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AHOTANIA

Tema kBamidikaiiiHoi po6oTu: «CuCTeMHE ITporpaMHe 3a0e3nedeHHs MATPUMKH
MyJIbTUMEIA ISl MIKPOKOHTPOJIEpHUX cucteM Ha 6a3i ATMega328y.

ABtop pobotu: Obdyn-Kyaite Hana Ama.

KepiBauk podotu: Jlucenko Cepriit CepriiioBud.

[TosicHtoBanbHa 3amucka: 67 c., 32 pucyHku, 3 Tabnuil, 4 701aTKH, 55 HKEpEIL.

I'padiuna yactuHa: 3 pUCYHKH.

CUCTEMA  MVYJIbTUMEJIMHOIO  3ABE3IEYEHHSI, CUCTEMHE
[TPOTPAMHE 3ABE3ITEYEHHS, MIKPOKOHTPOJIEP, MIKPOKOHTPOJIEPHA
CUCTEMA, ATMEGA328.

Mertoto aumIoMHOT pobOTH € Po3poOKa CHCTEMHOTO MPOTPAMHOTO 3a0€3MEUCHHS
MYJIBTUMEIIMHOT TIATPUMKH MIKpOKOHTPOJIEpHUX cucTeM Ha 0a3i ATMega328.

OO0'ekTOM MOCHIKEHHS € TMporpaMHe 3a0e3MEeUeHHs] CHCTEMH IMATPUMKH
MyJIbTUMEIA.

[IpenmMeToM MOCHIKEHHS € TMpOorpaMHE 3a0e3MeUYeHHS CHCTeMHU MiATPUMKH
MyJIbTUMEZIA JIJIs1 MIKPOKOHTpOJIepHuX cucteM Ha 0a3i ATMega328.

[lin wac TpoBedeHHS JAHOTO JIOCHTIKEHHS BHUKOPHUCTOBYBAaBCS METOJ
CHUCTEMATUYHOTO OTJIALY JITEpaTypH JJisi BUBYEHHS Ta aHamizy MpeAMETHOi 00JacTi
JAHOTO JTOCIKEHHS 3 TEKCTOBHX JiKepen 1HhopMaItii.
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- 10.06.2024

[Tignuc crynenra Jata
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BCTYII

AKTyaJbHICTh CHCTEMHOTO TPOTPAMHOTO 3a0€3MeUYeHHs ISl  MATPUMKHU
MyJIbTUMEIIA ISl MIKPOKOHTpOJIEpHUX cucTeM Ha 0a31 ATMega328 e 1ikaBoro TeMolo,
BpPaxoBYIOUM OCTaHHI JOCATHEHHs B 00JacTi BOYy/IOBaHUX CHUCTEM 1 3pOCTAIOUUM MOMUT
Ha IHTETpalio MyJIbTUMEIIMHUX (YHKIIIHI B pi3HI JOIATKH.

Cuctemn Ha 06a31 ATMega328 YacTo BUKOPHUCTOBYIOTHCS B IMOOYTOBIH
CJIEKTPOHII, J€ JOCTaTHBO 0a30BUX MYJIbTUMEAIMHUX MOXIMBOCTEH, TaKuWX K
BIITBOPEHHS ay 1o Ta npocTi rpadiuni auciiei. Croau BIZHOCATHCS TaKi JOAATKH, SK

- Hudposi roAMHHUKY 1 TOMMHHUKH 3 TpadiuHuM iHTepdericom.

- [IpucTpoi nomaiHboi aBTOMaTH3a1li{ 3 IUCIIJIICEM 1 3BYKOBUMH CIOBIIICHHSAMHU.

- Irpamku Ta ocBiTHI HaOOPH, SIKI BUKOPUCTOBYIOTH 3BYK 1 Bi3yaibH1 €heKTH s
1HTEPAaKTUBHOT'O HAaBYAHHS.

[linTpumka mysnbTUMeAia B mpucTposix loT Moke MOKpauTH B3a€EMOIII0 3
KopuctyBauem. Hanmpukmnanu:

- IIpuctpoi po3ymMHOro OyAMHKY MOXYTh BUKOPUCTOBYBATH 3BYKOBI CIIOBIIICHHS
abo mpocTi rpadiuHi JUCIUIET 71 Iepeaadi cTaTycy abo MoBiIOMIICHb.

- TexHoOrI1, 1110 HOCATHCS, MOXYTh OTPUMATH BUTOAY BiJl HEBEJIUKHUX IpadiyHUX
JUCIUICTB JIsl KOPUCTYBAIbKUX 1HTEP(EHCiB.

ATMega328 mUpPOKO BHUKOPUCTOBYETHCS B IMPOTOTHIIYBAaHHI Ta OCBITHIX
npoekTax. [linTpuMka MynbTHMeENia JO3BOJIAE CTYIACHTaM 1 JIIOOUTENSIM CTBOPIOBATH
OiMBIN ITiKaBl 1 CKJAJHI MPOEKTH, TMOKpAIlylOYd HaBYAJIBHHUI IPOIEC 3a PaXyHOK
JI0JTaBaHHs Bi3yaJbHHUX 1 3BYKOBUX €JIECMEHTIB.

HesBaxatoun Ha 1mi 0OMEKEHHS, TBOpPYI MPUHOMH, Taki SIK ONTHUMI3AIlis KOIY,
BUKOPUCTAaHHS 30BHIIIHBOI Mam'siTi Ta e€peKTUBHUX O010J110TE€K, MOXKYTh 3a0€3MEUUTH
0a30By MyJbTUMEAINHY QYHKI[IOHATBHICTb.

Husbke eneprocnoxxkuanus ATMega328 poOuTh ii mpuIaTHOIO N7l PUCTPOIB,
10 MpAaIo0Th Bl O0aTtapeiiok, ajie MyJIbTUMENIMHUMHU (PYHKIIIMH MOTPIOHO PETEIbLHO

KEepyBaTH, 100 YHUKHYTH HAJIMIPHOTO CIIOKMBAHHS €HEPT1i.

ApkK.
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Xoua ATMega328 3abe3neuye 6a30By MIATPUMKY MYJIbTUME1A, ICHYE TEHICHIIS
JI0 THTEerparlii MUX MIKPOKOHTPOJIEPIB 3 OUIBII MOTY>KHUMH CUCTEMAaMH, TAKUMHU SIK:

- OO'enqnanns 3 MikpokoHTposiepamu Ha 0a3i ARM. OOG'emnanHs 3 OUIBII
NOTY>KHUMHU MIKPOKOHTPOJIEPAMHU MOKE PO3BAHTAXKUTHU BaXKKI MYyJIbTUME/I1MHI 3aB/IaHHS,
30epirarouu Npu [bOMY MepeBaru jaemeBu3Hu 1 mpoctotu ATMega328.

- Bukopucrannsa cniBnporiecopiB. Po3BaHTaxeHHs OOpOOKHM MyJIbTUMEIIHHUX
JAaHUX Ha CHelladbHI  MIKpocxeMu abo  CIIBIPOIECOPH MOXKE  IIJIBHUIIUTH
IPOAYKTHBHICTH, HE IepeBaHTaxyroun ATMega328.

Ockinbku [oT npogoBxkye 3pocTaTu, MoTpeda B HEAOPOTiH, eheKTUBHIN 1 0a30BIH
MYJIBTUMEIINHINA MIATPUMIN B HEBEJIUKHUX MPUCTPOSX 3AJIUIIAETHCS BHUCOKOK. [IpocTi
JUCIUIET Ta 3BYKOBI CIIOBIIIEHHS MOKPAIyIOTh KOPUCTYBAlbKi 1HTEpHEHCH PO3yMHUX
MPUCTPOIB O€3 3HAYHOTO 301IBIIIEHHS BAPTOCTI 200 CKJIATHOCTI.

Po3poOHUKKM TOBHMHHI BMITH ONTHUMI3yBaTH KOJ 1 KepyBaTH OOMEXKEHUMHU
pecypcamu. Lle moxe BkItouaTH B cee:

- BukopuctanHs 30BHIITHBOTO CXOBHUIIA VISl BEJIUKUX MYJIbTUMEIIAHUX (aitiiB.

- BmpoBamkenHs e(EKTUBHUX TPAKTUK KOAYBAHHS JUIsI MaKCHUMAaJIbHOTO
BUKOPHUCTAHHS JIOCTYITHO1 ITaM'sIT1 Ta 00YHCITIOBAIBLHOT MTOTY>KHOCTI.

Xoua MyJibTUMEia Yy BOYJOBaHMX CHUCTEMax € 3arpe0yBaHUM, 3a3BUYail 1ie
CTOCYETBCSI MPOCTOI Tpadiku 3 HU3BKOI PO3AUTHHOIO 3JATHICTIO Ta 0a30BOTO 3BYKY.
CknagHi MyJnbTUMEIMHI 3aBJIaHHS, SK MPaBWIO, BUMArarTh OUIBII MOTYXKHOTO
oOJaHaHHS.

ATMega328 3anmumaeTbcsi aKTyaJbHUM 1 MPAKTUYHUM BUOOpOM IS
MIKPOKOHTPOJIEPHUX CHUCTEM, Jie MOoTpiOHa Oa3oBa MIATpUMKa MysbTuMenia. Huzbka
BapTICTh, MTUPOKA JOCTYIHICT 1 BEJIMKA MIATPUMKA CHUIBHOTA POOJIATH HOTO TapHUM
BUOOPOM J1J151 OCBITHIX I[1JIeH, TOOYTOBOI €JIEKTPOHIKH Ta MpocTuX npuctpois [oT. Ognak
PO3pPOOHUKH MMOBUHHI MaM'sITaTH PO HOT0 0OMEKEHHS 1 3ACTOCOBYBATH TBOPYI PIIIICHHS

JUTSL MOCSATHEHHS Oa)kaHOoi (DyHKITIOHAIBHOCTI.
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1 CUCTEMMU NIATPUMKHU MYJIIBTUMEIIA

1.1 TToHSTTS TIPO BiJIEOKOJEKU

Bineokonek (Big anri. Video Codec) - e mporpamue abo anapaTHe 3a0e3Me4eHHS,
npu3HadYeHe JUIS KOMyBaHHS 1 JEKoayBaHHS BifgeomgaHux. Koaek BU3Hauae, sK
BiJICOCUTHAJI Oyje CTUCKATHCS IiJl yac 3amucy (KOayBaHHs) 1 JEKOAyBaTHCS Mij 4ac
BIITBOpeHHST a00 00poOku. Takuii miaxin AO3BOJISIE 3MEHITUTH OOcCsT BigeodailmiB 1
3a0MIaJIUTU CMYTY MPOITyCKaHHS TPHU Tiepeadi BiICOJaHUX TI0 MEPEXKI.

Po3rnsHeMo 0CHOBHI acmieKTH poOOTH BiJI€OKOIEKIB.

Konysanns. [Iporiec cTucHeHHS BifeoaHuX mepes 30epiraHHsaM abo mepenayero.
Kogex ananizye BijieocUrHaji 1 BAKOPUCTOBYE Pi3HI METOJM CTUCHEHHS JJIsl 3MEHIICHHSI
po3mMmipy (aitry.

HexonyBanns (Decoding). IIpoiiec BiTHOBIEHHS BiJICOCUTHATY 3 3aKOJI0BAHOTO
dbopmary mijg 9ac BiATBOpEHHS a00 00poOKH Bizeo. Jlekomep nekomye CTUHCHY TN (Haii 1
BIJITBOPIOE OPUTTHAIBHUN BIJJC€OCUTHAIL.

CrucHeHHs1 3 BTpaTtamMu Ta 0e3 BTpaT. baraTo Bil€OKOJIEKiB BHKOPHUCTOBYIOTH
CTUCHEHHS 3 BTpaTaMH, IO O3HAYa€ BTPATY IMEBHOI SIKOCTI JUIsl JOCSATHEHHS BHUCOKOTO
CTyIleHS CTHUCHEHHS. ICHYIOTh TakoX BIJICOKOJECKH O€3 BTpaT, sAKI 30epirarTh
B1JICOCUTHAJI O€3 BTPATH SKOCTI, ajie (hailyr Moxke OyTH OUIBIIIM.

IBuakicTe mepenadi ganux (06iTpeut). I{e KiTbKICTh 01T, M0 BUKOPUCTOBYETHCS
JUISl TIPEJICTaBJICHHS OJIMHUII BiJieo yacy. BusHauae skicTh 1 po3mip Bigeodaiiny. Burmii
OITPEUT MOKE TIOKPAITUTH SKICTh, ajlie 30LIBITUTE pO3Mip (aitry.

®dopwmatu Bijneo. Bigeokoaeku MOXyTh MATPUMYBATH Pi3HI BijeodopMaru, Taki
ak H.264, H.265 (HEVC), VP9, AV1 Tta inmi. Koxen ¢opmar Mae cBoi mepeBard i
HEJOJIKY, BKJIIOYAIOUU SKICTh CTUCHEHHSI, MIATPUMKY PI3HUX HPUCTPOIB 1 MPOIMYCKHY
3/1aTHICTb.

[linTpuMka  amapaTHOro  mpuHCKOpeHHS.  Jleski  BIICOKOACKH  MOXKYTh
BUKOPHCTOBYBATH arapaTHE MPUCKOPEHHS, M0 JO03BOJISIE 3HU3UTH HABAHTAXKCHHS Ha

MIPOIIECOP 1 MIABUITUTH MPOAYKTHUBHICTS IT1]1 YaC BIITBOPEHHS BiJI€O.
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Buxopuctanss BiieoOKoeKiB HE0OXiqHE B Oaratbox c(hepax, Takux sK BiJeO3armc,
MIOTOKOB1 CEPBICH, BiACOKOH(MEPEHIIl, MyJIbTUMEIIMHI TMPUCTPOi Ta ITPOBI CHUCTEMH.
Bulip KOHKpeTHOro BiJIEOKOJEKA 3aleXKHUTh BIJl KOHKPETHUX BHMOI Ta YMOB

BHUKOPUCTAHH:.

1.2 AkTyanbHICTh BUKOPUCTAHHS B1JICOKOJICKIB

PosrnsiHeMo akTyanbHICTH BHUKOPHUCTAHHS BIJEOKOJAEKIB y Cyd4acHOMY CBITI 3
OTJISIZTy Ha HU3KY KJIFOYOBHUX (DAKTOPIB.

3 poCTOM MOMYJISIPHOCTI TOTOKOBUX TiaTdopm, Takux sk Netflix, YouTube, Hulu
Ta 1HILIUX, BIJCOKOJEKHU BIAIIPAIOTh BAXKIJIUBY POJIb y 3a0e3neueHH1 e(peKTUBHOI epeaayi
B1JICOJTAaHUX MEPEKEIO.

3poctaHHs BignajgeHuX @opM poOOTH 1 CHUIKYBaHHS pPOOUTH Ba)JIMBUM
BUKOPUCTaHHS €()eKTUBHUX B1JICOKOJICKIB /IS Iepeaayl B1ICOCUTHAITY B peaIbHOMY 4Yaci.

Bineokoaekn BUKOPUCTOBYIOTHCS JJIsl CTUCHEHHS BI1JCOMOTOKIB y Bifieoirpax, a
TaKOX JJISI TPAHCIIAIT BiJIEOITOp Yepe3 MEPExKy.

Bineokoaexku, BOyIOBaHI B MeIlaluieeEpd Ta  TEJIEBI30PH, JIO3BOJISIOTH
BIITBOPIOBATH B1J1€0 pi3HUX (opMaTiB 6€3 HEOOX1THOCTI BHYTPILLIHIX MIEPETBOPEHb.

3 pO3BUTKOM IH(PPOBUX TEXHOJOTIH 1 3POCTAaHHSIM OOCSTIB BIJICOKOHTEHTY
BOKJIMBO BUKOPUCTOBYBATH €(PEKTHBHI BIJICOKOJCKH JIsi €KOHOMIl MICI Ha JUCKY Ta
3a0€3MeYeHHSI MBHUIKOTO IOCTYITY J0 BiICOJaHUX.

VY 3B'\I3Ky 3 MONYJSIPHICTIO BiJI€03alKCy Ta MEpPeriisaay Bieo Ha MOOUIBHUX
MPUCTPOSX, BAKIUBO MaTH €(DEKTHUBHI BiJICOKOACKHU, SIKI JO3BOJISIIOTH 3a0€3MEeUnTH
SKICHY TIepeiady TOTOKOBOTO BiI€0 3 0OMEKEHUMH PECYpCaMH.

Bineokoneku BHUKOPUCTOBYIOTHCS Y BHUPOOHUITBI Ta MOHTaX1 BIIEO JUId
30epiranHs Ta 0OpOOKH BEJIMKHUX OOCATIB BlJjeoMarepiaiy.

Bineokoaeku BiIrparoTh KIIFOYOBY POJIb Y Mepeiadl BEIUKUX 00CATIB BiJICOJaHUX

JUTSL BIPTYaJIbHOT 1 IONNOBHEHOT pEaIbHOCTI, /1€ BAXKJIMBA BUCOKA SIKICTD 1 MJIABHICTb.
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AKTYyaJlbHICTh BIJJCOKOJEKIB 3pPOCTA€, OCKUIbKM BOHU BIUIMBAIOTH Ha SIKICTh
B1JICOKOHTEHTY, €(EeKTHUBHICTh Tepeaadl uepe3 Mepexi, po3mip (aiiliB 1 3arajbHUM

KOPUCTYBAIbKUI JOCB1Jl IEPETIISTy Ta BUKOPUCTAHHSA KACTOMI30BaHOTO BiJI€O.

1.3 KonyBanHs Ta JeKOTyBaHHS BiJIeO

Konysanns (Encoding) i nekonyBanns (Decoding) BiA€oKOAEKIB - 11€ MPOIECH, SKi
BU3HAYAIOTh, SIK KOAYETHCS BiAeoiH(pOpMallid i yac CTBOPeHHs (ailmy (KoayBaHH:) i
SIK BOHA BIJTHOBJIFOETHCS 11 BIATBOPEHHS a00 00pOoOKHU Bifeo (eKOTyBaHHS).

