-allocated buffer, providing more
flexibility in memory management.

The destructor (~AudioFileSourceBuffer) is responsible for proper deallocation of
any memory the class allocates for the buffer, ensuring efficient resource management.

Overridden virtual functions inherit from the parent class AudioFileSource and are
likely overridden to provide buffering functionality around the original implementation.

Read function prioritizes reading data from the buffer first for efficiency. If the
buffer doesn't have enough data to satisfy the read request, it then reads from the
underlying audio source.

Seek allows you to move the playback position within the audio file based on
different seek modes (e.g. moving a specific number of bytes forward or backward).

Close closes the underlying audio source, likely releasing any resources associated
with it.

1sOpen checks if the underlying audio source is still open.

getSize gets the size of the entire audio file.

getPos gets the current playback position within the audio file.

Loop enables looping playback on the underlying audio source. This is useful for
creating continuous playback of the audio file.

New member function retrieves the number of bytes currently filled in the buffer.
This is useful to determine how much data is available for playback without needing to

read from the source, improving efficiency.
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fill function is declared as private, meaning it can only be accessed by the
AudioFileSourceBuffer class itself. It's likely responsible for refilling the buffer from the
source when the buffer runs low on data, preventing playback stalls.

Member variables store information about the buffer, the underlying source, and
the playback state. They include:

Src is a pointer to the AudioFileSource object representing the underlying audio
source.

buffSize is the size of the buffer in bytes.

Buffer is a pointer to the buffer memory location.

deallocateBuffer is a flag indicating whether the class is responsible for
deallocating the buffer memory.

writePtr is a variable tracking the write position within the buffer (where new data
1S written).

readPtr is a variable tracking the read position within the buffer (where data is read
from).

Length is the number of bytes currently filled in the buffer.

Filled is a flag indicating whether the buffer is currently full.

By encapsulating these details within a header file, the code promotes better
organization, maintainability, and reusability of the AudioFileSourceBuffer class. Other
parts of the code can interact with the class through the public interface without needing

to know the internal implementation details.

3.1.4 AudioFileSourceFATFS header file implementation

AudioFileSourceFS defines a header file for the AudioFileSourceFATFS class,
specifically designed to work with ESP32 boards for playing audio files stored on a FAT
filesystem (commonly used in SD cards). It promotes code organization, reusability, and

separation of concerns.
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The class inherits from AudioFileSourceFS, which likely provides a foundation for
handling audio files from various file systems. This promotes code reuse and reduces
redundancy by inheriting common functionalities like read, seek, and close for audio file
manipulation.

The first constructor (AudioFileSourceFATFS()) is a default constructor with no
arguments. It likely serves as a base case for creating an AudioFileSourceFATFS object.

The second constructor (AudioFileSourceFATFS(const char *filename)) takes a
filename as a parameter but has a different behavior compared to a typical constructor. It
initializes the parent class (AudioFileSourceFS) but avoids calling the parent class's open
function directly with the filename. This suggests a potential design choice to avoid
unintended behavior in the parent class's open implementation.

Overridden open function: This function plays a crucial role in ensuring successful
playback from the SD card.

FAT Filesystem Mounting Check (!FFat.begin()) verifies if the FAT filesystem is
already mounted. If not, it attempts to mount the filesystem using the FFat.begin()
function.

Error Handling (!FFat.begin()) logs an error message using audioLogger->printf P
likely indicating an issue with the SD card or filesystem. It then returns false, signaling
an error to the calling code.

Successful Mounting (FFat.begin()) calls the parent class's
AudioFileSourceFS::open(filename) to perform the actual file opening process using the
provided filename.

In essence, this class acts as an adapter for the AudioFileSourceFS class,
specifically tailored to handle audio files stored on an SD card's FAT filesystem on ESP32
boards. It ensures proper filesystem mounting before attempting to open the audio file,
enhancing robustness and preventing potential errors during playback.

The flowchart of the algorithm is shown in Figure 3.3.
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Figure 3.3 - The flowchart of the algorithm

3.1.5 AudioFileSourceHTTPStream header file implementation

AudioFileSourceHTTPStream header file defines

AudioFileSourceHTTPStream class, designed to play audio streams delivered over HTTP

a header file for the
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protocols (like MP3 streams) on ESP32 or ESP8266 boards using the Arduino
framework. It promotes code modularity, reusability, and stream playback functionality.

udioFileSourceHTTPStream class inherits from the AudioFileSource class, likely
providing a foundation for handling audio data in a general way. This promotes code
reuse by inheriting functionalities like read, seek, and close which can be adapted for the
specific context of HTTP streams. Inherited functions might require re-implementation
to work with continuous streams that lack a fixed size and traditional seeking capabilities.

Member variables of the class are:

- Client is a WiFiClient object, likely used for managing the low-level network
connection to the HTTP server hosting the audio stream.

- httpis a HTTPClient object, used for sending HTTP requests and receiving data
chunks from the server in a higher-level manner compared to WiFiClient. It simplifies
the process of communicating with the server using HTTP protocol.

- Pos is an integer variable that might be intended to keep track of the current
playback position within the stream. However, unlike traditional audio files with a
defined size, HTTP streams are continuous and seeking to specific points might not be
possible. The value of pos might be used for informational purposes or limited seeking
capabilities within the stream.

- Size is aAn integer variable that might store the reported size of the stream if
available from the server. However, unlike downloadable files, HTTP streams are
typically open-ended and their total size might not be known beforehand. The value of
size could be used if reliable size information is provided by the server.

- reconnectTries is an integer used to configure the number of attempts to re-
establish the connection to the server in case the connection is lost during playback. This
helps with robustness in case of network interruptions.

- reconnectDelayMs is an integer specifying the delay (in milliseconds) between
reconnect attempts. It provides a way to control the frequency of retries and avoid

overwhelming the server with too many connection requests in a short time.
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- saveURL is a character array to store the URL of the audio stream. This is likely
used to reference the stream location and potentially manage multiple streams or
reconnect attempts.

Constructor  FileSourceHTTPStream() is for creating an  empty
AudioFileSourceHTTPStream object, potentially initializing member variables to default
values.

Constructor AudioFileSourceHTTPStream(const char *url) takes a URL as input
and might be responsible for several tasks:

Storing the URL in the saveURL member variable for future reference.

Creating or initializing the WiFiClient and HTTPClient objects for network
communication.

Potentially opening the HTTP connection to the provided URL and initiating the
stream. Depending on the server implementation, this might involve sending specific
HTTP requests or headers to start streaming the audio data.