KonyBanus (abo CTUCHEHHs) BiI€O MOJSTAa€ B MEPETBOPEHHI BEIMKOTO 00CITY
BIJICOJITAHUX Y MEHILIUI OOCHT.

Ile poOUTHCS 3a TOMOMOTOIO PI3HUX CIEIIaII30BaHUX METOIB CTUCHEHHS, TAKHX
SK BHUJAJICHHS HAQUIMITKOBUX JIeTajei, BUKOPUCTAHHA Tepen0adeHHs, KBAaHTyBaHHS
TOILIO.

3MmeHIIeHHsT 00csaTy Bigeodaiiny, mo 3abe3neuye ePeKTHBHICTH Iepenadi 1Mo
MEpexKi 1 ONTUMaJIbHE BUKOPUCTAHHS MPOCTOPY AJisA 30epiranHs iHdopmarii.

Jl1s KoyBaHHs BUKOpUCTOBYIOThCs koaeku H.264, H.265 (HEVC), VP9, AV1 ta
1HIIII.

JlekomyBaHHST BiZle0O - II€ MPOIEC BIAHOBJICHHS BHXIJHOTO BIJEOCUTHANY 3
KOJIOBaHOTO (hopMaTy Iij yac BIATBOPEHHS a00 0OpOOKH.

Hexonep po3mubpoBye CTUCHYTHH (Dailyi, BIATBOPIOIOYM OPUTIHAIBHHMA
BIJICOCHUTHAJL.

[Ipusnauenuii 1y1st BIATBOPEHHS a00 0OPOOKHU BiIEO B 3pO3YMIJIOMY 1 JOCTYITHOMY
dbopmari.

Jlekosiepy BUKOPUCTOBYIOTH Ti K cami ab0 CyMICHI BIJICOKOJICKH, SIKi
BUKOPHCTOBYBAJIMCS JIJIsI KOJTyBaHHS.

VYceminHe KoayBaHHS 3a JOIMOMOIOI0 BiJIEOKOJIeKa 3a0e3reuy€e BUCOKHUM CTYIIHb

CTUCHEHHS, 30epiralouu Mpu bOMY SIKICTh BiJI€O HA MPUHHATHOMY piBHI. JlekoayBaHHsS
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BIJICO MOJIATAE B PO3MIM(POBII CTUCHEHHX MAHUX /JIS BIATBOPEHHS OPUTIHAIBHOTO
B1JICOCUTHAITY JJIsI IEpETrisay abo 0OpoOKH.

CyMICHICTh MK KOJACKAaMHU Ma€ Ba)XJIMBE 3HAYEHHS, 3a0e3Meuyioun e(PeKTUBHY
B3a€MOJIII0 MIX PI3HUMHU MPHUCTPOSMHU Ta MPOrpaMaMu AJisi KOAYBaHHS 1 J€KOAyBaHHS
KOPHUCTYBALbKOTO Bi/I€O.

bararo cyuacHux BimeokozaekiB, Takux sk H.264 1 H.265, ctanu cranmapramu B

0araTboX J0/JaTKax, 0 3a0e3Meuy€e BUCOKY CYMICHICTh 1 €)eKTUBHICTb.

1.4 AKTyanbHICTb BUKOPUCTAHHS 3BYKOBHX KOJIEKIB

OTtxe, posrstHeMO cepu 3acTocyBaHHs BifeokonekiB B [utepHeTti peueit (IoT),
ockimpk  [oT ~ OXOruIoe  MMPOKWM  CHEKTp  3aCTOCYyBaHb,  BKJIIOYAIOYU
BIJICOCTIOCTEPEIKEHHS, MEIWYHI TMPUCTPOi, CUCTEMHU JOMAIIHBOI aBTEHTU(DIKAIIIi,
TPAHCIIOPTHI CUCTEMHU Ta 1HIIII.

Bineokoaeku BaxiIuBI IS Tiepeaadi 1 30epiraHHsi BEJIUKUX OOCSATIB BiJCOAaHUX,
10 TEHEPYIOTHCS CUCTEMaMU BiJIEOCTIOCTEPEKEHHS B cucTeMax Oe3mneku [0T.

BukopucranHs Bi1I€OKOJIEKIB JO3BOJISIE MTepeiaBaTH B1I€O 3 MEIMUYHUX MMPUCTPOIB
JUIS BIIJAJICHUX KOHCYJIbTallli, HABYaHHS 1 MOHITOPUHTY CTaHY 1 MOBEIHKU MAI[IEHTIB.

Bineokonekn MoOxHa BHKOPUCTOBYBATH Ui Iepenayi MOTOKOBOTO Bieo Ha
PI3HOMAaHITHI MIPUCTPOI B JOMAIIHROMY CEPEOBHII, BKIIOYAIOYU CMapT-TEJIEBI30PH,
BIJICONIPOEKTOPH Ta IrPOBI KOHCOJI.

Bineokoaexku BakJIMB1 JJIs BIJICOMOHITOPUHTY Ta B3a€EMOJII 3 TPaAHCIOPTHUMH
CUCTEMaMH, TaKHUMH SK KaMepH CIIOCTEPEKEHHS Ha Joporax abo B TPOMaJChKOMY
TPaHCTIOPTI.

Bineokoaexku 103BOJISIIOTH TMEpelaBaTH 1 BIATBOPIOBATH BIJIGOKOHTEHT Ha
IHTEPAKTUBHUX MPHUCTPOSIX Ta IrPOBUX KOHCOJIAX B SKOCTI PO3BAXKaJBHOTO €JIieMEHTa
InTepHery peueil.

Bineokoaeku BUKOPUCTOBYIOThCS JIJIsl TIEpeaadi BiICOJJAHUX 3 JIOMAIIIHIX Kamep

Oe3meKu JI71s BIJAICHOTO0 MOHITOPUHTY Ta OXOPOHH.
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3 ormsiry Ha oOMeXeHICTh pecypciB B npuctposix loT, BaxxauBo maTn eeKTUBHI
BIJICOKOJICKH, $KI JO3BOJISIIOTh CTHUCKAaTH 1 TMepeaaBaTd BijJic0o 3 MIHIMAJIbHUM
CTHIOYKUBAHHSM €Heprii.

Bineokoneky BUKOPUCTOBYIOTBCS B CUCTEMAX BiJICOMOHITOPUHTY Ta AHAJITUKH B
PO3YMHHX MICTax JJisl MiABUIICHHS 0e3neku Ta €()eKTUBHOCTI YIIPaBIIIHHS.

3 ornsay Ha PI3HOMAHITHICTH 3aCTOCYyBaHb B IHTEpHETI peueil, BaXJIMBO MaTu
ONTUMAaJIbHI BIJICOKOJICKH, SIKI JIO3BOJISIIOTH IepeJaBaTH BiJIEO BHCOKOI SIKOCTI IpHU
00OMEKEHHUX pecypcax 1 yMOBaX MEPEKI.

IIpomec cTUCHEHHS JaHUX Yy BIJIEOKOJIEKaX BKIIIOYAE B cebe psij MpUHOMIB 1
METOJIIB JiJIs1 3MEHIIIEHHs 00csry Bijeodaiiny 0e3 3Ha4YHOi BTpAaTH SKOCTI 300pa’KeHHS.
[e#t mporec Moke OyTu 3 BTpatamu abo 0e3 BTpart, 3aJIeKHO Bij] TOTO, Y BTPAYAETHCS
SKICTB 1] YaC CTUCHEHHS.

OcCHOBHI €Tanu CTHCHEHHS JIaHUX Y BiJIEOKOJCKaX BKIIOUYAIOTh OMHCAHI HUXKYE
aCTIEKTH.

BunaneHHs HaIIuIIKOBUX JAeTaliel 1 MOBTOPIOBAHUX MATEPHIB Y MPOCTOPOBOMY
BUMIpi. 3aCTOCOBYIOTBCS TaKl METOH, K JETYIUTIKaLlisl, KBAHTYBaHHS Ta QLIbTpallis.

BukopucroByeTbcst i1 3MEHIIICHHS YacOBOI HAAMIPHOCTI MIX KaJpamH.
Bupginenns MiXKKaaApoBOi 3ajie)KHOCTI Ta BUKOPUCTAHHS IPOTHO3YBAaHHS IS
nepeadaueHHsT MaiOyTHIX KaJIpiB.

3acTocyBaHHA PI3HUX ANTOPUTMIB JUIsl KOJYBaHHS AaHUX 3 BTPATOIO 1HPOpMAIIii.
OnnuM 3 HalnomupeHimux MeToiB € Bukopuctanus DCT (AuckpeTHOro KOCUHYCHOTO
NEPETBOPEHHS ), SIKE 3aCTOCOBYEThCS, Hanpukiaz, y ctanaaprax JPEG 1 H.264.

[Ipomec KBaHTYBaHHsS 3HWKYE TOYHICTH TMPEACTABICHHS 3HAYCHHS IIITXOM
BIJIKM/TAHHS MEHIII BOXKJIMBHX O1TIB. [{e KIItouoBUii KPOK y CTUCHEHHI 3 BTpaTamH.

BukopuctanHs pi3HHX THMIB KaJpiB, TakuXx 5K Kito4dosi (I-kaapu), ouikysani (P-
Kazipu) 1 380poTHI (B-kaapu), 1is moaanbsIioro 3MeHIIEHHS 00CSTY TaHUX.

BusnaueHnHs Ta BpaxyBaHHA PyXy OO'€KTIB y BII€OCHUTHAl JJs1 €(PEKTUBHOTO

KOJTyBaHHS 3MI1HU KaJIpiB.
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3acTocyBaHHS aJTOPUTMIB, SIKI MependadaroTh BMICT KaJpiB, a TaKOXX METOJIB
THTEPIOJIAIIT /I 3SMEHIIIEHHS KIJTbKOCT1 1HpOopMallii, Ky He0OX1THO 30epiraTu.

[{i MeToau CHpUAIOTh CTBOPEHHIO €(PEKTUBHUX BiJICOKOAEKIB, SIKI 3a0€3MeUyI0Th
OaaHc Mk 00CSITOM JIaHMX 1 SIKICTIO B1J1I€0300paKEHHS.

CtucHeHHs 3 BTpaTaMU € MOIIMPEHUM IIIX0JI0M y KOAYBaHHI BiJ€O, OCKUIbKU
JI03BOJISI€ 3HAYHO 3MEHIIUTH po3Mip ¢aiily 1 MBHUAKICTh epenadi JaHUX, 10 BaXJIUBO

JIJIs1 TOTOKOBOTO MEepe/laBaHHs 1 30epiraHHs BeJIMKUX 00csTriB iHpopMmairii.

1.5 Tunu KonexiB

Icnye G6araTo TUIIIB BiIEOKO/IEKIB, KOXKEH 3 SIKHX Ma€ CBOI OCOOJIMBOCTI, IepeBaru
Ta Heoaiku. OCh AesKi 3 HAUMONIMPEHIINX B1JICOKOICKIB.

H.264 (AVC) - ue oauH 3 HaUNOMYJISIPHIIINX CTaHIAPTIB KOJyBaHHS BiJI€0, IKUI
BUKOPHUCTOBYEThCA i1 Bimeo Ha YouTube, Vimeo, BigcokoH(pepeHIiii Ta 1HIIMX
maTdopMmax. 3abe3neuye XOpoIy SKICTh P HU3BKOMY OITPEHTI.

Crangaprt, mo npuiiimoB Ha 3MiHy H.264 1 3a0e3nedye Kpaie CTUCHEHHS IpU
36epekeHH1 BUCOKOi sikocTi Biieo. HEVC nobpe niaxoauts 1y 4K 1 BUIIMX pO3A1LTBHUX
31aTHOCTEM.

Po3po6nennii komnaniero Google, VP9 € BiakpUTUM CTaHIApPTOM 3 BIAMIHHUM
CTHCHEHHSIM 1 MIITPUMKOIO BUCOKOI PO3A1IBHOT 31aTHOCTI. BUKOpHCTOBYETHCS, 30KpeMa,
y Bizeo Ha YouTube.

[Ile omuH BiAKpUTHH cTaHIApT, po3podsieHuit rpynoto Alliance for Open Media.
AV1 nponoHye BUCOKHI piBEHb CTUCHEHHS 31 30€PEKEHHSIM SIKOCTI 1 MPU3HAYCHUN JIJIST
BUKOPHWCTAHHS B PI3HUX CIIEHAPIAX, BKIIOUYAIOUN TOTOKOBE MOBJICHHS Ta MEI1aIICEPH.

Cranpapt, sIKMi BUKOPUCTOBYEThCS JJIsi CTUCHEHHS Bifieo Ta aygio mist DVD,
TEJEBI31HHOTO MOBJICHHS Ta 1HIINX BiJle0POpMaTiB.

BuKopHCTOBYEThCS 1711 CTHCHEHHS Bijieo /I [HTepHETY Ta MOOUTBHHUX IMPUCTPOIB.

MPEG-4 mae 6arato pi3HOBHAIB KOJIeKiB, Takux sk DivX 1 Xvid.
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Bimomuii cBOIM BUCOKHM CTYTIEHEM CTHCHEHHS Ta BUKOPUCTaHHSIM Y Bifeodaiiax
BHCOKOI SIKOCTI.

Xvid - nomynsapHuil BUIbHO pO3MOBCIOIKYBAHUN KOJEK CTUCHEHHS BiJI€O.

AppleProBukopucroByerbcss mepeBaxHO y TMpodeciiiHOMYy BIJIECOMOHTaX1 Ta
BUPOOHUIITBI BiJICOKOHTEHTY Ha MpoayKTax Apple.

Ile smume kiTbKa TPUKIAIIB, ICHye 0Oarato IHIIUX BIJIEOKOJEKIB, SKi
BUKOPHUCTOBYIOThCSI B PI3HMX cdepax, BKIOUYAIOYM MOBJICHHS, CTPIMIHT, BIJ€OIIpH,
B1JICONPOJIAKIIIH TOLIO.

Bubip KOHKpeTHOTr0 KOJIeKa MOXe 3aJIe’KaTu B MOTped KOpUCTyBaya, cenudiku

B1JICONPOEKTIB 1 MJIaTMOPMHU BUKOPHUCTAHHS.

1.6 Bigomi cuctemHi 610J110TeKH TPOTpaMHOIO 3a0e3MedeHHs ISl KOAyBaHHS Ta

JIEKOTyBaHHS BiJICOKOCKIB

IcHye AekiyibKa BIJOMUX CHCTEMHHUX O1010TEK MpOrpaMHOTO 3a0e3nedeHHs, SKi
HAJAI0Th (PYHKIIII KOTyBaHHS Ta JEKOAyBaHHS BIJICOKOJEKIB.

Jleski 3 HamomyJspHIMMX O10710TeK y IIH Tamdy3l BKJIIOYAIOTh CHUCTEMHE
nporpaMHe 3a0e3MeUeHHs, ONHMCaHe HIDKYE.

FFmpeg - oana 3 HallMOTyXHIMKX 1 HAUMOMKPEHINX 010J10TeK 11 00pOoOKU
Bijico Ta aynaio. BoHa Hamae 1HCTpYMEHTH ISl KOJyBaHHS, JEKOJyBaHHS, OOpI3KH,
KOHBEpTallii Ta IHIIMX MaHIMyJISAIiH 3 BIZIEO Ta ayIio JaHUMH.

OpenCV (Open Source Computer Vision Library) - 1ie 616:110TeKa KOMITIOTEPHOTO
30py, ajle BOHA TakOX Hagae (yHKIIOHATBHICTH 171 poboTu 3 Bimeo. OpenCV mae
MOJKJIMBOCTI KOJTyBaHHS Ta JAEKOyBaHHS B1I€0 3a JOMOMOI0I0 PI3HUX KOJIEKIB.

libavcodec - cnenudiunnii komnoneHT FFmpeg, 1o BiJinoBigae 3a KO yBaHHS Ta
JIeKOIyBaHHs ayaio Ta Bigeo. L{g 610110Teka MICTUTh BEIUKY KUTbKICTh KOJIEKiB, 30KpemMa

H.264, H.265, VP9 Ta 1ami.
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x264 ta x265 - 6107i0TeKH I KOAyBaHHS Bimeo y cranmaptax H.264 ta H.265
BiMOBITHO. BOHM MIMPOKO BUKOPHUCTOBYIOTHCS MJII CTBOPEHHS BiZICO 3 BHUCOKUM
CTYTICHEM CTHCHEHHSI Ta SKOCTI.

VideoToolbox - dpeliMBOpK, sikuil 3abe3reuye anapaTtHy MiATPUMKY KOyBaHHS
Ta JIEKOIyBaHHS BiJie0 Ha npuctposix Apple, Takux sik Mac ta iPhone.

MediaCodec - nie API ans po6otu 3 MyapTUMEAIMHUMU JTaHUMHU Ha Tu1atdopmi
Android. JIo3Bossie BUKOPUCTOBYBATH armapaTHy MiATPUMKY KOJYBaHHS Ta JEKOTyBaHHS
BiJeo Ha mpuctposax Android.

VLC (VideoLAN Client) BukopuctoBye 6i6siotexy libavcodec mns peanizarii
KOJIEKIB Ta 0OPOOKH MYJIbTUMEIIMHUX JTAHUX.

[{i 6i0mioTekn HagarOTh PO3POOHMKAM IHCTPYMEHTH Ui POOOTH 3 PI3HUMHU
B1JICOKOJICKaMM Ta peaiizallii pi3HuUX omepallii Haja BigeogaHuMu. Bubip 6i0mioTexu

MO’K€ 3aJI€KaTH Bl KOHKPETHUX MOTPEO MPOEKTY, MIaThOopMHU Ta MOBH ITPOrpaMyBaHHS.