Potentially buffering some initial data from the stream to avoid immediate delays
during playback.

Destructor (~AudioFileSourceHTTPStream) handles proper cleanup of resources
associated with the network connection and the HTTPClient object. It might close the
connection, release any allocated memory, and ensure the resources are freed to prevent
memory leaks.

Overridden virtual functions provide implementations specific to handling HTTP
audio streams, likely inheriting some behavior from the parent class AudioFileSource but
adapting it to the characteristics of continuous streams.

Function open(const char *url) is responsible for opening the HTTP connection to
the provided URL using the WiFiClient and HTTPClient objects. It might initiate the
process of retrieving audio data from the server.

Functionread(void *data, uint32 t len) trieves data from the stream and fills the
provided buffer with audio data. It might involve using the HTTPClient object to read

data chunks from the server in a loop until the requested amount of data (len) is fulfilled.
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Additionally, it might handle potential issues like connection errors or buffer underruns
(when not enough data is available to fill the buffer). Reconnection logic might be
implemented here to automatically attempt to re-establish a connection if it's lost during
playback.

Function readNonBlock(void *data, uint32 t len) provides a way to read data in a

non-blocking manner, potentially useful for avoiding delays in the playback process.

3.1.6 AudioFileSourceFS header file implementation

AudioFileSourceFS header file was esigned to work with various file systems (FS)
for audio playback on Arduino boards. It provides a foundation for handling audio files
stored on different storage media like SD cards or internal flash memory. It ensures the
class is only included once in a project, preventing errors from multiple inclusions.

The class inherits from AudioFileSource, which likely provides a foundation for
handling audio data in general. This promotes code reuse by leveraging existing
functionalities for error handling, basic read/write operations, and potential base class
implementations for close and isOpen.

The constructor AudioFileSourceFS(fs::FS &fs) takes a reference to an fs::FS
object as a parameter. This object likely represents the specific file system being used
(e.g., SD card filesystem, internal flash filesystem).

The constructor (AudioFileSourceFS(fs::FS &fs, const char *filename)) takes both
the file system reference and a filename as parameters. It likely attempts to open the
specified audio file using the provided file system.

Overridden member functions provide the functionalities for managing audio files
on a file system. open(const char *filename) function is responsible for opening the audio
file specified by the filename parameter using the file system referenced by the filesystem
member variable. It likely performs operations like opening the file, checking for errors,
and potentially storing the opened file handle internally. read(void *data, uint32 t len)

function allows reading audio data from the opened file. It likely reads a specified number
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of bytes (len) into the provided buffer (data). seek(int32 t pos, int dir) function enables
seeking within the audio file based on the specified position (pos) and direction (dir). The
implementation might vary depending on the underlying file system's capabilities. close()
function likely closes the previously opened audio file, releasing any resources associated
with it. isOpen() function checks if a file is currently open (f member variable) and
returns a boolean value indicating the open state. getSize() function might retrieve the
size of the audio file from the file system, potentially using the file system's functionalities
to determine the file size. getPos() function retrieves the current read position within the
opened file using the f.position() method of the fs::File object. Filesystem is areference
to an fs::FS object representing the specific file system being used. f: An fs::File object
stores the handle to the opened audio file. This is used for subsequent read/seek operations
on the file. By encapsulating these functionalities within a header file, the code promotes
better organization, maintainability, and reusability of the AudioFileSourceFS class.
Other parts of the code can interact with the class through the public interface without
needing to know the low-level details of interacting with different file systems.

The flowchart of the algorithm is shown in Figure 3.4.

3.1.7 AudioFileSourceFunction.cpp

Audio output generator can generate WAV file data from function.

This code defines a class named AudioFileSourceFunction that generates audio
data on the fly based on user-provided functions and stores it in a WAV container format.
It provides functionalities to control the generated audio data and offers an interface
compatible with the AudioFileSource class.

Constructor (AudioFileSourceFunction) takes arguments specifying audio
properties.

Sec 1s a duration of the audio in seconds (float).

Channels is the number of audio channels (e.g., mono = 1, stereo = 2).

sample per sec is a sample rate (number of samples per second).

ApkK.

QWCE.20010. 20.01.01 EN 46

Bm. JApk. | Ne nokym. |ITignucPlara




Start

Imitialize AudioFileSourceFS Constructor with FS & filename
AudioFileSourceFS(FS &fs, const char *filename)

h 4

Call Method
open(const char* filename)

Yes No

Call
filesystem->open(filename, "r")

\ |
v

filesystem->begin()

Open File with Filesystem
filesystem->open(filename, "r'")

Yes

Is File
Opened?

Retumn true Return false

| |
il

Call Method read(void *data, uint32_t len)

v

| Read Data from File fread(data, len) |
v

| Call Method seek(int32_t pos, mt dir) |

v
| Seek Position 1n File f.seek(pos, dir) |

v
| Call Method close() |

v
| Close File f.close() |

!
| Call Method isOpen() |

.

Is File Opened? Return f? true : false

!

| Call Method getSize() |

.

| Return File Size fsize() |

End

Figure 3.4 - The flowchart of the algorithm

ApkK.

QWCE.20010. 20.01.01 EN 47

JApxk. | Ne nokym. |ITignuc JlaTa




bits_per sample is a number of bits per sample (determines audio quality).

It calculates the total audio data size in bytes based on the provided parameters,
and creates a WAV header structure (wav_header) and fills it with the corresponding
values for chunk sizes, format details (channels, sample rate, etc.) based on the input
arguments.

Let us consider member variables.

Funcs is a vector to store user-provided functions (likely lambdas or function
pointers) that will be used to generate audio data for each channel.

Pos keeps track of the current read position within the audio data.

Size stores the total size of the audio data (including header).

is_ready is a flag indicating if the audio data generation is complete and ready for
reading.

is_unique is a flag indicating if the provided functions are unique for each channel
(otherwise the first function will be used for all channels).

Destructor (~AudioFileSourceFunction) calls the close function to ensure proper
cleanup.

read(void* data, uint32 t len) reads audio data from the in-memory WAV
container and copies it to the provided buffer (data) respecting the requested length (len).

For the header, it directly copies bytes from the pre-generated wav_header
structure.

For audio data, it calculates the current time based on the read position and calls
the appropriate user-provided function (funcs[channel]) to generate a sample value. This
is done for each channel.

Based on the number of bits per sample, it converts the floating-point sample value
to the corresponding integer representation and stores it in the output buffer.

Updates the pos variable to track the amount of data read.