1.7 AKTyaJIbHICTH TpaHCHAIII BiJICO 3 BHUKOPUCTAHHSIM MIKPOKOHTPOJEPIB IS

cucteM [HTepHery peueit (IoT)

BuxopucTtanHs TOTOKOBOTO BiJIeO0 3 BUKOPUCTAHHSM MIKPOKOHTPOJEPIB IS
cucteM Iutepuery peueir (IoT) moxe OyTu akTyanbHUM y 0araTtboX CIEHApIsX, €
BOXKJIMBO BIIJIAJIGHO KOHTPOJIFOBATH a00 CIOCTepiratd 3a MOAIsIMH, 00'€KTaMHu abo
IPOCTOpaMHU.

[ToTokoBe Bi€O MOXKHAa BHKOPHUCTOBYBAaTH JJIsi CTBOPEHHS  CHUCTEM
BIJICOCTIOCTEPEKEHHSI 1JI5 B1IAJIEHOTO MOHITOPUHTY Ta Oe3MeKH 00'eKTIB a00 TepUTOPiil,
TakuX K OyauHKH, odick a00 00'eKTH THHPACTPYKTYPH.

[lepenaya Bijeo MOke BUKOPUCTOBYBATHUCS JIJISl BiJIAJICHOTO CIIOCTEPEKCHHS 3a
naieHTaMH, TMPOBEACHHS TeJIeMEeIWIMHU a00 HaBiThb MPOBEICHHS BIPTyaJIbHUX

KOHCYJIbTAIIii.
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Y BHUPOOHMYMX YMOBaX TIOTOKOBE BIJCO MOXKHA BHUKOPUCTOBYBATH JISI
BI/IJIAJIGHOTO MOHITOPUHTY pPOOOYMX MPOIIECiB, CTaHy OOJaJHaHHSA a00 HaBITH IS
HABUYaHHS MTEPCOHAITY.

3a 0nOMOTOI0 Tepejiadl BiIeo MOXKHA BIJAJICHO KOHTPOJIIOBATH 1 CIIOCTEPIraTu
3a JOMAlIHIMU M[polecaMu, Hanpukiaa, 3a Oesnekor abo  JorisaoM  3a
tBapruHaMu.[I0TOKOBE BiZIc0O MOKHA BUKOPHUCTOBYBATH JIJII MOHITOPUHTY JOPOKHBOTO
pyXy, MapKyBaHHs a00 HaBITh JUIsl CTBOPEHHSI CHCTEM BIPTYaJbHOTO CHPUUHATTS JIs
aBTOHOMHUX TPAHCIIOPTHUX 3aCO0I1B.

[ToTokoBE BiI€0 MOKHA BUKOPUCTOBYBATH B MOOYTOBUX €IEKTPOHHUX MPUCTPOSIX,
TaKuX K JIOMAIIIHI BiJIcOKaMepH JJIsI BIAIAICHOTO MOHITOPHUHTY 3 MOOIJIBHUX IIPUCTPOIB.

VY cdepax BipTyanbHOI Ta TOMOBHEHOI PEAJBHOCTI TOTOKOBE BIEO MOXKHA
BUKOPUCTOBYBATH JJI1 CTBOPEHHS €(DEeKTY 3aHYpPEHHS Ta B3aEMO/III.

[ToTokoBe Biieo Moke OyTH BaXKJIUBUM JUISI CUCTEM I'POMAJICHKOT O€3MeKH, TaKUX
SIK BIJIEOCTIOCTEPEKEHHS Ha BYJIMISIX 200 B TPOMAICBKOMY TPaHCIIOPTI.

AKTyalbHICTh BUKOPUCTAHHS TIepeaayil BiJIe0 3a JOMOMOTO MIKPOKOHTPOJIEPIB B
cuctemax loT mossirae B MOXIJIHMBOCTI CTBOPEHHS €(PEKTUBHUX Ta IHTEJIEKTyaJbHUX
plllieHb JUIS BIAJQJICHOTO MOHITOPUHTY Ta YIMPAaBIiHHA PI3HUMH 00'ekTamu  abo
IIPOIIECAMH B PEXKUMI PEATBHOTO Yacy.

MikpokonTtposiep ATMega328, mo BukopuctoByeThes B uiardopmi Arduino Uno,
Ma€ pecypcH 1 o0car mam'sTi, ikl poOJIsTh HOTO MPUIATHUM JIJISl CKIIAIHUX OTepallii 3
BiJICOKOJICKaMH 1 BIATBOPEHHS a00 KOJIyBaHHs BiZICO B peaIbHOMY Yaci.

OnHak, BM MOXKET€ BHUKOPHUCTOBYBATH JI€sIKI omepallli 3 BiJCOKOACKAMH Ta
EKCIIEPUMEHTYBAaTH 31 CTUCHEHHSAM 1 BIITBOPEHHSM BIiJIEO, BUKOPHUCTOBYIOUU L€
MIKPOKOHTPOJIEP.

PosrnsHemo 3aranbHui Miaxia 40 poOoTH 3 BijieokoiekaMu Ha 0a31 ATMega328.

Ockinbku ATMega328 mae 0OMexeH1 pecypcH, ClliJi 0OMpaTh BiJICOKOJCKH, SIKi
HOIATPUMYIOTh HU3bKY PO3AUIbHY 3[aTHICTH 1 MOXYTh OyTH peasi3oBaHi Ha IIbOMY
MiKpokoHTpoJiepl. Hanpukian, 3 po3auibHoto 3aatHicTio QVGA (320x240) abo me

HHMXXYO0I0.
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Jns B3aemonii 3 Bimeokoaekamu, miaTpumyBaHumu ATMega328, wmoxHa
BUKOPHUCTOBYBATU TOTOBI1 010moTeku. Hanpukian, neski 010J110TeKH MOXKYTh IPAIFOBATH
3 JPEG koaexkamu AJisi CTUCHEHHS Ta PO3MaKyBaHHS 300paXeHb.

Bam cmig 3BepHYyTHM 0COONMBY yBary Ha OITHUMI3aIlil0 Balloro KOay, 100
MIHIMI3yBaTH BUKOPUCTAHHS PECYPCIB MIKPOKOHTpOJIepa. 3MEHIIIEHHS 00CATY TaM'siTi Ta
ONTHUMI3AIlis IBUIKOCTI BUKOHAHHS OyAyTh BaXKJIMBUMHU (DaKTOPAMH.

BpaxoByroun ooMexeni moxiinBocti ATMega328, B TaKoK MOXKETE PO3TIISIHYTH
MOJKJIMBICTh BUKOPUCTAHHS 30BHIIIHIX MOJYJIB a00 JOMOMIXKHHUX MIKPOKOHTPOJIEPIB
1151 00poOKu Bifieoaanux, 3anumardn ATMega328 BiANOBIaIBHUM 32 YIPABIIHHS Ta
i1 Gyskiii. st 3MeHIIeHHs 00'eMy BiJIeoJJaHUX HEOOX1THO 00paTH BiJCOKOACKH Ta
HaJAIITyBaHHS, $KI JIO3BOJISIIOTH TMpAIlOBaTH 3 HHU3BKUM OiTpeiitom. BaxmuBo
3a3HAYMTH, 110 peati3allisl BiICOKOJACKIB Ha TaKMX MIKPOKOHTpoJjepax, sk ATMega328,

€ CKJIAJTHUM 3aBIaHHIM yepe3 iX 0OMexeH1 pecypcHu.

1.8 BucHoBOK

Y po3nui po3rsHYTO acleKTH 3BYKOBHMX KOJCKIB, BUCBITJMBIIM iX 3HAYEHHS,
(GYHKIIIOHATBHICTh Ta 3aCTOCYBaHHS B CYYaCHHUX IIU(PPOBUX CUCTEMAX.

3BYKOB1 KOJIEKM MalOTh BHpIIIAIbHE 3HAUEHHS JI1 MEPETBOPEHHS aHAJIOTOBUX
ayIioCUTHAIIB Y 1udpoBuil popmat 1 HaBnaku. BoHu cnpusitoTh eeKTUBHIN nepenadl
Ta 30epiraHHIO ayJloJJaHuX, CTUCKAIOUM iX 0e3 3HauyHOi BTpAaTHU SKOCTIL. Y pPO3ALIL
M1JIKPECITIOETHCS BAXKJIUBICTh PO3YMIHHS 3BYKOBHX KOJEKIB SIK OYyMIBEIbHUX OJIOKIB
Cy4aCHHUX ayJI0TEXHOJOTIH. Y po3/iil MeTadbHO PO3IIISIAI0THCS 3BYKOBI KOJICKH, iXHE
3HAUCHHS Ta 3aCTOCyBaHHs, 30kpema y cdepi IntepHeTy peueit. OOroBOpOIOTHCS
TEXHIYHI aCHEeKTH CTUCHEHHsI ayJ10JJaHUX, TUIHU JOCTYMHUX KOJEKIB 1 MpaKTUYHA
peanmizamiss ayaioQyHKIIA Yy CydacHMX LHM(PPOBUX CHUCTEMAaX 3 BHUKOPUCTAHHIM
MIKPOKOHTpOJIEpiB, Takux ik ESP8266. Lle BceOiuHe NOCTIKEHHS HE JIMIIE NOrTHOII0E
pPO3yMIHHSI 3BYKOBUX KOJEKIB, aj€ W MIJKPECIIO€ iXHIO BaXKJIMBY POJb B E€BOIIOLII

1upoBUX ayII0TEXHONOT1H Ta [HTepHeTYy peueit.
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2 OIIMC KOMIIOHEHTIB ITPOI'PAMHOI'O 3ABE3IIEYEHHSA
CUCTEMHU HNIATPUMKHU MVJIBTUMEIIA JJIS1 MIKPOKOHTPOJIEPHUX
CUCTEM HA BA3I ATMEI'A328

2.1 ATmega 328

MikpokonTtposiepy ATmega - 1e manonoryxHi 8-po3psaHi CMOS-mipuctpoi,
noOyoBaHi Ha ocHOBI nepeaoBoi RISC-apxiTexktypu AVR®.

I1i MIKpOKOHTpOJEpH BUKOHYIOTH IHCTPYKIli 3a OJMH TakKT, IO J03BOJIE iM
JOCATaTH MPOIYCKHOI 3JaTHOCTI Mpolecopa, OJMM3bKOI 10 MUIbHOHA 1HCTPYKILINA B
cekynny (MIPS) Ha merarepn. Taka mpOayKTUBHICTh JO3BOJISIE PO3POOHUKAM CHUCTEM

e(heKTUBHO OaJaHCYBAaTH M1 €HEPIrOCIOKUBAHHAM 1 MIBUAKICTIO 0OpPOOKH TaHUX.

2.2 Kondirypariii BUBOIB

ATmega328 mae BUBOJIH, sIK TOKa3aHO Ha pUCYHKY 2.1. JleTanpHa iHGOpMaIllis Ipo

posrtairyBaHHsl BUBOAIB it ATmega328 HapeneHa B Tadmuiii 2.1.

Tabmung 2.1 - Po3noain BuBoaiB ATmega328

A PD2 PD1 PC6 PC4 pC2 PC1
B PD3 PD4 PDO PC5 PC3 PCO
C GND GND ADC7 GND
D VDD VDD AREF ADC6
E PB6 PD6 PBO PB2 AVDD PBS
F PB7 PDS PD7 PB1 PB3 PB4

[Topt B - e 8-po3psimuuii JBOHANpPaBICHU TOPT BBOAY/BUBONY 3 BHYTPIIIHIMU
HIATATYIOYUME PE3UCTOPaMHU, K1 MOKHA BUOpAaTH OKpeMo sl KoxkHOoro Oita. BuximHi
Oydepu nopty B MaioTh cuMeTpHyHiI XapaKTepUCTUKHU HAKOMHMYyBaya, 110 3a0e3reuye

CUJIbHI MOKJIMBOCTI MpHiiMaya Ta jpxepena. [Ipu BUKopucTaHHi B SKOCTI BXO/I1B BUBOJIU
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nopty B OynyTh mxepernom cTpymy, SKIIO HAa HUX MOJAE€THCS HU3LKHUM PIBEHb 330BHI 1

MITATYI0Ul PE3UCTOPH YBIMKHEHI.
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Pucynoxk 2.1 - Kondirypaiist BUBOI1B

Ilin yac ckugaHHS BUBOJAW TOPTYy B mepexonsTh y BHUCOKOIMIIEJAHCHHUM CTaH

(TpucTamiiHU) HE3aJIeKHO Bi/I CTaHy TAKTOBOTO T€HEpaTopa.

3ajie)XHO BIJI HaJAIITyBaHb 3all00KHUKA BHOOpPY TAaKTOBOIro TeHepaTopa, PB6

MO’KE€ CIY>KUTH BXOJOM JJIsl MiJICHJIIOBAa4Ya 1HBEPTYIOYOrO0 TeHepaTtopa 1 BXOJOM st

BHYTPIIIHBOI CXE€MH pOOOTH TAaKTOBOIO TreHeparopa. AmHajoriuno, PB7 wmoxnHa

HaJjalTyBaTU SK BHUXiJ 3 TMJCHIIOBaYa I1HBEPTYHOYOrO TeHeparopa Ha OCHOBI

HaJaIITyBaHb 3alI001KHUKA BUOOPY TAKTOBOTO T€HEpATOpA.
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Konu BuyTtpimHii kaniopoBanuii RC-renepatop oOpaHO MKEperoM TaKTOBOTO
curHany wikpocxemu, PB7 1 PB6 cnyryrote Bxomamu TOSC2 1 TOSCI1 pmus
ACMHXPOHHOTO TaiiMepa/miuuiIbHuKa2, 32 yMOBH, 1m0 0iT AS2 B ASSR BcTaHOBIICHUIA.

[Topt C - e 7-po3psiiHUiA JBOHATIPABICHUI MOPT BBOAY/BUBOIY 3 BHYTPIIIHIMU
MIITATYIOUUMH PE3UCTOPAMHU, SIKI MOKHA BMUKATU OKPEMO I KOKHOro 0ita. BuximHi
oydepu aiia BuBoaiB PC5 - PCO maroTh cuMeTpHUHI XapaKTEPUCTUKHA HAKOTIMYYBaya, 110
3a0e3neuye CUIbHI MOXJIMBOCTI JJIsi CKMJIAHHS Ta OTPUMAHHS JIaHUX. SIKIIO BUBOJAU
nopty C ckoH(IrypoBaHi K BXOJH, TO BOHH CTAIOTh JDKEPEIIOM CTPYMY, SKIIO Ha HUX
330BHI MOJIATH HU3bKUW PIBEHb 1 YBIMKHYTH MIJATATYIOUl PE3UCTOPH. Y pas3l CKHUIAHHS,
BUBOAM TOPTY C mMepexoisiTh Yy BHUCOKOIMIICAHCHHM CTaH (TPUCTaHH), HABITh SKIIO
TaKTOBUI I€HEPATOP HEAKTUBHUMU.

Komu 3anporpamoBano 3ano6ixkHuk RSTDISBL, PC6 ¢yHkiioHy€e (K BHUBIA
BBOAY/BUBOJY. BaxinBo 3a3HauuTH, M0 e€JIEKTpU4Hi Xapakrtepuctuku PC6
BIJPI3HAIOTBCA BIJ XapaKTepUCTUK I1HMHKX BHBOAIB mopTy C. Skio 3amo6iXHHUK
RSTDISBL ne 3anporpamoBano, PC6 mpaittoe sk BXiJ CKUIaHHS. Y TpUMaHHS LbOTO
BUBOJY Ha HU3bKOMY DPiBHI JOBIIE, HIXXK MiHIMaJIbHa TPUBAIICTh IMITYJIbCY, IPU3BEAE J10
CKMJIaHHSI, HE3aJIE’KHO B1J] TOTO, YU MPALOE TOAUHHUK.

[Topr D - ne 8-OiTHMiI JBOHANpaBiIEHU MOPT BBOAY/BUBOAY 3 BHYTPIIIHIMH
HIATATYIOYUME pe3ucTopaMu (TiaiopaHuMu i KoskHOTo 0iTa). Buxigni 6ydepu mopry
D MaroTh CHMETpUYHI XapaKTEPUCTUKN HAKOMHMYyBa4a 3 BUCOKUMH MOKITUBOCTSIMH SIK
npuiiMaya, Tak 1 Jkepena. Ik Bxoau, BUBou MopTy D, sKi 330BH1 3aTATHYTI HA HU3bKUIA
piBEHb, OYIyTh JUKEPETIOM CTPYMY, SIKIIIO aKTUBOBAHI MiITATYBaJIbHI pe3ucTopu. BuBoau
nopty D craroTh TpUCTAOUII30BAHUMH, KOJU CTa€ aKTUBHUM CTaH CKUJAHHS, HaBITh
SKIIIO TOAMHHUK HE MPAIIIOE.

AVCC cayrye BuBogom Harnpyru sxuBiieHHst 1t ALII, a Takoxx s BUBOIIB
PC3:0 1 ADC7:6. PexomenayeTbcst BCTaHOBUTH 30BHiIIHE 3'eqHanHs Mk AVCC 1 VCC,
HE3aJIeXKHO BiJ] TOTO, 4l BUKOpUCTOBY€EThCst ALIIL. ¥V pasi Bukopuctanus ALIL, 3'eqnanus
Mk AVCC 1 VCC crig BcranoBUTH 4yepe3 QpiabTp HUKHIX yacToT. AREF dyHkionye

SIK aHAJIOTOoBUI omopHuit BuBia st AL
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2.2 CrpykrypHa cxema ATmega328

Ha pucynky 2.2 moka3zaHo CTpyKTYpHY cxeMmy MikpokoHTpoJiepa ATmega328.