Returns the number of bytes actually read, which might be less than the requested
length if the end of the data is reached.
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seek(int32_t pos, int dir) function allows seeking within the generated audio data
based on the specified position (pos) and seek mode (dir).

SEEK SET seeks from the beginning of the audio data.

SEEK CUR seeks relative to the current position.

It performs validations to ensure the seek position is within the valid range of the
audio data.

Updates the pos member variable to reflect the new seek position.

close() resets member variables to their initial states, effectively closing the audio
source and releasing any associated resources.

1sOpen() returns the is ready flag indicating if the audio data generation is
complete.

getSize() returns the total size of the audio data (including header).

getPos() returns the current read position within the audio data.

Overall, the AudioFileSourceFunction class provides a way to generate audio data
in memory using user-defined functions and serves as a virtual audio file source
compatible with the AudioFileSource class. This allows for creating dynamic audio
experiences without the need for pre-recorded audio files.

The flowchart of the algorithm is shown in Figure A.1 of Annex A.

3.1.8 AudioFileSourceFunction header file implementation

Audio output generator can generate WAYV file data from function. The flowchart
of the algorithm is shown in Figure A.2 of Annex A.

The AudioFileSourceFunction class facilitates in-memory generation of audio data
based on user-provided functions and presents an interface compatible with the
AudioFileSource class. This enables creating dynamic audio experiences on the fly
without relying on pre-recorded audio files.

WAV Header Structure (WavHeader) is nested within AudioFileSourceFunction,

this struct meticulously defines the layout of a WAV header.
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It utilizes byte arrays (char arrays) to represent various header fields, including:

RIFF Chunk identifies the file as a WAV container.

Format Chunk specifies details about the audio format (channels, sample rate, bit
depth).

Data Chunk indicates the size and location of the actual audio sample data within
the file.

Integer Conversion Unions (Uint8 AndIntX) unions (where X represents 8, 16, or
32) provide a mechanism for efficient conversion between signed integer (intX) and
unsigned integer (uintX) representations for various data sizes (8, 16, or 32 bits).

This proves beneficial when dealing with byte packing for sample data, ensuring
correct manipulation of numerical values based on the chosen bit depth.

Function  Pointer  Definition (callback t) acts as an alias for
std::function<float(float)>. In essence, it represents a function pointer or lambda
expression.

Member Variables are:

- std::vector<callback t> that stores the user-supplied audio generation

functions.

- Pos keeps track of the current read position within the in-memory audio data.

- Size stores the total size of the generated audio data, encompassing the header.

- 1s_ready is a flag indicating whether the audio data generation process is

complete and ready for reading.

- 1s_unique is a flag indicating if all channels utilize the same audio generation

function.

Constructor (AudioFileSourceFunction) takes arguments specifying audio
properties like duration (seconds), number of channels (mono/stereo), sample rate, and
bit depth per sample.

Initializes the wav_header structure with the provided parameters, meticulously

setting the header fields to accurately reflect the chosen audio format.
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Destructor (~AudioFileSourceFunction) ensures proper resource management by
calling the close function during object destruction.

addAudioGenerators functions serve the purpose of adding user-provided functions
(either single or multiple) that will be responsible for generating audio samples.

The templated version (addAudioGenerators(const F& f, Fs&&... fs)) empowers
the addition of multiple functions using variadic arguments, offering flexibility in
defining audio generation behavior.

They perform validations to ensure the number of provided functions aligns with
the number of channels or is limited to a single function (used for all channels).

Based on the validation results, they update the is ready and is unique flags to
reflect the configuration's validity. Additionally, they might clear the funcs vector if an
invalid configuration is encountered.

Reading audio data from the in-memory WAV container.

Seeking within the generated audio data based on a specified position and seek
mode. Closing the audio source and releasing associated resources.

Checking if the audio data generation is complete (ready for reading).

Retrieving the total size of the generated audio data (including header).

Obtaining the current read position within the audio data. In essence, the
AudioFileSourceFunction class and its supporting functionalities empower the creation
of dynamic audio experiences on embedded systems like Arduino boards. It provides a
mechanism to generate audio data in real-time using user-defined functions, eliminating

the need for pre-recorded audio files.

3.1.9 AudioFileSourceHTTPStream.cpp

The AudioFileSourceHTTPStream class facilitates playing audio streams delivered
over HTTP on ESP32 and ESP8266 boards. It inherits from the AudioFileSource class,
adhering to a common interface for handling audio sources. This class empowers the

creation of audio playback functionalities that leverage HT TP streams as the audio source,
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enabling playback of remote audio content without storing the audio data locally on the
device. The flowchart of the algorithm is shown in Figure A.3 of Annex A.

HTTP Client (http) is an instance of the HTTPClient class is utilized to manage the
HTTP connection with the remote server hosting the audio stream.

It provides methods for opening connections, sending requests (like GET in this
case), receiving responses, and accessing the response data.

The class implements mechanisms to establish and maintain the HTTP connection
throughout the playback process.

It checks the response code after sending the GET request to ensure a successful
connection (HTTP code 200 - OK). If an error occurs, it closes the connection, reports
the error through a callback (cb.st), and returns an error code.

It incorporates retry logic to handle potential connection drops during playback.
Upon disconnection, it attempts to re-establish the connection a specified number of times
(reconnectTries) with a delay between attempts (reconnectDelayMs). Informative
messages are provided through the callback during the reconnection process.

The read and readNonBlock functions provide mechanisms to retrieve audio data
from the established HTTP stream.

They handle potential situations where the requested data length exceeds the
remaining data in the stream, adjusting the read length to avoid exceeding the stream's
boundaries.

The readlnternal function serves as the core for data reading. It implements
blocking or non-blocking reads based on the provided flag (nonBlock). Blocking reads
wait for data to become available using yield, while non-blocking reads check for
immediate availability using stream->available().

Once data is available, it's read from the stream using stream->read and stored in
the provided buffer.

The pos member variable is updated to track the amount of data read from the

stream.
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The seek function is currently not implemented (audioLogger->printf P(...)) as
seeking within an HTTP stream might not be feasible due to the nature of streaming data
delivery. It always returns false to indicate that seeking is not supported.

The close function gracefully terminates the HTTP connection when the playback
is complete or when an error occurs.

The isOpen function provides a way to check if the HTTP connection is currently
active.

The getSize function, if the server provides the content length information, returns
the total size of the audio stream. However, this might not always be available for HTTP
streams.

The getPos function returns the current read position within the stream, indicating
how much data has been read so far.

In essence, the AudioFileSourceHTTPStream class empowers the development of
audio playback applications on ESP32 and ESP8266 boards that leverage HTTP streams
as the audio source. It offers functionalities for connection management, error handling,
data reading, and basic status checks, enabling the creation of dynamic and remote audio

playback experiences.

3.1.10 AudioFileSourceHTTPStream header implementation

The AudioFileSourceHTTPStream class facilitates playing audio streams delivered
over HTTP on ESP32 and ESP8266 boards. It inherits from the AudioFileSource class,
adhering to a common interface for handling audio sources within the project. This class
empowers the creation of audio playback functionalities that leverage HTTP streams as
the audio source, enabling playback of remote audio content without storing the audio
data locally on the device. The flowchart of the algorithm is shown in Figure A.4 and
FA.5 of Annex A.

The code leverages conditional compilation (#ifdef and #else) to ensure the

inclusion of the appropriate HTTP client library (HTTPClient for ESP32 or
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ESP8266HTTPClient for ESP8266) based on the target board. This promotes code
portability and maintainability across different development boards.

Member Variables are:

- client is a WiFiClient object, likely used for establishing the underlying
network connection to the remote server hosting the audio stream.

- http is a HTTPClient object used for managing HTTP requests (like GET in
this case) and responses. This object handles communication details with the server.

- Stream Position and Size Tracking:

- Pos tracks the current read position within the audio stream, indicating how
much data has been read so far. This value is crucial for keeping track of playback
progress.

- Size stores the total size of the audio stream, if available from the server's
response. This might not always be provided, especially for live streams.

- reconnectTries configures the number of attempts to reconnect if the
connection drops during playback. This mechanism helps to improve robustness in case
of network issues.

- reconnectDelayMs sets the delay (in milliseconds) between reconnect attempts.
This parameter allows for fine-tuning the reconnection behavior, balancing between
persistence and efficiency.

- saveURL stores the URL of the opened audio stream for potential reuse. This
can be helpful for scenarios where the same stream needs to be played back multiple times
or for managing different playback sessions.

AudioFileSourceHTTPStream() is a default constructor, likely initializes member
variables to default values or empty states.

AudioFileSourceHTTPStream(const char *url) takes a URL as an argument. It
attempts to open the audio stream using the provided URL and establish the HTTP

connection. This constructor simplifies stream opening for the user.
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Destructor (~AudioFileSourceHTTPStream) ensures proper resource management,
likely closing the HTTP connection when the object is destroyed. This helps to avoid
resource leaks and potential issues.

Stream Management functions are:

- open(const char *url) opens the specified audio stream URL and establishes the
HTTP connection with the remote server. This function is responsible for initiating the
playback process.

- close() gracefully terminates the HTTP connection, releasing associated
resources like network connections. This function is essential for stopping playback and
cleaning up after use.

- 1sOpen() checks if the HTTP connection is currently active, indicating whether
an audio stream is being played. This can be useful for implementing playback controls
or monitoring the playback state.

Data Reading functions are:

- read(void *data, uint32 t len) reads audio data from the stream into the
provided buffer (data) respecting the requested length (len). This function implements
blocking read behavior, meaning it might wait until the requested amount of data is
available before returning.

- readNonBlock(void *data, uint32 t len) attempts a non-blocking read,
checking for data availability before proceeding. This function is useful in situations
where immediate response is important, and waiting for data can introduce delays.

Status and Information:

- getSize() returns the total size of the audio stream, if available (might not
always be provided by the server). This can be useful for estimating playback duration or
displaying progress information.

- getPos() returns the current read position within the stream. This value reflects
how much data has been read from the stream so far and can be used to track playback

progress.
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3.1.11 AudioFileSourcelCY Stream.cpp

AudioFileSourcelCY Stream code defines the AudioFileSourcelCY Stream class,
which inherits from AudioFileSourceHTTPStream and facilitates playing audio streams
delivered in the ICY (Icecast) format on ESP32 and ESP8266 boards. ICY is a streaming
protocol commonly used for internet radio broadcasts. This class enables the development
of audio playback applications that leverage ICY streams as the audio source.

Member Variables are:

- icyMetalnt stores the metadata interval value retrieved from the ICY header,
indicating the frequency of metadata updates (e.g., station name, song information)
embedded within the stream. This value specifies the number of bytes between metadata
blocks.

- icyByteCount tracks the number of bytes read since the last encountered ICY
metadata block. This value is crucial for determining potential overlaps between
requested data and metadata boundaries during the reading process.

Public Member Functions are:

- AudioFileSourcelCYStream() is a default constructor, likely initializes
member variables to default values or empty states.

- AudioFileSourcel CY Stream(const char *url) is a constructor that takes a URL
as an argument. It attempts to open the ICY stream using the provided URL, establish the
HTTP connection with the server, and parse the initial headers to extract relevant
information.

- open(const char *url) opens the specified ICY stream URL using HTTP.

It sends additional headers in the HTTP request (Icy-MetaData: 1) to instruct the
server to include metadata information within the stream.

It collects specific headers (icy-metaint, icy-name, icy-genre, icy-br) using the
collectHeaders function from the underlying HTTP client library. These headers might
contain station name, genre, bitrate, and the crucial icy-metaint value indicating the

metadata interval.
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It parses the retrieved headers to extract the icyMetalnt value and potentially
populate station name, genre, and bitrate (commented out sections // cb.md(...) likely
using a callback function to notify the application about this information). Stores the
content length (size) if provided by the server in the response headers.

Destructor (~AudioFileSourcel CY Stream) inherited from
AudioFileSourceHTTPStream. Ensures proper resource management, likely closing the
HTTP connection when the object is destroyed.

Private Member Function is readInternal(void *data, uint32_t len, bool nonBlock),
and it overrides the readInternal function from the parent class to handle ICY metadata
headers. The core logic focuses on handling potential overlaps between the requested data
length (len) and ICY metadata boundaries.

It ensures that reads don't accidentally cross over into an ICY metadata block,
which would disrupt the audio stream.

If a potential overlap is detected between requested data and a metadata boundary:

It reads data up to the metadata boundary, respecting the requested len but ensuring
it doesn't exceed the boundary.

It parses the encountered ICY metadata block to extract information like
"StreamTitle" (commented out section // cb.md(...), likely using a callback function to
notify the application). This parsing might involve reading additional bytes to determine
the complete metadata block size and then extracting the relevant details.

It skips the remaining bytes of the metadata block to avoid delivering metadata as
part of the audio data.

Finally, it performs the actual data read from the stream using the remaining len
after accounting for potential metadata handling.