I
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Pucynok 2.2 - CtpykrypHa cxema ATmega328

RESET

KTAL[ 2]

SAnpo AVR 006'ennye pisHOMaHITHUN HaO1p IHCTPYKLIH 3 32 poOounMHU pericTpaMu

3arajibHOro npusHadeHHs. KoxkeH 3 mux 32 pericTpiB Oe3nocepeaHbo TOB'S3aHUN 3
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apuPpMETUKO-IOTTYHIM TpucTpoeM (AJIY), Mo 103BOJSE OTPUMATH JOCTYI JO JIBOX
HEe3aJIC)KHUX PETICTPIB B MEXKaxX OJHIET IHCTPYKIIii, IKa BUKOHYETHCS 32 OJMH TaKT.

Sk HacHAOK, apXITEeKTypa JOCATaE BULIOI €pEKTUBHOCTI KOy, 3a0€3MeUy0un Mpu
IIbOMY TIPOMYCKHY 3JaTHICTh 1O JECATH pasiB OUIblly, HDK Yy TpagulliiHUX
MmikpokoHTpoJiepiB CISC.

ATmega MoOXe TMOXBAIUTHCS BpakalounM HaOOpoMm (QYHKIH, BKIIOYAIOYN
BOyZI0BaHy TporpaMoBaHy ¢uieni-nmam'stb 00'eMoM Biag 4 10 8 KOGalT 3 MOXIMBICTIO
yutanug 1 3anucy, EEPROM Bix 256 no 1 KGaiit i SRAM Bin 512 no 2 Ko6aiit. Bin mae
23 nmiHil BBOJY/BUBOJY 3arajbHOTO MPU3HAYEHHS, a TakoX 32 poOOUYHX pEricTpu
3arajJlbHOro  mpu3HadueHHs. KpiMm Toro, BIH BKIIOYAaE TpU  YyHIBEpCaJbHI
TaMEepU/IYMIBHUKHA 3 PEeXUMaMHU TOPIBHAHHA, MIATPUMKY BHYTPILIHIX 1 30BHIIIHIX
nepepuBaHb, a TaKOX Taki (yHKIi, SK TOCIIJIOBHUN MporpamMoBaHuil iHTepdeic
USART, 6aiiT-opi€eHTOBaHUM 2-TIPOBITHUI MOCIIITOBHUM 1HTEp]Eiic 1 TOCIITOBHUM TOPT
SPI. Kpim Toro, BiH iHTerpye 6-xaHanbHuii 10-po3psmuuit ALIL (3 8 xanamamu B
kopriycax TQFP 1 QFN/MLF), nporpamMoBaHuii CTOpOXOBUM TaliMep 3 BHYTPILIHIM
TeHepaTopoM 1 3abe3neuye M'ATh PEKUMIB EHEPro30epeKeHHs, IO OOUPAOTHCS
IporpamMHo. Y pexuMi MPOCTOI0 MPOLECOP 3YNUHSAETHCA, TO3BOJISIOUN MPOJIOBKYBATH
podory O3Il, Taitmepy/miunnbarkam, USART, 2-npoBiiHOMY MOCIIIOBHOMY
iHTepdeticy, mopty SPI Ta cucremi mepepuBanb. Y pexXuMi eHEPro30epexeHHsT BMICT
pericTpiB 30epira€Thesi, ajie reHepaTop 3yNHUHSIETHCS, BIAKIOYAIOYM BCl 1HINT (YHKII
MIKpOCXEMHU JI0 HACTYITHOTO MepepUBaHHA 200 anapaTHOTO CKUAAHHS.

VY pexxumi eHepro30epeKeHHs] ACHHXPOHHUI TaliMep 3aTHIIAETHCS] AKTUBHUM, II10
JI03BOJISIE KOPUCTYBadeBl MiATpUMYyBaTh 0a3y TaliMepa, IMOKHM 1HIII KOMIIOHEHTH
IPUCTPOIO NEepedyBatOTh y CILITYOMY pexumi. Pexxum 3menmenns mymy AL 3ynunse
poOoty LII1 1 Bcix Mmoay:aiB BBOAY/BUBOAY, KpIM aCHHXpOHHOTO Taitmepa 1 AL, 3 MmeToro
3MEHIIICHHSI IIyMy MepeMUKaHHs mij dac nepetBoperb ALl V pexumi odikyBaHHS
KBapIIOBHI/PE30HATOPHUIN TEHEPATOP 3ATUIIAETHCS POOOYMM, B TOW HYac SK peITa
NPUCTPOIO TepedyBae B CIUITYOMY PEXKHMIi, IO CIPHUSE IIBHIKOMY 3alyCcKy IpH

MIHIMaJbHOMY CIIOKMBaHH1 €HEPTii.
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Microchip nanmae 6i6mioteky QTouch, mpusnaueHy nnsi iHTerpamii €MHICHHUX
CEHCOPHUX KHOIOK, TIOB3YHKIB 1 KOJIINIATOK B MIKpOKOoHTpojepu AVR®.
BuxopucToBytoun 3amaTeHTOBaHY TEXHOJIOTiIO 300py CHUTHally MEpPEHECeHHs 3apsiy,
BOHA 3a0e3mneuye HaJiiHe 3UMTYBaHHS 1 BKJIIOYA€ B ce0e MOBHICTIO Jemn(poBaHi 3BITH
PO CEHCOPHI KJIABIIII, a TAKOXK TEXHOJIOT1I0 MPUIYIIEHHs CcycinHiX kiasim (Adjacent
Key Suppression™ (AKS™)), mo 3abe3nedye 4iTKe BUSBICHHS KIIOUYOBUX TOJIM.
3pyunuii Habip iHCTpyMeHTIB QTouch Suite no3Bosisie kopucTyBayaM JOCIIIKYBATH,
PO3POOIIATH Ta YCyBaTH HECIIPABHOCTI BIIACHUX CEHCOPHMX JOJATKIB.

[Ipuctpiii  BUTOTOBJIEHO 3  BHKOPUCTAaHHSM  TEPEAOBOi  TEXHOJOTIi
SHEeproHe3aJIeKHO1 MaM'siT1 BUCOKOI MIbHOCTI Bl Microchip. BOyaoBana ¢uiemni-nmam'sath
ISP Flash no3Bosse mnepenporpamyBaTd MpOrpaMHy IMaM'siTb B CHUCTEMI 4Yepes
nocaigoBHuid  iHTepdeiic SPI, 3a jgomomoror  3BHYAWHOrO  Mporpamaropa
eHEeproHe3aIeKHOI MaM'aTi ad0 3a TOIOMOT 010 BOYI0BaHOT POrpaMu 3aBaHTaKEHHS, 110
BUKOHY€eTbca Ha saapi AVR. Lls 3aBaHTakyBanbHa mporpama MoXe BUKOPHUCTOBYBAaTH
Oynb-skui 1HTEepdec s 3aBaHTAKEHHs MIPUKIIAIHOI MpOorpaMu B MPUKIAIHY (Iiel-
nam'site. Tum yacom, mporpamue 3a0e3meueHHst B cekuii Boot Flash mpomomxye
BUKOHYBATUCS, TIOKA OHOBJICHHSI BHOCATHCS B cekilito Application Flash, 3a6e3neuyroun
crpaBxHI0 pyHKIIOHATBHICT Read-While-Write (untanss 1 3anuc). 3aBIsSKHU IHTETpatlii
8-pospsimaoro RISC-mporiecopa 3 BOy10BaHOIO CaMOIPOTPaMOBAHOIO (IIeTI-TIaM'aTTIO
Ha ojgHOMYy Kpuctaii, ATmega328 € HaAliHUM MIKPOKOHTPOJEPOM, IO MPOIMOHYE
BHUCOKOQ/IalITUBHE 1 EKOHOMIUHO €(EeKTUBHE PIIIEHHS Ul PI3HUX BOYJOBAaHUX CHUCTEM
KEepyBaHHSI.

ATmega AVR cynpoBoKy€eTbCs IIMPOKUM CIIEKTPOM 3aC001B PO3POOKU POrpam
1 cucteMm, BKiIoUaroun kommuisaropu C, makpoacemOliepH, BiIJIaIYUKH/CUMYISITOPU
porpam, BHYTPIITHBOCXEMHI €MYJIITOPU Ta OI[IHOYHI HaOOpH.

PesynbraTtu kBamigikauii HaAIHHOCTI BKa3ylOTh Ha T€, [0 OYIKyBaHa 4acToTa 300iB
y 30epekeHH] naHux 3HadyHO Hux4a 3a 1 PPM mpotsarom 20 pokiB mipu 85°C a6o 100

pokiB nipu 25°C.
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Jlnsa peamizanii ceHCOpHUX 1HTEp(eiiciB Ha OUTBIIOCTI MIKpOKOHTpojepiB AVR
oi6moreka QTouch mpomnonye mpocte pimieHHs. BoHa BkItodae B cebe MIATPUMKY
meTo1B 300py nanux QTouch ta QMatrix™.

BnpoBamxeHHs: CEHCOPHOTO BBOJIY B Oy/b-sIKY IIporpamy repeadayae iHTerpario
BianoBigHO1 6i06mioreku QTouch, po3pobnenoi mias mikpokoHTposiepiB AVR. Ileit
npoliec nepeadayae BUKOPUCTaHHA MpocToro Habopy API nns mo3HaueHHS CEHCOpPHUX
KaHAJIB 1 JaT4YuKiB, 3 NOAaJblIUM BUKIUKOM APl ceHcopHOro 30HIyBaHHS s
OTPUMAaHHS JaHUX PO KaHaJ 1 BA3HAYEHHS CTaHy CEHCOPHOTO JTaTYHKa.

Jist onTuMizallii OpoAyKTUBHOCTI Ta mapanenisMmy B AVR BUKOpPUCTOBYETHCS
rapBap/chka apXiTeKTypa, 1[0 iepeadavae oKkpeMy rmam'siThb 1 IIMHU 711 IpOorpam 1 JaHuX.
[HcTpykmii, mo 30epiratoThCsi B MaMm'siTi MporpaMm, BHUKOHYIOTBCS 3a JOMOMOTOIO
OJIHOPIBHEBOI'O KOHBEEPHOTO MexaH13My. Kol BUKOHYETHCS OJTHA THCTPYKIIisl, HACTYITHA
THCTPYKLIS MOTIEPEHBO BUTATYETHCS 3 MTaM'sIT1 IpOTrpam.

[lefi mpuHLMII TOJIETIIyE BUKOHAHHS 1HCTPYKLIA y KOXHOMY TakTi. Ilam'sTh
MporpaM CKJIAAAEThCS 3 BHYTPIITHLOCUCTEMHOI MepenporpaMoBaHoi (iiet-mam'si.

PerictpoBuii (aiin, sxuil 3a0e3neuye MBUAKUNA JOCTYI, CKJIAagaeThes 3 32 x 8-
OITHUX POOOYMX PETICTPIB 3arajbHOTO MPU3HAYEHHS, JOCTYHMHUX IPOTITOM OJHOTO
TakTy. Ll 0cOOGIMBICTH MOJIETITyE OAHOTAKTHI apudMeTuxo-yioriydi onepaii (ALU).
[Tix gac TunoBoi omnepartii AJII1 1Ba onepanau 3aBaHTaXyIOTHCS 3 PETICTPOBOTO (haiiy,
orepallisi BAKOHY€TbCS, a pe3yJIbTaT 30epIracThCsl Ha3aj y pericTpoBoMy Qaiini - 1 Bce 1e
IPOTSATOM OJTHOTO TaKTY.

3 32 pericTpiB HIICTh MOXYTh (YHKIIOHYBAaTH K TpU 16-po3psaHi HeEnpsiMi
aJpECHi pericTpu-BKa3iBHUKH IS apecallli mpoCcTopy AaHUX, 110 JT03BOJIIE€ €(heKTUBHO
obuuncmioBatn aapecu. KpiMm TOro, oguH 3 IUX MOKAKYUKIB aIPECH MOXKE CIYKUTH
NOKXYMKOM aJ[pecu Il TaOnuilb Momyky B mnporpamuiii mam'ati Flash. I{umu
0IaTKOBUMU (YHKITIOHATFHUMU perictpamu € 16-po3psani X-, Y- ta Z-perictpu, siKi
OyIyTh IETaTbHO PO3MISIHYTI Mi3HIIIE B I[bOMY PO3ILTI.

AJIII 3nateH BUKOHYBaTH apu(METHYHI Ta JIOT14HI onepalli Mk perictpaMmu ado

MIDXK KOHCTAHTOO Ta perictpom. Kpim Toro, B AJIY MoxkHa BUKOHYBATH OTIepallii 3 OJJHUM
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perictpoM. Ilicis BUKOHaHHS apu)METHUHOI OTepallii pericTp cTaHy OHOBIIOETHCS, 100
BiI00pa3uTH iHGopMalliro, ika CTOCYEThCS pe3yJIbTaTy OIepallii.

[ToTik mporpamMu MOJETUIYETHCS 32 PAXYHOK YMOBHHX 1 0€3yMOBHUX 1HCTPYKIIii
nepexoay 1 BUKJIMKY, IIO JI03BOJISIE MPSMY aJpecalliio BCbOTO aJPECHOr0 IMPOCTOPY.
binbmricts iHCTpyKIiKi AVR BindopmaroBani B ogHe 16-6itHe cimoBo. KoxkHa aapeca
nam'saTi mporpam MicTuTh 16- a60 32-01THY IHCTPYKIIIFO.

[IpocTip mnporpamuoi uem-nmam'sTi poO3AUICHUH Ha JB1 CEKIli: CeKIIilo
3aBaHTAXXYBAJIbHOI MPOTpaMM 1 CEKIiI0 NpukiagHoi mporpamMu. OOUIBI CEKIii MalOTh
crietiayibHl O1TH OJIOKYBaHHS ISl 3aXMUCTY BiJ 3alKUCy Ta YUTAHHS/3alKCy. 30KpeMma,
1HCTpyKIis SPM, 1110 BIJIMOBIAA€ 32 3aIUC B CEKIIII0 MPUKIAAHOT (pieti-mam'sTi, HOBUHHA
3HAaXOJUTHUCS B CEKIii 3aBaHTaXKyBaJIbHOT POTPaMH.

[lin yac mepepuBaHb 1 BUKIMKIB MHiAIpOrpaM, aapeca MOBEPHEHHS JTIYMIbHUKA
nporpam (PC) 36epiraetscs B creky. CTek eeKTUBHO PO3MOITICHUH y 3arajabHIi mam'sTi
nannx SRAM, omxe, po3mip cTeKy OOMEKYe€TbCS BHUKIIOYHO 3arajlbHUM PO3MIpOM
SRAM Tta iioro BUKOpUCTaHHAM. Y Cl KOPUCTYBAIlbK1 TpOrpaMu MOBUHHI 1HII1a/113yBaTH
BKa3iBHUK cTeKy (SP) y mpoueaypi Reset mepen BukoHaHHSM migmporpam abo
nepepuBanb. [lokaxuuk creky (SP) mocTymHuit njis omeparliii YuTaHHS Ta 3aIlucy B
MeKax MPOCTOPY BBOY/BHUBOTY.

Hoctyn no O3I1 nanux 3M1ACHIOETHCS Yepes3 IM'sITh PI3HUX PEKUMIB aapecallii, 1o
HNIATPUMYIOTECS B apXiTekTypi AVR.

Bci xomipku mam'siti B apxiTekTypi AVR MaroTh NiHiiHI Ta yHiIQIKOBaHI KapTu
nam'siTi.

AnanTuBHUN MOIYJh IEPEPUBAHb MA€ CBOI PETICTPU KepyBaHHS, PO3TAIIOBaHI B
MPOCTOPi  BBOJY/BUBOJY, JOMOBHEHI JOAATKOBUM OITOM [03BOJY TJ100abHOTO
nepepuBaHHs, pO3MIILLIEHUM B pericTpi crany. KoxkHe nepepruBaHHs Ma€ 1HAUBIAYalbHUN
BEKTOp TMEpEepUBaHHS B TaOJIHUIII BEKTOPIB MEPEPUBaHb, TPIOPUTETH IKUX BU3HAYAIOTHCS
BIJIMOBIIHUMHU TIO3UITISIMA BEKTOPa MepeprBaHb. MeHII aapecu BEKTOPIB MepepHBaHb

BIJIOBIJIAl0OTh BUIIUM PIBHSM IPIOPUTETY.
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[Ipoctip mam'aTi BBOAY/BHUBOLY OXOIUIIOE 64 ajapecw, MpU3HAYEHI IS
nepudepiitnux (QyHKIINA Tpoiiecopa, perictpiB kepyBaHHs, SPI Ta iHmux QyHKIM
BBOAY/BUBOY. MOXIMBUIN IPSIMUI TOCTYI A0 MaMm'siTi BBOAY/BUBOY, a00 K AOCTYII JI0
HEi MOXHA OTPUMATHU 4Yepe3 KOMIPKM MPOCTOPY JIaHUX, SKI CHIIAYIOTh 32 KOMIpKamu
perictpoBoro dainy (0x20 - 0x5F). Kpim Toro, ATmega mae po3mmpeHuid mpocTip
BBOAY/BUBOY BiJ 0x60 10 OXFF B Mexxax SRAM, fe 3acTOCOBYIOTHCS TUIBKH IHCTPYKIIIi
ST/STS/STD 1 LD/LDS/LDD.

ALU, ckopouenns Big Arithmetic Logic Unit, npaitoe 3 BUCOKOIO e(DEeKTHUBHICTIO
B apxiTektypi AVR, Oe3nocepeaHb0 B3aeMOIil0YM 3 yciMa 32 poOOYMMH pericTpaMu
3arajJpHOTO MPU3HAYCHHS.

3a OMH TaKT BUKOHYIOTHCS apu(METHUHI Omepallii Mk perictpaMu 3arajbHOro
npu3HadueHHss abo Mik perictpoM 1 Oe3mocepeAaHiM 3HadeHHsAM. Omeparii AJTY
HOJIJISIOTHCS HAa apu(MeTHYHi, JToTiuHi Ta 61ToB1 QyHKII1. [1eBHI peanizalii apXiTeKTypH
MOJKYTh TAaKOX MaTH Ha{IHHUN MHOXHHUK, 3aTHUNA 0OpOOIIATH MHOXKEHHS 31 3HAaKOM/0€3
3HaKy Ta JpoboBuit ¢opmat. s oTpumaHHs AeTanbHOI 1HGOpPMAIli 3BEPHITHCS 10
po3nuty «Habip iHCTpyKIIii».