It updates icyByteCount to track the total bytes read since the last encountered ICY
metadata block. This value is essential for accurately calculating potential overlaps in
subsequent read calls.

In essence, the  AudioFileSourcelCYStream  class extends  the

AudioFileSourceHTTPStream functionality to handle ICY format audio streams. It
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incorporates logic to parse and handle ICY metadata headers while ensuring seamless
data reading without being interrupted by metadata boundaries. This enables the
development of robust and informative ICY stream playback applications on ESP32 and

ESP&866 boards.

3.1.12 AudioFileSourcelCY Stream.h

AudioFileSourcelCY Stream.h code snippet unveils the header file declaration for
the AudioFileSourcelCY Stream class, empowering the development of audio playback
applications that handle ICY (Icecast) format streams on ESP32 and ESP8266 boards.
Let's delve into the intricacies of this code:

<Arduino.h> provides fundamental functionalities for interacting with Arduino
hardware and libraries.

Conditional HTTP Client Library Headers are:

- <HTTPClient.h> (for ESP32): Supplies classes and functions for managing
HTTP requests and responses on the ESP32 board.

- <ESP8266HTTPClient.h> (for ESP8266) offers similar functionalities tailored
for the ESP8266 board's networking capabilities.

"AudioFileSourceHTTPStream.h" includes the declaration of the parent class
AudioFileSourceHTTPStream. This class establishes the foundation for handling audio
streams delivered over HTTP, providing essential functionalities for connection
management, error handling, data reading, and status checks.

AudioFileSourcelCYStream defines a class named AudioFileSourcelCY Stream
that inherits from the AudioFileSourceHTTPStream class. Inheritance creates a parent-
child relationship, where the child class (AudioFileSourcelCY Stream) inherits the
functionalities of the parent class (AudioFileSourceHTTPStream) and can add specific
behaviors for handling ICY streams.

Member Functions are:
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- AudioFileSourcelCYStream() is a default constructor, likely responsible for
initializing member variables to default values or empty states.

- AudioFileSourcel CY Stream(const char *url) is a constructor and it takes a
URL as an argument. It's probable that it initializes the object and attempts to open the
ICY stream using the provided URL, establishing the necessary connection and
potentially parsing initial headers.

- ~AudioFileSourcel CY Stream() is ae destructor, likely invoked when the object
goes out of scope or is explicitly deleted. It's essential for performing cleanup tasks, such
as closing the HTTP connection associated with the stream, to avoid resource leaks and
potential issues.

- uint32 t readInternal(void *data, uint32 t len, bool nonBlock) function is
inherited from the parent class (AudioFileSourceHTTPStream) and overridden in this
child class (AudioFileSourcelCY Stream). It's the core mechanism for reading audio data
from the ICY stream. The override keyword indicates that this function redefines the
behavior of the parent class's function with the same name, specializing it to handle the
intricacies of ICY format, which includes metadata headers interspersed within the audio
data stream.

- int icyMetalnt stores the metadata interval value retrieved from the ICY header.
This value specifies the frequency (number of bytes) between metadata updates (e.g.,
station name, song information) embedded within the stream.

- int icyByteCount

- keeps track of the number of bytes read since the last encountered ICY metadata
block. It plays a crucial role in determining potential overlaps between requested data and
metadata boundaries during the reading process. By keeping count of the bytes read, the
readInternal function can avoid accidentally reading into metadata blocks, ensuring a
seamless audio playback experience.

In essence, the AudioFileSourcelCY Stream.h header file lays the groundwork for
a class specifically designed to handle ICY format audio streams. It inherits the

functionalities of the AudioFileSourceHTTPStream class for general HTTP stream
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management and adds specialized behavior to handle ICY metadata headers, enabling
developers to create robust and informative ICY stream playback applications on ESP32

and ESP8266 boards.

3.1.13 AudioFileSourcelD3.cpp

This header file introduces the AudioFileSourcelD3 class, designed to seamlessly
handle ID3 metadata parsing within audio files or streams. It inherits from the
AudioFileSource class, likely providing functionalities for reading audio data from
various sources. Here's a breakdown of the key elements, delving deeper into the inner
workings:

AudioFileSourcelD3 inherits from AudioFileSource. This establishes a parent-
child relationship where AudioFileSourceID3 inherits core functionalities for reading
audio data from the parent class (AudioFileSource). It then adds specific behavior for
handling ID3 metadata parsing, making it a specialized class tailored for this purpose.

Member Variables are:

- srcis apointer stores a reference to the underlying AudioFileSource object. The
AudioFileSourcelD3 class acts as a wrapper, delegating most of the reading tasks to the
underlying source while handling ID3 metadata parsing specifically. It essentially
intercepts the data flow from the source, parses out the ID3 tags at the beginning (if
present), and then allows the remaining audio data to pass through to the application.

- Checked is a boolean flag that serves as a gatekeeper, ensuring that the 1D3
header is only checked and parsed once. This flag prevents redundant processing on
subsequent reads.

- AudioFileSourcelD3(AudioFileSource *src) initializes the object with a
reference to the underlying AudioFileSource object. This creates an instance of the
AudioFileSourcelD3 class, ready to be used for reading audio data while handling ID3

metadata.
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- ~AudioFileSourcelD3() performs any necessary cleanup tasks associated with
the object. In real-world scenarios, this might involve closing any temporary resources
used during ID3 parsing or deallocating memory.

- read(void *data, uint32 tlen) function is responsible for reading data. It acts as
the entry point for the application's data requests. Here's a step-by-step breakdown of its
logic.

- Initial Checkst checks the checked flag.

If checked is false (indicating the ID3 header hasn't been processed yet), it reads
the initial 10 bytes from the underlying source to check for the ID3 header signature (e.g.,
"ID3").

If the signature matches the ID3 format, it parses the header to extract information
like ID3 version, size, and the presence of unsynchronization bytes and extended header.
This parsing helps determine how to interpret the following data.

It creates an AudioFileSourceUnsync object (explained later) to handle
unsynchronization if necessary. Unsynchronization bytes are used in some ID3 versions
to prevent misinterpretations during parsing.

It skips the extended header (if present) as it's not essential for extracting basic
metadata like album, title, or artist.

It enters a loop to iterate through potential ID3 frames until the end of ID3 data is
reached:

It reads the frame ID (typically 4 bytes) to identify the type of information the frame
contains (e.g., album title, artist name).

It reads the frame size to determine how many bytes are dedicated to this particular
frame's content.

It checks for frame compression (currently not supported by the provided code).

It reads the frame content based on the frame size and unsynchronization flag. This
might involve reading additional bytes if unsynchronization is enabled.

It extracts relevant information like album, title, artist, year, etc., based on the frame

ID. It potentially calls a callback function (cb.md) to notify the application about the
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discovered metadata. This callback function likely resides in a separate part of the code
and is responsible for handling the extracted metadata in a meaningful way (e.g.,
displaying it on the user interface).

Once all ID3 frames are processed, it signals the end of ID3 tags using the callback
function (cb.md), informing the application that the following data is the actual audio
content.

After the initial ID3 check (or if no ID3 header is found), it delegates the actual
data reading to the underlying source (src->read) for the remaining data (audio content).
This essentially bypasses the ID3 parsing logic and retrieves the raw audio bytes from the

source.

3.1.14 AudioFileSourcelD3

The AudioFileSourcelD3.h header file unveils a class specifically designed to
streamline ID3 metadata parsing within audio files or streams managed by the Arduino
framework. It acts as a wrapper around another AudioFileSource object, transparently
handling ID3 tag extraction while delegating the core audio data reading functionality.
This approach simplifies application development by providing a unified interface for
accessing both metadata and audio content.

When the read function of AudioFileSourcelD3 is called, it intercepts the data
stream from the underlying AudioFileSource object. During the initial read, it
meticulously checks for the presence of an ID3 header, typically identified by the
signature "ID3". If this signature is detected, the class springs into action, parsing the
header to extract crucial information like the ID3 version, its overall size within the
stream, and the existence of unsynchronization bytes (used in some versions to prevent
misinterpretations during parsing). This initial parsing equips the class with the
knowledge necessary to accurately interpret the following data stream.

With the header parsed, AudioFileSourcelD3 enters a meticulous loop, iterating

through potential ID3 frames. Each frame acts as a container, encapsulating a specific
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type of metadata like album title, artist name, or track number. The class meticulously
reads the frame ID (usually 4 bytes) to identify the kind of information it holds. It then
retrieves the frame size, determining the number of bytes dedicated to this particular
metadata entry. The class also checks for frame compression, although the provided code
doesn't handle compressed frames currently. Finally, it extracts the actual frame content
based on the frame size and unsynchronization flag, if applicable. This step might involve
reading additional bytes to account for potential inconsistencies introduced by
unsynchronization.

Once the frame content is retrieved, AudioFileSourcelD3 leverages its knowledge
of frame IDs to translate the raw bytes into human-readable information. For instance, if
the frame ID corresponds to the album title, the class extracts the corresponding
characters and likely employs a callback function (cb.md in the code) to notify the
application about this discovered metadata. This callback function, residing in a separate
part of the codebase, is responsible for handling the extracted metadata in a meaningful
way, such as displaying it on a user interface or storing it for later use.

After meticulously processing all encountered ID3 frames, the class reaches the
end of the ID3 data segment within the stream. To inform the application that the
following data stream consists of the actual audio content, AudioFileSourcelD3 likely
utilizes the same callback function (cb.md) to signal the end of ID3 tags. This notification
essentially acts as a handoff, letting the application know that it can now focus on
receiving and processing the raw audio bytes.

Transparent Audio Data Reading: Following the initial ID3 check (or if no ID3
header is found), the read function seamlessly transitions into its core functionality:
delegating the actual audio data reading to the underlying AudioFileSource object. This
delegation ensures a continuous flow of data to the application. The application receives
a unified stream, with ID3 metadata (through the callback function) seamlessly integrated
at the beginning (if present), followed by the raw audio bytes representing the audio

content itself.
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3.2 Conclusion

The chapter on the implementation of software and technical tools for controlling
sound codecs based on the ESP8266 microcontroller provides a comprehensive and
detailed guide to the development process. This section highlights the practical steps
taken to create and manage various audio file sources through the implementation of
specific header files and associated C++ files. Here are the key takeaways from the
chapter.

The chapter systematically covers the development and implementation of
numerous components necessary for handling audio files. These include source files for
various audio formats and data streams, such as FATFS, HTTP streams, ICY streams,
and ID3 metadata.

Each section focuses on a specific aspect of the audio file handling process,
breaking down the implementation into manageable modules. This modular approach
aids in both understanding and debugging, allowing for easier maintenance and updates.

The chapter includes meticulous details about each file and function, ensuring that
the reader can follow along with the code and understand the purpose and function of
each part. This thoroughness is crucial for replicating the setup or modifying it for
different applications.

By implementing support for various audio sources, the system becomes versatile
and robust, capable of managing different types of audio inputs. This flexibility is
beneficial for developing more comprehensive audio control applications.

Leveraging the ESP8266 microcontroller, known for its cost-effectiveness and
wireless capabilities, makes the project accessible and practical for many users. The
microcontroller's features are well-utilized to handle audio processing tasks efficiently.

In summary, the chapter provides a foundation for understanding and implementing
audio control systems using the ESP8266 microcontroller. It offers a detailed and

structured approach to software development, ensuring that the reader can effectively
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manage and control various audio codecs through a well-organized and modular coding

framework.
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CONCLUSIONS

The first chapter is devoted to important points to clarify the significance and
potential benefits of developing multimedia support system software for ATMega328-
based microcontroller systems.

The second chapter is devoted to a comprehensive overview of the components,
software, and technical tools necessary for controlling sound codecs using the ESP8266
microcontroller. The chapter began with an introduction to the ESP8266Audio library,
highlighting its role and significance in managing audio operations on the ESP8266
platform.

The third chapter is devoted to the implementation of software and technical tools
for controlling sound codecs based on the ESP8266 microcontroller provides a
comprehensive and detailed guide to the development process. This section highlights the
practical steps taken to create and manage various audio file sources through the

implementation of specific header files and associated C++ files.
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Annex A
The flowchart of the algorithms
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Figure A.1 - AudioFileSourceFunction.cpp flowchart of the algorithms
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Figure A.2 - AudioFileSourceHTTPStream.cpp flowchart of the algorithms
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Figure A.3 - AudioFileSourceHTTPStream.cpp flowchart of the algorithms
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Figure A.4 - AudioFileSourceHTTPStream.cpp flowchart of the algorithms
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Annex B
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Copy of the drawing “Device scheme”
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Annex C

(required)

Copy of the drawing “Flowchart of the algorithms”
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MIHICTEPCTBO OCBITH I HAYKH YKPATHA
XMEJIbHULIbBKUI HALIIOHAJIbHUM YHIBEPCUTET

PELIEH3IA HA KBAJII®IKALIIMHY POBOTY

Jluntomuuk: Kaxoka biecciHr
Tema: ITporpaMHO-TexXHiUHHH 3aci0 KepyBaHHs 3BYKOBMMH KOJCKaMH Ha OCHOBI
MikpokoHTpoaepa ESP8266

CrietianbHicTh: 123 « KoM’ toTepHa iHXeHepisa»

O6c¢sr kBasidikauiiHOi poOOTH:
KinbKicTh TUCTIB KpeciaeHb 3 KinbKicTh CTOPiHOK 3amucku ___ 62
1. KopoTkuit 3MicT po6oTH Ta MPUHHATUX pilleHb: MeTOK AMIIOMHOI pOOOTH €
PO3pOGIEHH S NPOTPaMHO-TEXHIYHOTO 3ac06y KepyBaHHs 3ByKOBUMH KOJIEKaMU Ha OCHOBI
MikpokoHTposnepa ESP8266.