Perictp crany 30epirae iHdopmMaliro Mpo pe3yiabTaT OCTAaHHBOI BUKOHAHOL
apugmeTnyHoi komanau. L{i 7aHi MOKyTh BIUIMBATH Ha MOTIK MPOTPaMU AJI1 BAKOHAHHS
yMOBHUX ormepaitiid. Ciiji 3a3Ha4UTH, M0 PETICTP CTaHy OHOBJIIOETHCS MICIIsI BUKOHAHHS
Bcix omeparitiid AJIY, sk 3a3HaueHO B JAOBIAHUKY HaOOpy IHCTpYyKIii. Ile yacTo ycyBae
HEOOX1/IHICTh BUKOPUCTAHHSI CIIEUIAIbHUX 1HCTPYKI[iM MOPIBHSAHHS, B PE3YJbTaTl YOTO
KOJI CTa€ MIBUJIIINUM 1 KOMITAKTHIIIHM.

[1ix yac iHiIFOBaHHS MiANPOTPaMU MEPEPUBAHHSA Ta ii MOJAIBIIOTO TOBEPHEHHS,
pETiCTp CTaHy HE 30epiraeThbcs Ta HE BITHOBIIOETHCSI aBTOMATUYHO. L5 BiAMOBINaNbHICT
NOKJIaJA€ThCsl Ha MporpaMue 3abe3nedeHHs. Perictp crany cralinizaropa, mo3HauYeHUN
ak SREG, nmoka3anuii Ha pucyHKy 2.3.

bit 7 - I: 'mo6anbumii 103811 iepepuBanHs. {15 akTuBalii nepepuBanb HE0OX1THO
BctaHoBuTH 01T Global Interrupt Enable. AkTuBariiss okpeMux mepepuBaHb KePyeThCS

4yepe3 OKpeMi PericTpu KepyBaHHS.
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He Oy/ie aKTUBOBaHE, HE3aJIEKHO BiJI HAJAIITYBaHb JI03BOJIY OKPEMUX MEPEPUBAHbD.

iHcTpykuis RETI BctanOBIIOE HOr0 A7st 03BOJYy HACTYMHUX NepepuBaHb. [Iporpamumii

Bit
0x3F (0Ox5F)
Read/Write

Initial Value

S0 pericTp rinodanbHOTro J103BOJY NMEpEepUBaHb OUMILIEHO, KOJAHE 3 TIEPEPUBAHD

[licnss BUHUKHEHHS TepepuBaHHs [-01T aBTOMAaTUYHO OYMIIYETHCS anapaTHo, a

[ Diata Bus B-bit

Program Status
Flash | N E= —
Program Counter and Controd
Mamaorny =
Intarrupt
L = A2x8 - Umit
IncEtmuction General -
Fegistar Purpoze S|
. Ragiztrars — Unit
w
Instruction o Watchdog
Dacoder ¥ ¥ i Timar
% g ALU s Analog
Control Lines E = Comparator
[ £
= E | |0 Moduls1
N Data « sl 110 Moduls 2
- SRAM
— 140 Moduls n
EEPROM —
i Lines 4

\/

Pucynok 2.3 - CtpykTypHa cxema apxitekrypu AVR

7 6 5 4 3 2 1 0

| T H S Vv N Z c
RIW RIW RIW RIW RIW RIW R/W RW

0 0 0 0 0 0 0 0

Pucynok 2.4 - Perictp crany crabinizaTopa

SREG

3M.

ADK.

No nokyM.
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KOHTpPOJIb Haf [-01T Takox MoxkyuBHii 3a oromoroto iHcTpykiiid SEI 1 CLI, sx onmcano
B JIOBIJIHUKY IO HAOOPY 1HCTPYKIIIiA.

bir 6 - T: 30epiranns 6iToBoi kormii. [ncTpykuii konitoBanus 6itie BLD (Bit LoaD)
1 BST (Bit STore) BuKopucToBYI0Th T-01T SIK JpKEpEno abo MicIle Mpu3HaveHHs 115 OiTa,
1o onepyetbes. [HeTpykiiss BST nepenocuts 01T 3 perictpa B perictpoBomy daiiii B T,
a iHcTpykiis BLD komitoe 0it 3 T B pericTp B perictpoBomy (aidi.

bit 5 - H: npanopeup HamiBnepeneceHHs. [Ipanopens nojsosuHHoro nepenocy H
CUTHAJII3y€ MPO MOJOBUHHUHN MEPEHOC MiJ Yac MEBHUX apu(METUUHHUX OMepaiii, mio
0Cco0JIMBO KOPUCHO B JIBIHKOBO-JIeCcITKOBIM apudmeruiii (BCD).

bit 4 - S: 3nakoBuii 6iT, S = N V. S-6iT npencrasnse Bukitoune ABO mix
npanopom 3arnepeueHHs N 1 mpanopom NnepernoBHEHHS JOTIOBHEHHS ABOX V.

bit 3 - V: npanopeupr nepenoBHEHHsI ABIMKOBOTO jomoBHeHHs. [Ipamopenpb
NEPETIOBHEHHS TONOBHEHHSI IBOX V TOJIETIIy€e apu(pMETHKY TOTIOBHEHHS ABOX.

bir 2 - N: 3anepeunuil npamopeus. HeratuBuuii mpamopenb N BKasye Ha
HEraTUBHUH pe3yibTaT apudMEeTHIHOI a00 JOTIYHOI oneparii.

bir 1 - Z: npanopeup wnyna. HynboBuii mpamopenps Z BKa3zye Ha HYJIbOBHIA
pe3yJbTaT apuPpMeTUYHOI 200 JIOTTYHOI orepalrii.

bit 0 - C: npanopeus nepeneceHHsi. [Ipanopeup nepenocy C curhanizye mnpo

nepeHoc B apuMeTuuHii abo JOT14HIi oneparii.

2.3 PericTpoBuii (haiis1 3arajJibHOT0 MPU3HAYCHHS

PerictpoBuii (aiia CTBOpeHO 3 ypaxyBaHHSM HaOOpYy IHCTPYKIIH PO3IMIMPEHOL
RISC-nporpamu AVR, 1m0 3a6e3nedye HE0OXiIHY NPOAYKTUBHICTH 1 YHIBEPCATIbHICTh
3aBJIIKM HACTYITHUM KOH(]IryparisiM BBOy/BUBOJLY:

- Onun 8-01TOBUI BUXITHUM OTIepaH/l 1 OAUH 8-01TOBUI BX1] pe3ybTaTy.

- JIBa 8-01THHX BHXITHUX OIepaHsa 1 OauH 8-01TOBUH BXiJ pe3ybTaTy.

- JIBa 8-01THHX BHXITHUX OTNepaHau 1 oauH 16-01TOBUIl BXia pe3yibTaTy.

- Onun 16-61ToBMI BUXITHUN oniepaH 1 o1uH 16-01TOBUI BX1]1 pe3yJIbTary.
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PosramnryBanns 32 po6ouux perictpi 3aranbHoro npusHaueHns B L{I1 300paxkeno
Ha pUCYHKY 2.4.

barato iHCTpyKIi#i, sIKI B3a€EMOJIIOTH 3 PETICTPOBUM (ailioM, MPOMOHYIOThH
OpsIMUM JOCTYI 10 BCIX PETICTPIB 1, IK MPAaBUIIO, BUKOHYIOTHCS 32 OJIMH IIUKIL.
Sk moka3zaHO Ha PUCYHKY 2.4, KOKEH PEriCTp aCOLIIOEThCS 3 apecol0 Mam'sTi JaHuX,
e(peKTUBHO B1IOOpaxarouH iX y MOoYaTKOBI 32 KOMIPKH MPOCTOPY JAaHUX KOPHCTyBadya.
Xoua (Gi3UYHO 11 HE peaizoBaHO y BUTJIAAI KOMIpok SRAM, Taka opraHizaiiis nam'sri
3a0e3revye 3HaYHy THYUKICTh Y JOCTYIIl IO PETiCTPIB.
3okpeMa, pericTpu-nokaxduku X, Y 1 Z MOXyTh OyTH HajaIlTOBaHI JJIs 1HJEKcaIlii

OyJIb-SIKOTO pericTpa y ¢aiii.

2.4 X-peectp, Y-peectp Ta Z-peecTp

Perictpu R26 - R31 chnyryoTh ajig AOJATKOBUX IIUIEH, OKpIM iX 3arajibHOI
KOPHUCHOCTI. 30KpeMa, 111 pericTpu (QyHKIIOHYIOTh SIK 16-po3psi/iHI MOKAKYUKH aJpEeCH
JUTSL HEMPSIMOT afipecariii y mpocTopi JaHUX.

[{i pericTpu Ha3MBaIOTBLCA PETiCTpaMH HempsAMmoi aapecu X, Y Ta Z, iX BU3HAYCHHS

JIETalIbHO OMTMCAHO HA PUCYHKY 2.5.

T 0 Addr.

RO 000
R1 0x01
R2 0x02
R13 0x0D

General R14 0x0E

Purpose R15 Ox0F

Working R16 0x10

Registers R17 0x11
R26 D1 A X-register Low Byte
R27 0x1B X-register High Byte
R28 Ox1C Y-register Low Byte
R29 Ox1D Y-register High Byte
R30 0x1E Z-register Low Byte
R31 Ox1F Z-register High Byte

Pucynok 2.4 - Kondirypariist 32 poOo4ux pericTpiB 3araibHOTO MIPU3HAYCHHS

ApkK.

KgsPKI. 20010. 20.01.01 I13 57

Bm. JApk. | Ne nokym. |ITignucPlara




3 *H XL 0

H-register 7 0f7 ] |
R27 (0x1B) R26 (O 1A)
15 ¥H YL 0
¥-register 7 7 K 0|
R23 (0x1D) R28 (0x1C)
15 ZH il 0
Z-register 7 0 7 0 ]
R31 (0x1F) R30 (0x1E)

Pucynok 2.5 - X-, Y- ta Z-perictpu

VY pi3HuX pexumax aapecauii 1 aJpecHl PEriCTpU BUKOHYIOTh Pi3HI (PYHKIIII,
BKJIIOUaOuUM (PIKCOBAHE 3MIIICHHS, aBTOMATUYHUN IHKPEMEHT Ta aBTOMAaTUYHHM

JCKPEMEHT.

2.5 Tlokax4uk CTeKy

Crek B OCHOBHOMY CIyrye njsi 30€piraHHs TUMYacOBHUX JaHUX, JIOKAJIBHUX
3MIHHHUX Ta aJipec MOBEPHEHHs MICJiA MepeprBaHb Ta BUKIUKIB Mianporpam. Baxmuso
3a3HAYMTH, 0 CTEK 3POCTAE BiJl BUIIMX JI0 HIDKYUX AUTSTHOK MaM'aTi. PericTp Bka3iBHHUKA
CTeKa IMOCTIMHO BKa3y€ Ha BEPXHIO TMO3WINIO CTEKa, BKa3ylOUW Ha 00JacTh CTEKa B
ONepaTHBHIN MaM'ATi JAHUX, J€ 3HAXOASATHCS CTEK MIANPOrpaM 1 CTEK MepepHUBaHb.
Bukonanns komanau Stack PUSH nipu3BoauTh 10 3MEHIIIEHHS BKa31BHUKA CTEKA.

[lepen BuKOHAaHHAM Oynb-KMX BHKJIMKIB MiAOporpaM abo0 aKTHUBAII€IO
nepepuBaHb MporpamMa MOBMHHA BU3HAYUTH CTEK B ONepaTUBHIN nam'ati 1anux (SRAM).
[TouarkoBe 3HAYEHHS MOKAXYMKA CTEKY BIJNOBIJIAa€ OCTAHHIN aJpeci BHYTPILIHBOT
nam'siti SRAM, 1 BOHO MOBMHHO OyTH po3TallioBaHe HaJa moyatkomM SRAM.

[Tokaxxuuk crexky AVR peanizoBaHo y BUTJIsiA1 ABOX 8-O1THUX PETICTPIB y IPOCTOPI
BBOJy/BUBOAYy. KinbkicTh OITiB, 1m0 (PAKTUYHO BUKOPUCTOBYETHCS, 3aJIEKUTH BIJl

peamizaiiii. 3ayBaxkte, IO MPOCTIp JAHUX Yy JEAKHX peamsaiiax apxitekrypu AVR
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HACTITbKM Manui, mo notpioeH mume SPL. V mpomy Bumanky perictp SPH Oyne

BIJICYTHIl.
2.6 Yac BUKOHAHHS IHCTPYKITIH

[Tpomecop AVR mnparroe mig kepyBanHsM TakToBoro reneparopa clkCPU, sikwmii
reHepyeThes 0e3mocepeIHbO 3 00PAHOTO JKepesna TaKTOBOT YaCTOTH JJISl MIKPOCXEMH.
BHyTpimHi# TOJi1 TAKTOBOI YaCTOTH HE BUKOPUCTOBYETHCA. SIK MOKa3aHO HA PUCYHKY
2.6, T'apapaceka apxiTeKTypa Ta e(QeKTHBHAa KOHIIEMIlisl perictpoBoro Qaimy
JI03BOJISIIOTH TIapajieibHO OTPUMYyBaTH Ta BHUKOHyBaTu 1HCTpykii. Lle dopmye
(dyHIaMeHTaIbHy KOHLEMIII0 KOHBEEpW3allii, COpSAMOBaHYy Ha JOCSITHEHHS 10 1
MUIbHOHA 1HCTpYKLIM Ha cekyHay (MIPS) na merarepun (MI'n). Lle mae yHikanbHi
pe3yJIbTaTH MO0 KUTBKOCTI (DYHKIIIH Ha BapPTICTh, KUIBKOCTI (PYHKIIIH Ha TAKT 1 KIIBKOCTI

GyHKIIN Ha OJUHULIIO TOTY>KHOCTI.

T T2 T3 T4
| | | |
| | | |
1 I 1 I

ok —4 4 7

CPU
1st Instruction Fetch )

15t Instruction Execute
2nd Instruction Fetch
2nd Instruction Execute
a3rd Instruction Fatch
3rd Instruction Execute
4th Instruction Fetch

S

d S

i

Pucynok 2.6 - [TapanensHa iHCTpyKIlis duOipky Ta BAKOHAHHS IHCTPYKIIIi

Ha pucynky 2.7 moka3aHO BHYTPIIIHIO KOHIIEMIIO CHUHXpOHI3auii ans daitry
perictpiB. Ilpotsarom opHoro Takty apudmeruko-moriuauii npuctpii  (ALU)
BUKOHYETBbCSA 3 JIBOMAa pETICTPOBHMH OIEpaHIaMH, a pe3yibTyloue 3HauYeHHS

30epiraeThCs Ha3aj y PEricTp NpU3HAUYCHHS.
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T1 T2 T3 T4
| | | |
| | | |
I I I I

Y N S N A N SN

CPU
Total Exscution Time

T A

Register Operands Fetch

g

ALU Operation Execute
Result Write Back

|
|
|
|
|
|
|
1
I
|
|
‘ s
|

|

Pucynok 2.7 - Onnouukiiosa podbora ALU

2.7 CkunanHs Ta 00poOKa nepepruBaHb

ApxiTektypa AVR mnpornoHye pi3Hi JKepelia NepepuBaHb, KOKHE 3 SKUX Mae
BJIACHHI MPOTpaMHUI BEKTOp y mam'ati mporpam. LM nepepuBaHHsIM, pa3oM 3 OKpEMUM
BEKTOPOM CKHJAHHA, TPUCBOIOIOTHCS OKpemi OiT go3Boiy. I1[o0 akTuByBaTH
nepepuBaHHs, 111 O1TH 103BOJTY MIOBUHHI OyTH BCTAHOBJIEHI B JIOTIYHY OJMHUIIIO Pa30oM 3
01TOM J103BOJTY TJIOOAIBHOTO MEPEPUBAHHS B PETICTPI CTaHY.

3asiexHO B1J] 3HAUEHHS JIIYWIBHUKA IPOrpaM, IEPEPUBAHHS MOKYTh aBTOMATHYHO
BIJIKJIFOYATHCS, KOJIM 3amporpamoBaHi OiTu OnokyBaHHs 3aBaHTakeHHss BLB02 abo
BLBI12.

3a 3aMOBUYBaHHSIM, HAWHUKY1 aJJpecy B KOMIPII aM'aTi IporpaM NpU3HAYat0ThCs
AK BEKTOPM CKUJAHHS Ta mepepuBaHHs. PiBHI mNpiopuTeTy pi3HUX MEpepUBaHb
BU3HAYAIOTHCSA IXHIMHU BIJMOBIIHUMU aJpecaMy, MPUYOMY HUXKYl aJpecyd O3HA4aroTh
Buiui npioputet. HaliBumuii npioputer mae RESET, 3a num cnigye INTO - 3anut Ha
30BHINIHE TIepepuBaHHs ().

[Ipy BUHUKHEHHI MepepUBaHHA, TJIOOATBLHUNA OIT [103BONY TmepepuBaHHs [
OUHUIIY€THCS, BUMHKAIOYM BCl mnepepuBaHHs. OHaK, KOpPUCTYBallbKe MpPOTpamMHe
3a0e3neueHHs] MOKe YBIMKHYTH BKJIa/IeH1 IepepruBaHHs, BCTAHOBUBIIHU [-01T Ha JOTI4YHY

OJIMHHUIIIO. Y IbOMY BUIIAAKY BCl YBIMKHEHI EPEPUBAHHSA MOXKYTh IIEPEPUBATH OTOUHY
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npoueaypy oopobku nepepuBanb. biT I BCTaHOBIIOETHCA aBTOMAaTUYHO MPU BUKOHAHHI
IHCTPYKIIii moBepHEeHHs 3 iepepuBanHs - RETI.