2. BHCHOBOK IPO BiJMOBIHICT pOGOTH IMIUIOMHOMY 3aBHaHHIO: Po6OTa MOBHICTIO

BUINOBIIAE TIOCTABIIEHOMY 3aBJaHHIO.

3. XapaKTepucTHKa BHKOHAHHS KOXHOTO PO3ALTY, CTYNiHb BUKOPUCTAHHS OCTAHHIX
JIOCSTHEHb HAayKH i TeXHiKW 1 mepeoBux MeTofliB poGoru: Ilepuumii po3ain mpucBsyeHo
BAXIMBUM MOMEHTaM, IIO MOSCHIOIOTh 3HAYeHHS Ta IIOTEHLiMHI MepeBard po3poOKu
IIpOrpaMHOro 3abe3NedeHHs CHCTEMH MIATPUMKHM MyJbTAMEZIa IS MIKPOKOHTPOJEPHHMX
cucreM Ha 6a3i ATMega328.

Jlpyruii  po3il NpPUCBAYEHO BCEOGIYHOMY OMVIAy KOMIIOHEHTIB, MPOrpaMHOro
3a0e3NeyeHH s Ta TeXHIYHUX 3aco0iB, HEOOXIIHUX ISl KepyBaHHs 3ByKOBUMM KOJAEKAaMH 3a
jnornomoroko MikpokoHtposiepa ESP8266. Po3zin nounHaeTsest 31 3HaitomcTBa 3 6i6nioTekoro
ESP8266Audio, BucsiTieHHa ii poil Ta 3HaY4eHHs B YNPaBIiHHI ayaioonepalisMH Ha
matdopmi ESP8266.

Tperili po3uin npucBsueHMH pealizauii NMporpamMHUX i TexHiuHux 3aco6iB A
yIpaBlliHHA 3BYyKOBUMH KoJiekaMd Ha 0asi Mikpokontponepa ESP8266 i Mictuth
BHYEpIIHHH i AeTalbHHUH MOCIOHMK 3 TpPOLECY po3pobku. Y wbOMY po3ini BHCBITIEHO
NMpakTHYHi KPOKH, 3pOOJEeHi JUisi CTBOPCHHS Ta YNpABNiHHA pi3HUMH JDKepenaMH
aynioaiiniB 3a JOMOMOrol0 peaiizauii CreuialbHUX 3aroJoBHHX daiinis i Mop'sA3aHMX 3

Humu CH++-daitnis.



4. IlosutuBHi cTopomu po6oTH: BUcOKa NPaKTHYHA LiHHICTh pOGOTH.

5. HeraruBHi croponnm po6oTH: HeNOCTaTHS yBara aHaJIOTIYHMM TEXHIYHUM
PILIEHHSM.

6. Ouinka rpadiyHoro oQOpPMIIEHHS Ta MOSICHIOBANBHOI 3aMMCKM  poOOTH:
[TosicHIOBaIbHA 3amucka oGOpMIIEHa KOPEKTHO, 3riJJHO JiI0YMX CTaHIapTiB OQOpMIIEHHS
JOKYMEHTalll.

7. Biaryk npo po6oTy B uinomy: Po6ota BUKOHaHA Ha HaJIe)KHOMY TEXHIYHOMY PiBHI.

8. [HII1 3ayBaXKeHHS:

9. Ouinka IMIIOMHOI po6oTH: no6pe, C

PeuiensenT (mpi3Bullle, iM’s, Mo 6aTbKOBI, MOcaza, MicLie pobOoTH)

Kopenbka JI.O., K.T.H., JOLEHT, JoueHT kabeapu ABTOMaTH3allil, KOMII FOTEPHO-

IHTErPOBAHM] TEXHOJIOTH Ta POOOTOTEXHIKHU

“77” 206 2024 p. (ﬁ«/ (miamuc)




3asinyBauy kadenpu KIIC
J-p.TexH.HayK, npod. ['oBopymenko T. O.

Kaxoka bneccinr
1B 3106yBaya BULLOT OCBITH

®IT, 4 kypcy, rpynu KI2iu-20-1

3ASIBA

3 npasBunamu 4uHHOro [lonoxenHs «IIpo cucreMy 3abe3neyeHHs aKaaeMidyHOI
no6podecHOCTI y XMETbHHIBKOMY HalioHanbHOMY YyHiBepcuteti» Big 01.07.2022, 3rimHo 3
SKMM BHSBJIEHHS IUIariaTy € MiJCTaBOIO JUIS BiMOBH B JOMYCKy KBallidikauidHOI poGOTH 10
3aXMCTy Ta 3aCTOCYBAHHS 3aXONiB MAMCUMIUIIHAPHOI Ta aKaaeMiyHOl BiAMOBIAAIBHOCTI,
o3Haiiomnenui (a). IIpo BUKOPHUCTaHHSA MpPOrpaMHO-TEXHIYHHUX 3aco0iB AN  MEPEBIPKU
KBaTidiKamiHHUX poOiT 3100yBaviB BHIIOI OCBITH Ha IUIariaT OMOBIllIEHHH(a) Ta HAaJal0 CBOKO
3roxy Ha oOpoOky Ta 30epe)keHHS! YHIBEPCUTETOM MO€i pOOOTH B IHCTHTYLIHHOMY peno3uTapil
YHIBEPCHUTETY.

Takox Hamal yHIBEpCUTETy MNpaBO Ha Mepefady Moei poOoTH ans oOpoOku Ta
30epekeHHs B 0a3ax JaHUX MporpaMHo-TexHiyHuX 3acobiB (Unicheck ta Anti-Plagiarism) ta
BUKOPDUCTaHHS pOOOTH Ul BUSBJICHHS IUIariaTy B IHIIMX po0oTax, sKi MepeBipsThCs
IpOrpaMHO-TEXHIYHMMH 3aco0aMHU Ta KOPUCTYBayaMH, L0 MAlOTh NOCTYIM O LMX [POrPamMHO-
TeXHIYHUX 3aC001B, BUKIIOYHO B OOMEXEHUX LUISX 11 BUSBJICHHS TUIAriaTy B TEKCTaxX pooiT.

PobGora Juis nepeBipkM YHIBEPCHTETOM HalacThCs B JPYKOBAHOMY Ta €JIEKTPOHHOMY
BapiaHTi. EnexTpoHHa Bepcist Moei po6oTH 36iraeTees (I1€HTHYHA) 3 Py KOBAHOKO.

22 xBiTHS 2024 poky



PILLEHHS EKCITEPTHOI KOMICIH
KA®EJIPH KOMIT'IOTEPHOI THXKEHEPIT TA IHOOPMALIIMHUX CUCTEM
[TPO JIOITYCK KBAJII®IKALIIMHOT POBOTU JI0 3AXUCTY
ITinTBep/UKYEMO O3HAMOMJIEHHSI 3 pe3yjabTaToM 3BIiTY MNOAIOHOCTI 100 poOOTH,

reHepOBaHOI'0 CUCTEMOIKO BHUSBJICHHS TEKCTOBUX 30iriB/iI€HTUYHOCTI/CX0XKOCTI:

Ha3Ba: [porpamHoO-TeXHIYHMW 3acib  KepyBaHHA  3BYKOBUMW  KOAEKAMU HA  OCHOBI
MiKpOKOHTponepa ESP8266

ABTOp: Kaxoka bneccinr

CremianbHICTh: 123- Komn'ioTepHa iHxeHepisn

OCBITHS pOrpaMa:__ocBiTHbo-npodeciitHa

HaykoBHii KepiBHMK: luceHko Ceprit Mukonanosuy, A.7.H, npodecop

[Ticns ananizy 3BiTY nMoAiOHOCTI 3p00JIeHO TaKUi BUCHOBOK:
Ne BucHoBok [To3nauka npo

BIAMOBIAHICTD
1 3amo3MYEHHSA, BUSBIEHI B poOOTi, € 3akOHHMMM i He € mariatom. PoGota 3 :
MMPUIMAETHCS 10 3aAXUCTY. A e

2 BWSBIEH] 3aN03MYEHHS He € IUIariaTom, po3MilleHi B po3ainax, sKi He OMUCylTh

Ge3nocepeIHbO aBTOPChbKE NOCHIKEHHS, ale KiJIbKiCTb LUMTAT MepeBUUIyE obcsr,
BWIpPaBIaHUN MOCTABICHOIO METOI poboTH PoboTa npuiAMaeThCA 10 3aXUCTY, ane
mae Oytu Binxopm‘onana Binxopuroaaﬂnﬁ BapiaHT Mae OyTM mnoJaHWd Ha
xadempy 3a 2 IHi 10 3aXMCTy, pasoM i3 3asBOIO IIOAO CaMOCTIHHOCTI BUKOHAHHSA
MCLMOBOiT POGOTH Ta iIEHTMYHOCTI IPYKOBAHOT Ta eJIeKTPOHHOI Bepcii poboTH

3 BUSBIEHI 3aN03W4EHHs He € TUIariaToM, ajle YacTKOBO po3MilueHi B po3ainax, sKi
OTMCYIOTh 6€3nocepeIHbO aBTOPChKE AOCHIIKEHHS, @ KiIbKIiCTh LNTAT NEPEBULLYE
06CST, BATIPAaBIAHUH TIOCTABNEHOK METOK poGoTH. B 3B’s3Ky 3 UMM MeTa po6OTH
Ta TIOCTaBJieHi 3aBnaHHs He Oynu mocarHeHi. PoGora moxe OyTH nomyiieHa 10
3axucTy (HacTyITHOrO pOKy) Micis Toro sk Gy/e BiAKOpUroBaHa Ta 10MpauboBaHa i
yCIimHEo Ipoiine NOBTOPHY MeEPEBIpKy Ha akaAeMi4yHUiA uiariar.

4 Po60Ta MiCTHTb HABMHCHi TEKCTOBI CMOTBOPEHHS, nepeabauyBaHi cripoOu yKpUTTs
3amo3udenb abo iHWIi MpOSBM akajeMmiyHoro miariaty. PoGoTta MicTHTH
dabpukauiro abo danrbeudikauito naHux. Po6oTa He NOMYCKAETLCA 10 3aXHCTY .

ITinTBEepmkeHHs:

3ano3uyeHHs, BUABJICHI B p060Tl € 3aKOHHHUMH | HE € MU1ariaToM, OCKLIbKH:

1) 3ano3uyeHHs po3MilleHi B po311max aHa.may ICHYIOUMX QHAJIOTIB Ta MPOTOTHIIIB, AKI HE OMHKCYIOTh

6e3nocepeiHbO aBTOPChKE AOC/IUKEHHS i HE CTOCYIOTbCA Pe3yNbTaTiB pOOOTH;

2) yci 3ano3u4YeHHs cbparmemapm a60 MaloTh HAIEXKHUM YHHOM ODOPMIIEHH] MOCHIAHHS,

3) okpemi BusBIeHi 36irM € 3aralbHOBXKMBaHMMHM (pasamu abo BHpasam, Mpo WO CBIA4HTb

NOCHIaHHS cHcTeMH Ha 36ir 3 10-40 [ukepenaMu Ha OMH (GparMeHT peyeHHS;

Cymapuuii  obcar  BCIX — 3aMO3MYEHb,  BH3HAYCHWH  CMCTEMOK  BHSBJICHHSA 36iris/
ineHTMYHOCTI/CXOXKOCTI, ckuagae 5.14% i aapecyetbes A0 124 nepuio/pkepena, ulo, 3 ypaxyBaHHAM
HaBeJleHUX OOIPYHTYBaHb, BiJNOBIAa€ XapakTepy HAYKOBONO AOC/IIDKEHHS i CBIQYHWTb Ha KOPHCTb
KBai¢ikauiiHoT poboTH.

KepiBauk pobotu C. M. Jlucenko
I'apanTt OI1 / /Q i ' C.M. JluceHko

7/
3asigyBay xadenpu KIIC i T. O. ['oBopy1EHKO
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