B AVR icuye nBa tunu nepepuBanb. [lepmmii THI BUKIMKAETHCS MOIIEO, KA
BCTAHOBJIIOE Mparnopelb nepepruBanHa. Koiv BUHUKaE Take IEpepUBaHHs, IPOrpaMHUN
JIYWIBHUK CIPSMOBYETHCS Ha BIJNOBIAHUI BEKTOp MEpPEPUBAHHA JIi BUKOHAHHS
npoiexypu 00pooku nepepuBanHs. [loTiM armapaTHe 3a0e3MeUeHHs CKUIA€ BiIMOBITHAN
nparnopenp nepepuBaHHi. KpiM Toro, mpamnopu nepepuBaHb MOXXHA OYHUCTUTH,
3aIlMCaBIIN JIOT1YHY OJIMHUIII0 y OITOBI mo3uuii mpanopis. SIKIo ymoBa nepepuBaHHs
BUHHUKA€E, KOJIM BIANOBIIHUM OIT JO3BOJy IME€pEepUBAHHS OYMIIEHO, Mparnopelb
NepepUBaHHsl BCTAHOBIIIOETHCS 1 YTPUMYETHCSA TOTH, JOKM TEpEepUBAaHHS He OyJe
JI03BOJICHO a00 Tpamopels He 0y1e CKHHYTO MPOTPaMHO. AHAJIOTIYHO, SKIIO OJHa a00
OilbIIE YMOB TNEpEpUBAHHS BUHUKAIOTh MPU CKUHYTOMY OITi Tj100aJbHOTO J03BOIY
NepepuBaHHs, BIANOBIAHI  Mpamopud  IepepuBaHHA OyAyTh  BCTAHOBJICHI 1
3araM'aTOBYBaTUMYThCSI, JIOKM He OyJe BCTaHOBJIEHO OIT TJ100anbHOTIO J103BOIIY
NepepUBaHHS, MICJIS YOTO BOHU OYyAYyTh BUKOHAHI1 3T1THO 3 MPIOPUTETOM.

Jpyruii Tun nepepuBaHb OyJe aKTHUBOBAHO IOTH, JOKH 30epiraeTbcsi ymoBa
nepepuBaHHs. L1 nepepuBaHHs MOXYTh HE MAaTH MPANOPLIB MEpEepUBaHHA. K0 yMOBa
NepepUBaHHs MPUNHUHIETHCS JO TOTO, SK TEepepuBaHHS Oy/e YBIMKHEHO, BOHO HE
CHPALIIOE.

[Ticns Buxoay 3 nepepuBanHsi, AVR 3aBxau moBepTa€ETHCS 1O OCHOBHOI IPOTPAMHU
1 BUKOHYE I1I€ OJHY 1IHCTPYKIIIIO Mepesl TUM, K 0OCTY>KUTH Oy/b-sIKE MepepruBaHHs, 110
OuUiKye Ha O0O0poOKy. BakJIMBO BiJI3HAYUTH, IO PETICTP CTaHy HE 30epiraeTbes
aBTOMATUYHO IPH BXO1 B MPOLEAYypYy NEpPEepUBaHHS 1 HE BIIHOBIIOETHCA NIPU BUXOI 3
Heil. [lum mae kepyBatu nporpama. Koy a1 BAMKHEHHS ITepepruBaHb BUKOPUCTOBYETHCS
komanaa CLI, ix Oyne HeraiiHO BUMKHeHO. JKoJIHE nepepuBaHHs HE Oyjle BUKOHAHO
micag xomaau CLI, HaBiTH fAKIIO BOHO BHHHMKAae ojHOYacHO 3 komanjoro CLI.
HactynHuii npukiazg OEeMOHCTpPYe, SIK 116 MOXHA BHUKOPUCTATH MJig 3aroOiraHHs

nepepuBaHHAM Mij yac nociigoBHocTi 3anucy 1o EEPROM 3a taiimepom.

ApkK.
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2.8 Yac peakuii Ha mepepuBaHHS

Yac peaxiiii Ha BUKOHAHHS MEPEPUBAHHS IJIs1 BCIX JO3BOJIEHUX nepepuBanb AVR
CTAHOBUTh MIHIMYM YOTHUPH TakTH. [IpOTAroM LUX YOTHUPHOX TAKTIB MPOTrpaMHUMN
JIYUIBHUK BUIITOBXYEThCA B CTeK. llicis 1bOrO BUKOHYETHCS MPOTPaAMHHUI BEKTOP
anpecu Uil (pakTHUHOI Mpoleaypu O0OpoOKHU mepepuBaHHs. SK MpaBUio, LEd BEKTOP
nepeadavae nepexi a0 miamporpaMu 00poOKH mepeprBaHHs, 110 3aiiMae TPU TaKTH.

VY BumanKy, SKIIO MEpepuBaHHS BUHHUKAE IIiJ 4yaC BHKOHAaHHSA 0araTOTaKTOBOI
THCTPYKIIi1, IHCTPYKIIIS 3aBEPIIYETHCS JI0 TOTO, SIK MIEpepUBaHHS Oyie 00CITyKEHO.

Komun MCU 3HaxoauThcsi B CIUIAYOMY PEKMMI 1 BUHHUKA€E IMEPEPUBAHHA, Yac
peaxiii Ha BUKOHAHHS MepepUBaHHA 30UIbIIYEThCS HA YOTUPH TakTy. Llei monaTtkoBuit
yac € JO0JAaTKOBUM JI0 Yacy 3amycKy 3 oOpaHoro cruisiqyoro pexkumy. IloBepHeHHs 3
nporenypu OOpoOKH TEepepHBaHHS TAKOXK 3aliMae dYOTUPH TakTy. [lpoTsrom mmx
YOTUPHOX TAKTIB MPOTPAMHUHN JTIUMIBHUK (110 CKIJIATAETHCS 3 ABOX OAUT) BUTATYETHCS 31

CTeKa, BKa31BHUK CTEKa 30UIBIIY€ETHCS Ha JIBa 1 BCTaHOBMIOEThCs [-01T B SREG.

2.9 [Tam'ste AVR

ApxiTektypa AVR oxorutoe 1Ba OCHOBHUX MPOCTOPU MaM'ATi: MaM'siTh JaHUX 1
nam'ste miporpaM. Kpim Toro, ATmega mictuth nam'ste EEPROM, npusnaueny mis
30epiranHs JgaHuX. Bci Tpu o0nacTi mam'siTi  XapaKTepU3yIOThCsA JIHIHHOIO Ta
PEryJSIPHOIO CTPYKTYPOIO.

ATmega ocHaieHO BOYJOBaHOK CHCTEMHOIO IEpernporpaMoBaHol0 (hier-
nam'sTTio 00'eMoM B 4 110 32 kinoOalT 11 30epiranHs nporpam. BpaxoByrouu, 1110 Bci
iHcTpyKI1ii AVR MaroTh mupuny 16 abo 32 61T, dheni-naM'siTb CTpYKTYpOBaHA y BUTJISA I
2, 4, 8 abo 16 kinoOaitiB mo 16 Oit. Jlns migBuiieHHs O€3MEKH MPOTPAMHOTO
3a0e3MeueHHs NMpoCTip (uemni-maM'sTi po3aUIEHUM Ha JIB1 CEKIlli: 3aBaHTa)XyBaJIbHY 1
npukiaayy. TaOauii KOHCTaHT MOXYTh OyTH PO3MOJIIJICHI B MeXaX yChbOr'O aJpEeCcHOT0
MPOCTOPY MaM'siTi Tporpam, SIK ONMHUCAHO B JokyMeHtaiii a0 iHcTpykmii LPM (Load

Program Memory).

ApkK.

KgsPKI. 20010. 20.01.01 I13 30

Bm. JApk. | Ne nokym. |ITignucPlara




Pucynox 2.10 imoctpye opranizariito mam'siti SRAM y mikpokonTposiepi ATmega.

Uepes CBOIO CKIIAJIHICTh 1 BEIMKY KUTBKICTh nepudepiitHux npuctpoiB, ATmega
nepeBuiye 64 KOMipkH, BiaBeneH! B koai onepanii ans iHcTpykuid IN 1 OUT. Orxe,
Tutbku IHCTPYKIT ST/STS/STD 1 LD/LDS/LDD MoxyTb OyTH BUKOPUCTaHI1 JJIS1 TOCTYITY
JI0 PO3IIMPEHOT0 MPOCTOPY BBOAY/BUBOY B Aiana3oHi Bij 0x60 qo OxFF B SRAM.

Hwxkus dvactmra mam'ati gaHux wmictuth 768/1280/1280/2303 komipku, 10
OXOILUTIOIOTh  PETiCTpoBUW  (aiiyi, mam'saiTh BBOIY/BUBOAY, PO3IIMPEHY IaM'Th
BBOJIy/BUBOJy Ta BHYTpimHIO nam'sth gaHux SRAM. 3okpema, meprr 32 KOMIpKH
BIIMOBIAI0TH (hailily pericTpiB, 3a HUMU UAYTh 64 KOMIPKH JjIsl CTaHJAAPTHOI MaM'aTi
BBOJY/BUBOZY, 160 KOMIpOK JUIsi pPO3MIMPEHOI IMaMm'siTi BBOAY/BUBOIY, a IOTIM

512/1024/1024/2048 koMipok Jij1si BHYTPIIHBO1 am'siTi 1anux SRAM.

Program Memory

0x0000

Application Flash Section

——

Ox7FF

Pucynok 2.8 — Kapra mam’sati ATmega 428

PosrnsnyTo n'sTh pi3HUX pexXUMIB ajpecarii 1 nam'sti nanux: [Ipsma, Henpsima
31 3MINIEHHSM, HETIPsIMa, HETpsiMa 3 TTOTIEPETHIM JEKPEMEHTOM Ta HENpsiMa 3 HACTYITHUM
IHKpeMeHTOM. Y perictpoBomy ¢aiini perictpu R26 - R31 cuyryioTe pericrpamu-

NOKa)XKUYMKaMU HENPsIMOi agpecartii.
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[Ipsima agpecartiss OXOIUTIOE BECh MPOCTIP AaHHUX, TOAlL K PEKUM HEMPSAMOI

aapecarii 31 3MIIIEHHSIM TOIIMPIOETHCS Ha 63 aapecHi KOMIPKH BiJl 0a30BOi aapecH,

HazaHoi Y- abo Z- pericTpom.

nonepeaHiM JACKPEeMEHTOM 1 IOCT-IHKPEMEHTOM,

Program Memory

Application Flash Section

——

0x0000

Boot Flash Section

OXOFFF/0x1FFF/OX3F FF

Pucynoxk 2.9 — Kapra nam’sti ATmega328

[Ipy BUKOpPHUCTaHHI PEKHUMIB PETICTPOBOI HEMPSAMOI ajapecallii 3 aBTOMAaTUYHUM

JEKPEMEHTYIOThCSL a00 THKPEMEHTYIOThCS B1JIITOBIIHO.

O3II nanux B ATmega328 nocTymHi 3a JONOMOTO0 LIUX PEXHUMIB aJipecartii.

aapecHi perictpu X, Y 1 Z

Bci 32 poGouux pericTpu 3arajbHOro Mpu3HaueHHs, 64 pericTpu BBOIY/BUBOY,

160 po3mupennx perictpiB BBoAy/BuBody 1 512/1024/1024/2048 GaliT BHYTPIITHEOTO

Joctyn 1o BHYTpimHbOi mam'sti gaHux SRAM 3aiimae aBa mukim clkCPU, sk

IIOKa3aHo Ha pUCYHKY 2.11.

ATmega ocnameno nam'artio 1annx EEPROM emnictio 256/512/512/1 Ko6aiir,

OpraHi30BaHOIO Yy BUIJISI/II OKPEMOI'O MPOCTOPY JAHUX, 1€ OKpeMi OalTH MOXKyTh OyTH

3M.

ADK.

Ne noxym. Tinmuc

Plara
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npountadi 1 3anmucadi. EEPROM wmoske moxBanuTtucst BUTpuBaiicTio mjonamMeniie 100

000 1uKITiB 3anuCy/CTUPAHHS.

Data Memory

32 Registers 0x0000 - 0x001F
64 1/0 Registers 0x0020 - 0x005F
160 Ext IO Reg. 0x0060 - 0x00FF
0x0100
Internal SRAM
(512/1024/1024/2048 x 8)
0x02FF/0x04FF/0x4FF/0x08FF

Pucynok 2.10 — Kaprta nam’ 11 1aHnX

T1 T2 T3
I I I
I I I
I I I
by T
Address | Compute Address , X Address valid
I 1 1
1 1 T —
Data T ad D ®
I I ] 2
I I 1 =
WRH 1 1 1,
i i I —
I L ; _
Data i —{ |
| 1 T g
I I I
x
RD I 1/ T,
T T 1 —
I I I
Memory Access Instruction Mext Instruction

Pucynoxk 2.11 - Iukinu qocTymy 10 BHYTPIIIHBO1 TaM'siTi JaHux SRAM

Joctyn mixxk EEPROM 1 IIII 3ab6e3mneuyeThes 3a TOMOMOIOK PETICTPIB aJApecH

EEPROM, perictpa nanux EEPROM 1 perictpa kepyBanas EEPROM.

Hoctyn npo perictpiB goctyny g0 EEPROM 3piiicHioeTbest 3  mpocTopy

BBOJ1y/BUBO/TY.

Yac goctyny no EEPROM mns 3anucy HaBeneno y Tabnui 8-2. Xoua GyHKIIS

aBTOTAMIHTY JI03BOJISIE KOPHCTYBAllbKOMY IPOrpPaMHOMY 3a0€3MEUYECHHIO BHU3HAUYaTH,
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KOJIM MOKHA 3amucyBaTh HacTynHuil Oaiit. Komm kopucTyBanpkuili KOA MICTHTD
iHeTpyKuii aiis 3anucy 10 EEPROM, cnig noTpumMyBaTrCs MEBHUX 3aO01KHUX 3aXO/I1B.
30kpema, y OlOKax >KMBICHHS 3 IHTEHCUBHOIO (inbTpariero Hampyra VCC moxe
MOBUIBHO 3pOCTaTH abo0 cHajaTH Mif 4ac yBIMKHEHHS a00 BUMKHEHHS >KUBJICHHS, 110
MPU3BOAUTL 10 POOOTH MPHUCTPOIO MPU HANPy3l, HWKYIM 32 BKa3aHUW MIHIMYM IS
BUKOPUCTOBYBAaHOI TAKTOBOI YaCTOTH.

[I{o6 3anmo6irtu HeHaBmucHoMy 3anucy EEPROM, HeoOXigHO AOTpUMYBaTHCS
CHeIiaNbHOT MPOLEAYPH 3amucy. 3BEPHITHCA JI0 omnucy perictpa kepyBanHs EEPROM
JUIS OTPUMAaHHS JIeTalibHOI 1HGOpMAITii PO IF0 MPOLETYPY.

ITix yac yutanus EEPROM mnporiecop Npu3ynuHsA€ETbCS HAa YOTUPH TaKTH TEpe
BUKOHAHHSM HACTYMHOI iHCTpyKii. | HaBmaku, mig yac 3anucy 1o EEPROM mnpouecop

IIPU3YIIMHAECTBCA Ha ABA TAKTHU IICPC BUKOHAHHAM HaCTYHHO'l' KOMaHIH.

2.10 3amo6iranss nomkoxkeHar0o EEPROM

[Ipy Hu3bKUX 3HaYeHHSIX Hanpyru >kuBieHHs naHi EEPROM moxyTe OyTH
NOIIKO/)KEHI 4epe3 HEIOCTATHIO HAIpYTry JKUBJIECHHS, HEOOXIOHY JUIsl HOPMaJIbHOI
po6otu mpouecopa i EEPROM. Li mpoGiemu mapanenbHl THM, 110 BHHUKAIOTH Y
CHUCTeMax Ha piBHI IJIaTH, siki BUKOpUCTOBYI0OTh EEPROM, 1 mis iX BupilmieHHs ciin
3aCTOCOBYBATH Ti kK cami cTpaterii nmpoektyBaHHs. [lomkomkenus ganux EEPROM
MOXX€ CTaTHCS 3a JBOX YMOB, KOJIM Hampyra HEAOCTaTHhO Hu3bKa. [lo-mepiue,
cTaHjapTHa mociigoBHicTh 3anmucy B EEPROM Bumarae MiHiMajabHOI Hampyru s
TouHOTO (yHKUIOHYBaHHS. [lo-Apyre, caM mpoiecop MoKe MOMHJIKOBO BHUKOHYBAaTH
IHCTPYKIIi, SIKIIO HAaNpyra >KUBJICHHS HIDKYe HeoOximHoro mopory. I[o6 3amobirtu
nomkokeHHIo 1annx EEPROM, pexomMeHay€eThes MiATPUMYBAaTH aKTUBHUN (HU3BKUMN )
piBenb Hanipyru AVR RESET min yac nepioiB HeA0OCTaTHHOI HANPYTH KUBJIEHHA. L{boro
MOKHA JIOCATTH, aKTUBYBABIIM BHYTPIIIHIA JETEKTOP BUMKHEHHS kuBjieHHs (BOD).
SAxumo piBeHb BUSBICHHS BHYTpIIIHbOro BOD He 30iraerbcst 3 HEOOXIIHUM pPiBHEM

BHABJICHHA, MOXHa BHKOPHCTATHU 30BHIIITHIO CXEMY 3axXuCTy BiI[ CKHIaHH HU3bKO1
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Harpyru VCC. SIkiio ckuganas Bii0OyBa€eThCS IM1T 9ac orepartii 3ammcy, oneparisi 3ammicy

OyJie 3aBepliieHa JOTH, IOKH HAIpyra KUBJICHHS BIAMOBiAa€ HEOOX1THUM BUMOTaM.

2.11 ITam'aTe

Bcei Bxomu/Buxoau Ta mepudepiiini npuctpoi B ATmega po3MilieHi B Mexax
npocTopy BBOIY/BUBOMY. JlocTynm 10 BCiX MiCllb BBOAY/BUBOAY IOJIETIIYETHCS 3a
nonomoroto iHcTpykiiit LD/LDS/LDD 1 ST/STS/STD, siki 3a0e3nedyioTh nepenady
JaHUX MK 32 poOOYMMHM pericTpaMud 3arajlbHOro TMpHU3HAYEHHS 1 MPOCTOPOM
BBOJTy/BUBOJTY.

Perictpamu BBOAYy/BHBOIY B miana3oHi aapec 0x00 - Ox1F moxHa 6e3nocepeHbo
MaHIMyJIFOBaTH Ha 01TOBOMY piBHI 3a gomomororo iHcTpykii SBI 1 CBI. Li perictpu
JI03BOJISIIOTH MEPEBIPSATH 3HAYEHHS OKpeMHux OiTiB 3a jomomororo iHCTpykuid SBIS i
SBIC. b neranbHy iHpOpMaIlito MOKHA 3HaUTH B po3aim «Habip iHCTpyKITiiny.

IIpu BukopucranHi cnenudigyaux s BBoay/BuBoay komana IN ta OUT cnia
BUKOpHUCTOBYBaTH ajpecu y aiana3oni 0x00 - 0x3F. Oxgnak, npu 3BepHEHH1 10 PETICTPIB
BBOJIy/BUBOJy SIK JIO MPOCTOPY JaHUX 3a gomomororo komana LD 1 ST, no mux aapec
HeoOX11HO noaatu 3mimeHHs 0x20.

Yepes ckmaanictb ATmega Ta BenMKy KUIbKICTh HepudepiiHuX MNPUCTPOIB,
nepudepiiiHuX NpUCTPOiB MOKE OyTH OlNIbIlIE, HI’)K MOYKHA PO3MICTUTH B 64 KOMipKax,
3ape3epBOBaHUX B onepauiiHomy kol i iHcTpykuii IN ta OUT. [{ns po3mmpeHoro
npoctopy BBOAY/BuBOY Biag 0x60 mo OxFF B SRAM MokHa BUKOPUCTOBYBATH JIMIIIE
iHeTpykuii ST/STS/STD ta LD/LDS/LDD.

Jlist 3a0e3neueHHs CyMICHOCTI 3 MaOyTHIMU TIPHUCTPOSIMU 3ape3epBOBaHi OITH
NOBUHHI OyTH OOHYJIEHI MpU 3BEPHEHHI. 3ape3epBOBaHI aipecy MaM'sTi BBOAY/BUBOLY
HIKOJIM HE IOBUHHI OyTH 3alMCaHi.

Jlesiki panopu CTaHy CKUJAIOThCS LUISIXOM 3allMCy B HUX JIOT14HO1 oguHuil. Ha

BiIMIHY Bij OunbinocTi iHmMX AVR, komanau CBI ta SBI BriMBatoTh jiviiie Ha BKa3aHUMA
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01T, 1 TOMY X MO’KHAa BUKOPHCTOBYBATH IS PETICTPIB, L0 MICTATH TaKl MParopiil CTaHy.
[{i komMaHI1 TPAIIOIOTh BUKIIOYHO 3 perictpamu B Aianaszoni Big 0x00 go 0x1F.
Perictpu kepyBaHHS BBOJJOM/BUBOJIOM Ta MEPUPEPIMHUMU TPUCTPOSIMHU JETATBHO
OIKCaHO Y HACTYITHUX PO3/ijiax.
2.12 PericTpu BBOAY/BHUBOY 3arajiIbHOTO MPU3HAYEHHSI, CHCTEMH CUHXPOHI3aIlli Ta

iX po3moin

ATmega ocHallleHO TppOMa PEriCTpaMu BBOY/BUBOJY 3araJIbHOTO PU3HAUCHHS,
Kl CIYTYIOTh YHIBEPCAJbHUMHM MICHSIMHU JJIsI 30epiraHHs pI3HUX THIIB JaHUX,
BKJIIOYAIOYH T1100aIbH1 3MiHHI Ta mpanopiii ctany. Lli perictpu, po3raioBaHi B Jiana3oHi
anpec 0x00 - Ox1F, miarpumyroTs npsMy MaHIMyJIALII0 Ha G1TOBOMY PiBHI 32 JOIOMOT'OFO
takux iHCTpYKLiH, sik SBI, CBI, SBIS i1 SBIC.

Pucynok 2.12 1110cTpy€e OCHOBHI CHCTEMH TaKTOBOI 4acTOTH B apXiTekTypi AVR
Ta iXx posmoain. Cnia 3a3HA4WTH, IO HE BCI TAKTOBI T'€HEPATOPU IOBUHHI OYyTH
aKTUBHUMM OJHOYacHO. Jlyis MiHIMi3allli €HeprocroXHWBaHHS, TAKTOBI T€HEpaTopu
MOJIyJiB, SIKI HE BUKOPHCTOBYIOTHCS, MOXYTh OyTH 3yNHUHEHI 3a JIONOMOIOI0 PI3HHUX

pC)KI/IMiB CHY. CucremMu TaKTOBHUX 4acTOT JCTAJIBbHO OIIMCAaHO HMIKYC.

2.13 TaxkroBwuii rereparop mnporecopa - clkCPU

TakToBHil curHam mporiecopa MEpelaeTbCsi HAa KOMIOHEHTH CHCTEMH, SKi
HE0oOX11H1 Jj1s1 poOoTH siapa cTadimizaTopa. Jlo HUX Hallexkath (hail1 pericTpiB 3arajibHOTO
NPU3HAYEHHS, PETICTP CTaHy Ta MaM'sTh JaHUX, 110 MICTUTh BKa31BHHUK CTEKa. 3yNMHUHKa
TAKTOBOTO TEHEpaTropa IMpolecopa IMEepemKoikae BUKOHAHHIO SIPOM 3arajibHUX
omepariii 1 oOuucieHb. TakTOBHIl TE€HEpaTop BBOJIY/BUBOAY, 3 1HIIOTO OOKY,
BUKOPHUCTOBYETHCSI OUTBIIICTIO MOJYJIB BBOJY/BUBOJY, TAKUX SIK TalMep/MiYUIbHUKH,
SPI ta USART. Kpim TOro, TakToBHii reHepaTop BBOIY/BUBOJY BHKOPHUCTOBYETHCS
MOJIyJIeM 30BHIIIHBOTO TepepuBaHHA. OJHAK, BaXJIMBO 3a3HAYUTH, IO BU3HAYCHHS
yMOB 3amycky y monym USI Bukonyerbest acuHxpoHHO, Koiu clkl/O 3ymumneHo, a

po3mizHaBanHs agpecu TWI BigOyBaeThcs y BCIX CIUITYMX PEKUMAaX. 3BEPHITH yBary, 110

ApkK.

KgsPKI. 20010. 20.01.01 I13 38

Bm. JApk. | Ne nokym. |ITignucPlara




Opu BUKOPHUCTAHHI TEpEepUBAHHS 3a pIBHEM s NPOOYIKEHHS 3 PEXKUMY
eHEepro30epekeHHsl 3aJaHUil piBeHb IMOBMHEH MIiATPUMYBATHCS NPOTATOM Hacy,
JIOCTATHBOTO JJI 3aBEPIICHHS MPOIeCy MPOOYyIKEHHS 1 CIPAlbOBYBaHHS NIEPEPUBAHHS
3a piBHeM. SIKIIO piBeHb 3HUKAE A0 3aBeplIeHHs yacy 3amycky, MCU Bce oaHO
NPOKMHEThCA, aje MepepuBaHHS He Oyzae 3reHepoBaHo. Yac 3amycKy BHU3HAYA€THCS

sano0ikamnkamu SUT 1 CKSEL.

Azynchronous Ganeral 110 Flazh and
Timer/Counter Modules ADC CRU Core RAM EEPROM

'Y

I | ' |

dh# oo

ok, AVA Clock clk,
Control Uinit

[ +

Syztam Clock
Prascalar

A + + 'Y

Sourcs clock Watchdog clock

Clock Watchdog
Muttiphsosr Oacillator

A A A A f

As=at Logic Watchdog Timer

TimanCounter Crystal Low-frequency Calibrated RC
Oscillator External Clock Oacillator Crystal Oscillator Oecillator

Pucynok 2.13 - Clock Distribution

2.14 Toguaauk daent-mam'sti - clkFLASH

TakToBuil reHepatop ¢uen-nam'ari kepye podbotoro iHTepdeiicy duen-nam'ari 1
3a3BMYall MPALIO€ IApaJeIbHO 3 TAKTOBUM I'€HEPATOPOM LEHTPAIBHOIO IPOLEcopa.
TakTOBUW TeHepaTop ACUHXPOHHOTO TaiiMepa IOJIETHIye MpsMy CHHXPOHI3AIliIo

ACMHXPOHHOTO TaliMepa/MuuibHUKA BiJ 30BHIIIHBOTO TaKTOBOTO TreHeparopa abo
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30BHINIHBOTO TaKTOBOTO Kkpuctama 32 k[ Buaminena o0nacTh TaKTOBOI YacTOTH
J03BOJISIE BUKOPHCTOBYBATH L€ TaMep/IMIYMJIBHUK SIK JYWIBHUK PEaJbHOTO Yacy,
HaBITh KOJU MpUCTpiil mepeOyBae B crsiuoMy pexkumi. ALIT ocHamennii BUALIEHOO
TaKTOBOIO 00JIaCTIO, 1[0 JO03BOJSE 3YNHUHSATH TAKTOBI TE€HEpaToOpu Ipolecopa 1
BBOJIy/BUBOJy ISl 3MEHILEHHS LIyMy, IIO0 T'€HEPYEThCA LU(DPOBUMU CXEMaMHU, THUM
caMUM IIJBUIIYIOUM TOYHICTh pe3ynbrariB neperBopenHs AL Ilpuctpiit nmpononye
pI13H1 BapiaHTH JHKEPeJl TAKTOBOI YaCTOTH, SIK1 MOKHA BUOpaTH 3a onomororo 0itiB Flash
Fuse. TaktoBuii curaan 3 oOpaHoro Jpkepesa HaAXOAUTh Ha BX1Jl T€HEpaToOpa TAKTOBUX
iMmyneciB. AVR 1 HampaBiseTbCs Ha BIAMNOBIAHI MOAYJl. 3 KOPOOKH MPUCTPIH
KoH(pirypyeTbes 3 BHYTpimHIM RC-renepatopom Ha 8,0 MI'm 1 3amporpamoBaHUM
3amo6ixxHuKOM CKDIVS, B pe3ynbrari 40ro CHCTEMHUN TAKTOBUI TeHEpaTOp MPaItoe Ha
yactoTi 1,0 MI'. Yac 3amycKky BCTaHOBIIOETHCS HA MAKCUMYM 3 YBIMKHEHUM IE€P1010M
taiiM-ayTy (CKSEL = «0010», SUT = «10», CKDIV8 = «0»). Lle HanamryBaHHs 3a
3aMOBYYBAHHSIM JO3BOJISIE KOPUCTyBayaM 3MIHIOBAaTH HAaJAIITyBaHHS JDKepesa
TaKTOBOTO Te€HepaTopa 3a JOMOMOTOK OyJb-SKOTO JIOCTYIIHOTO 1HTepdeicy
nporpamyBaHHs. KoxxHe mkepeno TakToBOro curHainy Bumarae poctataboro VCC st
3alyCKy KOJIUBaHb 1 MIHIMaJIbHOT KUTBKOCTI HUKJIIB A1l cTadimizanii. [llo0 3a6e3neuntu
noctatHiil pieeHb VCC, IpUCTpii 1HILII0€ BHYTPIIITHE CKUJAHHS 3 3aTPUMKOIO HA TailiM-
ayT (tTOUT) micnst Toro, sSIK BC1 1HIII JKEpeIa CKUJAaHHS CKUHYJIM MPUCTPii. 3aTpuMKa
(tTOUT) BuMIprOETbCA BIJI CTOPOXKOBOTO TEHEpaTopa, a KIIbKICTh HOT0 IHKIIB
Bu3HauaeThest Oitamu 3anoOibkHMKIB SUTx 1 CKSELx. OcHoBHa MeTra 3aTpUMKH -
yTpUMYBaTH CTaOLII3aTOp Yy CTaHI CKHUJIAHHS, TOKM BIH HE OTPUMAE MiHIMAJIbHO
HeoOximny Hampyry VCC. Xoua 3aTpuMKa HE KOHTPOIIOE (DaKTHUHY HAIpYTy, AyXKe
BaXUJIMBO BHOpaTH 3aTPUMKY J0BIIY, HiXK yac HapocTaHHs VCC. SIKIo 1e HeMOXKIIUBO,
PEKOMEHIYETHCSI BUKOPUCTOBYBATH BHYTPIIIHIO a00 30BHIIIHIO CXEMYy BHSBIICHHS
KopuuHeBoro kompopy. Cxema BOD 3abesneuye nocrtatHiii piBenb VCC mepen
CKHUJAHHSM 1 JI03BOJISIE BUMKHYTH 3aTPUMKY TaiiM-ayTy. He pekoMeH1yeTbcs BUMHKATH
3aTPUMKYy TalM-ayTy 0€3 BHKOPHCTAHHsS CXEMH BHUSBIECHHS KOPUYHEBOTO BUMKHEHHS.

['enepaTtop MOBUHEH KOJWBATHCS MPOTATOM MIHIMAIBHOT KUIBKOCTI ITUKJIIB, TIEPI HIXK
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TOJUHHUK OyJie BBaXKATHCS CTAaOUTbHUM. BHYTPIIIHIN TIYUIBHUK MyJIbCAlliil KOHTPOIIOE
BUXI1/IHY 9aCTOTY T€HepaTopa, MiATPUMYIOYH BHYTPIIIHE CKUAAHHS aKTHBHUM MPOTITOM
3aJ1aHO1 KITbKOCTI TakTiB. [licis 3aBepIeHHs CKUAAHHSA CKUIAETHCA, 1 IPUCTPIi MOYNHAE
BUKOHAHHS. PekoMEeHI0OBaHUH Yac 3ammycKy TeHepaTopa 3aJeKUTh BiJl THIY TaKTOBOTO
reHepaTopa: BiJ 6 IUKIIIB JJIS 30BHIMIHIX TaKTOBUX reHepatopiB Ao 32K mukmiB ais
HU3BKOYACTOTHOTO KpHUcTaia. [1ocimiIoBHICTh 3ammyCcKy AJi TOJWHHUKA BKJIIOYAE B ceOe
K 3aTPUMKY TaliM-ayTy, TaK 1 4ac 3amycKy IiJ] 4ac iHiIiaai3alii NpucTporo 31 CKUIaHHS.
Opnak mia 4dac 3amyCKy 3 PEeXUMY €Hepro3oepekeHHs ab0 BUMKHEHHS >KHBJICHHS
nependadaeThes, mo VCC 3HaXOAUTHCSI HA TOCTATHBOMY PiBHI, i BPaXOBYETHCS JIUIIIE

gac 3ammycKy.

2.16 BucHoBOK

Poznin npucBsaueHo aHanizy (yHKIIOHAJIBHUX MOXJIMBOCTEH MIKpPOKOHTpOJEpa
ATmega, skuil BUPI3HAETHCS CBOIMU HAAIMHUMHM CHCTEMaMM TaKTOBOI 4YacTOTH Ta
IMIMPOKUMHU MOKJIMBOCTSAMHU, NMPU3HAUECHUMHU JI MIABUIICHHA (DYHKIIOHAJIBHOCTI Ta
MPOJYKTUBHOCTI PI3HOMAHITHUX 3aCTOCYBaHb. KOXEH acreKkT apXITeKTypH roJNHHUKA,
Bin Flash-romunnuka, mo kepye Flash-iaTepdeiicom, 10 acHHXpOHHOTO TaiiMepa, 1110
3a0e3neuye BIJUIIK 4acy B peajbHOMY 4acl HaBiTh y CIUITYOMY PEXHUMI, JEMOHCTPYE
peTeNbHy YyBary A0 JAeTajedl Ta ONTUMI3AIil0 [JIs pPI3HUX CIEHapiiB poOOTH.
VYHiBepcallbHICTh MIKPOKOHTpOJIEpa MOIMIKUPIOETHCS 1 HA Bap1aHTHU JIKEPET CHHXPOHI3allli,
HaJIal04YM KOPUCTYBaYaM THYUYKICTh Y HaJIallITyBaHHI MapaMeTpPiB TOJIMHHKUKA BIAMOBIIHO
710 KOHKPETHUX BUMOT 10AaTKiB. KpiM Toro, BkiitoueHHs1 BOy10BaHUX 3aCO0IB 3aXUCTY,
TaKUX K 3aTpUMKa TaliM-ayTy 1 MOCHIIOBHICTh 3aIlyCKY, MIJKPECIIOE€ HOro Ha{IHHICTB,
3a0e3neuyoun CTablIbHy poOOTYy 3aBISKM KOHTPOJIO PIBHIB HANpyrud 1 CTaOLIBHOCTI
reHepaTtopa MmiJg yac npoueciB iHimiamizamii. Mikpokontponepu ATmega €
NEPEKOHIMBUM BUOOPOM, TPOIIOHYIOUYH HE TUIBKU BUCOKOTPOAYKTHUBHI MOKIIMBOCTI, ajie

1 aAanTUBHICTh JJO IIMPOKOTO CHEKTPY BOYAOBAaHUX JOJATKIB.
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3 PEAJIBALIA HNPOI'PAMHOI'O 3ABE3IIEYEHHSA CHUCTEMMU
INIATPUMKHA MYJIBTUMEIIA IS MIKPOKOHTPOJIEPHUX CUCTEM HA
BA3I ATMEGA328

3.1 Onuc nporpaMHOro 3a0e3Me4YeHHs] CUCTEMU

PosrnssHeMo cxeMy 3 TOSICHEHHSMH JIO HaBEACHOTO KOAY MPOrpaMHOTO
3a0€3MEeUYCHHS] CUCTEMHU MIATPUMKH MYJIbTUMEIia JIJIT MIKPOKOHTPOJIEPHUX CHCTEM Ha
0a3i atmega328.

Oynkiis VGAX::begin(bool enable Tone) BcTaHOBmOE HEOOXiAHI Taitmepw,
BUBOAM Ta TIEpepUBaHHsA A TeHepallii curHany VGA. BoHa BUMHKae mepepUBaHHS
TIMERO, nanamroBye 3ByKOBUM BUBIJ (KO BiH yBIMKHEHMIT), HajamToBye TIMER1
JUIS IMITyJIbCIB BEPTHKANbHOI CUHXpOHi3amii, HamamToBye TIMER2 nns immysbciB
TOPU30HTAIILHOI CHHXPOHI3aIlil Ta HAJIAIITOBY€E BUBOAM KOJbOPY. Hapemirti, BoHa BMUKae
rI100abH1 IEpEepUBaHHS.

Oynkiis VGAX::end() Bumukae TIMERO, TIMER1 1 TIMER2, ounmniatoun ixHi
perictpu kepyBanHsa. DyHkiis VGAX::clear(byte color) ymakoBye 2-0iTHE 3HAUYCHHS
KOJILOpY y OaiiT, a MOTIM 3aMoBHIOE Bech (pperiMOydep (vgaxthb) ymakoBaHUM 3HAYCHHSIM
KoJIbopy 3a gomomororo memset. Dyukimis VGAX::.copy(byte src) Komitoe BMICT
BUX1JIHOrO OaifiToBoro macuBy y dpeiiMOydep vgaxfb 3a gomomororo nmkiay while.
Oynkuis VGAX::fillrect(6aitt x, OaifT y, 6aiiT width, 6aiiT height, 6aiiT color) mamtoe
NPSIMOKYTHUK Ha JUCIUIe] NUIAXOM Mepedopy BHCOTH Ta IIMPUHU TNPSIMOKYTHHKA,
MepeBIPKU, YA TIOTOYHI KOOPJAMHATH TIKCENI HE BUXOATH 3a MEXI1 JAUCIUICS, a MOTIM
BUKJIUKY GyHKIIT putpixel () 111 BCTAaHOBJICHHS MIKCEIIS 3 BKa3aHUM KOJIbopoM. DyHKITis
VGAX::tone(unsigned int frequency) oOuucitoe 3HadeHHs 3MiHHUX afreq 1 afreq0 Ha
OCHOBI 33JJaHOi YacTOTH Il reHepallii 3BykoBoi MoayJsisnii. dyukuis VGAX::no Tone()
BUMHUKAE 3BYKOBY MOIYJIAIII0, BCTaHOBIOKOYM 3MiHHY afreq0 y 0. ®yHkiis
VGAX::delay(int msec) cTBOpIO€ 3aTpUMKY Ha BKa3aHy KUIBKICTh MUTICEKYH/]| IIISIXOM
BUKOHaHHS IuKIy 3 cepieto iHcTpykuid  NOP. IlepepuBanns VSYNC

(TIMER1_OVF vect) BignoBifae 3a CKUJaHHSA 3MIHHOI aline, BCTAaHOBJICHHSI 3MIHHOI1
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vskip, 1HKpeMEHT 3MIHHOI vtimer Ta CKHJaHHS 3MIHHOi rlinecnt s MiATOTOBKH 0
HACTYITHOTO KaJIpy.

Hwxye HaBeneHo neTanbHI TOSICHEHHS 10 HagaHoro koay 6i6miotexku VGAX:

1. 3amyck 6i6miotekn VGAX € Ttoukorw Bxonay st 6i0miorekn VGAX, 3 skoi
MOYMHAIOTHCS MPOIECH 1HIIIaTi3allii Ta HaJaIllTyBaHHS.

2. Initialize VGAX npezcrasise coboro iHiniamizauio 6i6mioteku VGAX. Bona
BCTAHOBIIIOE HEOOXiaH1 KoHiryparlii, 30kpema koHdiryparito TIMERO, TIMERI1 i
TIMER?2, ininianizamito MmacuBy ¢peitmOydepiB vgaxtb Ta iHimiani3amnito BEpTUKAIbHOTO
Taiimepa vtimer.

3. VGAX wmictuth pizHOMaHITHI (yHKINI, 1m0 HagaroThes 0i6mioTekoro VGAX,
30KpeMa:

- putpixel(x, y, color): BCTaHOBIIIOE KOJIP MIKCEJIs 32 BKa3aHUMU KOOPJUHATAMH Y
oydepi kaapis.

- getpixel(X, y): oTpuMye KOJip TIKCeNs 3a BKa3aHUMH KOOpAMHATAMHU 3
bperimOydepa.

- putpixeld(bx, y, fourpixels): BCTaHOBIIOE€ KOJBOPHU YOTUPHOX TIKCEIIB 3a
BKa3aHUMHU KOOpJMHATaMu OaiiTa Ta psjka y ¢ppeimMoydepi.

- getpixel4(bx, y): oTpuMye 3Ha4€HHS KOJIbOPIB YOTUPHOX IMIKCENIB 3a BKa3aHUMU
0alTOBUMH Ta PSAIKOBUMH KOOpAMHATAMH 3 GpeitmOydepa.

- clear(color): 3adap6oBye Bech PpperimOydep BKkazaHUM KOJTLOPOM.

- copy(Src): KOIIoE BMICT MacuBy src 10 ¢ppeimOydepa.

- bitblit(src, swidth, height, dx, dy, color): Bukpecmioe (komito€) BUXITHE
300paxkeHHs y pperimMOydep 3 miATPUMKOIO TTPO30POCTi.

- blit(src, swidth, height, dx, dy): Bukpecntoe (kormitoe) BUXiHE 300paKEHHS Y
bperimOydep 6e3 mATPUMKH MPO30POCTI.

- blit[n]aligned(src, height, dbx, dy): Bukpecnroe (komitoe) BUXigHEe 300paKeHHs
10 Oydepa Kaapy 3 BUPIBHIHUMU 3a 0aliTaMy KOOpIUHATAMH MTPU3HAYCHHS.

- fillrect(x, y, width, height, color): mamoe 3adapOoBanuii TPIMOKYTHHUK Y

bpeitmOydepi 3a1aHIM KOJIBOPOM.
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- print(fnt, glyphscount, fntheight, hspace, vspace, str, dx, dy, color): npykye psaok
TEKCTYy Y (ppeiimOydepi 3 BAKOPUCTAHHSIM HAJaHOTO BU3HAUCHHS IIPUPTY.

4. Timing MICTUTh (yHKIII, MOB'I3aHI 3 CHHXPOHI3ALIEI0, IO HAAAIOTHCS
616motexoro VGAX, 30kpema:

- delay(msec): mnpusynuHsi€ BUKOHAHHS MpOrpaMd Ha BKa3aHy KIJIbKICTb
MIJTICEKYH]I.

- millis(): moBepTae KUIBKICTh MUIICEKYH[, II0 MHHYJM 3 MOMEHTY 3aIlyCKy
016710TEKN VZax.

- micros(): moBepTae KUIbKICTh MIKPOCEKYHJI, 110 MUHYJU 3 MOMEHTY 3aIlyCKY
010J110TeKH Vgax.

- tone(frequency): reHepye TOH 13 3aJ1aHOI0 YaCTOTOIO.

- notone(): 3ynUHSE FeHepalio TOHY.

Bin imrocTpye B3a€MO3B'S3KM Ta B3a€EMOMAII0 MDK PI3HUMH KOMIIOHEHTaMH
010miorekn VGAX, Hajaroud BHYEpHHE YSABICHHS Npo 11 (QYHKIIOHAIBHICTH Ta
CTPYKTYPY.

HaBenenuit xox BusHauae ytumitHuil kimac VGAXUtils, skuil MICTUTH pi3HI
MeToau sl MmantoBaHHs Tpadiku Ha VGA-nuciuiei 3 BUKOPUCTaHHSAM O10J110TEKH
VGAX. Knac BkJIt0ya€ HaCTYIHI KIFOYOB1 KOMIIOHEHTH:

1. meTon draw_line peanizye TiHIAHAN aNTOPUTM JJISI MAJTIOBAHHS JIHIT M1’ IBOMa
TOYKaMU Ha ekpaHi. BiH 00po0iisie ik rOpU30HTANIbHI, TaK 1 BEPTUKAJIbHI JIIHI1, @ TAKOXK
niaroHanbHi JiHil. bedneuyna Bepcis metony draw line safe Takoxx BUKOHYe 0Opi3aHHS
eKpaHy, o0 rapaHTyBaTH, 110 JiHig Oy/ie HaMallbOBaHA B MEKax €KpaHy.

2. meron draw circlen manioe Ha ekpaHi KOJO, 3 HEOOOB'S3KOBUM KOJHOPOM
3anuBKU. BiH BuKopucTtoBye MoaudikoBaHy Bepcito anroputmy Midpoint circle mns
00uHMCIIEHHS TOYOK KoJja Ta ix MantoBaHHs. Bepcist draw_circle safe Bukonye oOpi3aHHs
eKpaHy, 11100 rapaHTyBaTH, 110 KOJIO Oyjie HaMaJbOBaHE B MEXaX €KpaHy.

3. Meton draw_rect Mallto€e MPSMOKYTHHK Ha €KpaHi, 3 HE0OOB'SI3KOBUM KOJILOPOM

3anuBKkU. BiH BukopuctoBye Meron draw line st MadrOBaHHS YOTUPHOX CTOPIH
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npsiMoKyTHUKa. Bepcist draw_rect safe BukoHye oOpi3aHHsS ekpaHy, U100 rapaHTyBaTH,
110 MPSIMOKYTHUK Oy/ie HAMAJIbOBAHO Yy MEXKax €KpaHy.

4. Meroan draw_row Ta draw_row_safe Mamiol0Th Ha €KpaHi TOPU3OHTAIBHY
JiHio 3 TmiKceniB. Bepcis draw row_safe BUKoHye BiICiKaHHS €KpaHy, 11100 rapaHTyBaTH,
110 JIiHis OyJie HaMabOBaHA B MEXaX €KpaHy.

5. metoau draw_column ta draw_column_safe maniol0Th Ha eKpaHi BEpTHKAIbHY
JiHiro 3 mikcenmB. Bepcis draw column_safe BukoHye oOpizaHHs ekpaHy, 1100 JIiHIS HE
BUXOJIMJIA 32 MEXKI1 CKpaHy.

6. putpixel safe - momoMi>KHUIM METOM, KUK OE3MEUHO MAJIFOE OJMH IIKCEIh Ha
€KpaHi, BAKOHYIOYH 00pi3aHHs €KpaHy, 11100 MepEeKOHATHCS, 10 MIKCEIb 3HAXOUTHCS B
MeXKax eKpaHy.

biok-cxema Hamae pgeTagpbHE NPEACTaBICHHS JIOTIKM Ta (PYHKIIIOHAIBHOCTI
KOXXHOTO 3 IUX METOJIB, BKIIOUAIOUM MEXaHI3MH OOpI3aHHS €KpaHy Ta OOpOOKH
nomuiok. [ligrpadu 1 KOKHOTO METOTY YITKO UTIOCTPYIOTh MOKPOKOBE BUKOHAHHS
KOJTy, 1110 TIOJIETTIIY€ KOPUCTYBau€Bl pO3YMIHHS OCHOBHOI JIOT1KU Ta peaizarlii.

3aranoMm, Ko Hajae HaOlp yTWITapHUX (PYyHKIIN, K1 MOXXHA BUKOPUCTOBYBATH
JUI. CTBOPEHHsS pi3HOMaHITHOI rpadiku Tta ¢iryp Ha VGA-guciiei 3a J10MoMOTO0
010moTeku VGAX. besneuni Bepcii METOMIB TapaHTYIOTh, 110 OMNEpallii MaJlOBaAHHS
BUKOHYIOTHCSI B MEXaX €KpaHy, 3ano0iratoyu OyAb-IKUM MOMUIIKAaM, 110 BUXOJATH 3a
MeXI1 eKpaHy, a00 HEOUiKyBaH1i MOBEAIHIII.

Huxde HaBeneHo AeTanbHE MOSICHEHHSI HAJAHOTO KOy Ta 0yok-cxemy Mermaid,
110 BijoOpaxkae ioro joriky:IloscHeHHs Koay:

1. ®dynkiis bitblit BianoBigae 3a BUBEACHHSI PaCTPOBOTO 300paK€HHSI Ha €KpaH.
Bona oTpumye HacTynHi1 mapaMeTpu:

- SrC: BKa31BHUK Ha BUXI1/IHI paCTPOBI JIaHi.

- swidth: mmpuHa BUX1THOTO pacTPOBOTO 300paKEHHSI.

- height: BucoTa BUX1IHOTO PacTpOBOTO 300pa’KEHHS.

- dx: x-KoopaMHATa MiCLIsl PU3HAYEHHS HA €KPaHi.

- dy: y-koopauHaTa Miciisi MpU3HAYCHHS Ha TUCTIIET.
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- color: komip, sikuit OyJie BAKOPUCTAHO I B1IOOpaKeHHS IMIKCEJTiB.

2. OyHKIIis 1HIIaTI3y€e BKa31BHUK Ha JaH1 BUX1JHOTO PacTPOBOIO 300pakeHHs, a
NOTIM BXOJIUTH Y LIUKJI, SIKUM Tiepedrpae psaaIKku BUXIAHOTO PACTPOBOIO 300paxeHHS.

3. JIJ1st KO)KHOTO psiiKa PYHKIIIS 3UUTY€E OAUT 3 BUX1THOT'O paCTPOBOTO 300pakKeHHS
1 00po0JIsiE MOTO Y /1Bl YaCTUHMU:

- First Nibble (Higher 4 Bits): ¢ynkuis nepeipsie, uu koopauHata X MOTOYHOTO
MIKCEJS 3HaXOAUThCA B MEXax IUPUHU JUCILIES, 1 YA BCTAHOBJICHO BIJIOBIIHUM OIT Y
BUX1THOMY OaiiTi. SIkio oOuABI yMOBH ICTUHHI, BOHA BUKJIMKA€E (PYHKIIO putpixel mis
B1IOOpakKEHHS IMIKCEJIs Ha €KpaHi.

- Second Nibble (Lower 4 Bits): dyHKIIS BUKOHYE aHAJOTIYHMM TpoIeC s
HACTYMHUX 4 MIKCEJIB y TOTOYHOMY PSIKY.

4. Ilicnsa oO6poOKHU MOTOYHOTO psiiKa PYHKIIIS MEPEXOAUTh 10 HACTYITHOTO PsIKa,
30LTBIIYIOYH KOOPAUHATY Y Ta BKa31BHUK BUXIJHOTO PACTPOBOIO 300paKEHHS.

5. Ilukn mpoaOBXKYETHCS IO THX Mip, IOKKM HE Oyne oOpoOJeHO 1 BUBEICHO Ha
eKpaH BCE BHUXIiJHE pPacTpOBE 300paskeHHH.

brok-cxema Hamae neTanbHE YSBICHHS MPO JIOTIKY Ta XiJ pobotu koxy. Bona
BKJIIOUA€ HACTYIHI KJIFOYOBI KOMIIOHEHTH:

1. OcHoBHa (yHkItis bitblit, sika € TOYKOIO BXOIy B KO/I.

2. Iliarpadu mist 0OpoOKH MEPIIOro Ta APYTOro BiPI3KIB BUXIAHOTO OaiTa, sKi
BIJIMOBIAIOTH 33 PEHAECPUHT OKPEMUX ITIKCEIIB.

3. JlerambHi TOSICHEHHS [JI1 KOKHOTO KPOKYy B KOJi, BKIIOYAIOYH METY,
(GyYHKIIIOHATBHICTD 1 OY/1b-K1 BIAMOBIHI YMOBU a00 MEPEBIPKH.

4. Tlotik KepyBaHHSI MK TOJIOBHOIO (yHKIII€I0 Ta miarpadaMu, a TaKoX IMOTIK
BcepenuHi marpadis.

[Is xomIUIeKCHa OJIOK-CXeMa TMOBHMHHA JOTMIOMOTTH KOPHCTYBAau€Bi 3pO3yMITH
CTPYKTYpYy KOJy, JOTIKYy Ta OCHOBHY (pyHKLiOHaNbHICTh (pyHKIIT bitblit. Ock neranpHa
omok-cxema Mermaid 3 mosicHeHHsSMH TSI HajmaHoro koxy Ha C++:Hamanwmii kon
ckianaerbes 3 ABox GyHkmi. dynkiis VGAX::blit(byte src, byte swidth, byte height,

char dx, char dy) BignmoBimae 3a po30UTTA (KOMiIOBAaHHS) BUXIJHOTO 300pa)KCHHS y
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bpeitmOypep VGAX. CrnouaTky BOHa iHIimMiami3ye HEOOXiTHI 3MiHHI, Takl SK BHCOTa
JUKepenia, BKa31BHUK psiJiKa JpKepelia Ta po3Mip psjika jpkepena. [1oTiM nepeBipserbes, uu
omepariisi blit MOBHICTIO BIHUCYETHCS Y MEXKI €KpaHa, YM YaCTKOBO 0Opi3aeThCs. SIKIIO
BUTHUCHEHHSI TIOBHICTIO B MeEXaX €KpaHa, BUKOHYEThCS OIEpallisi BUTHCHEHHS Oe3
00pi3aHHsI, sIKa MOBTOPIOETHCSA JIJIsi KOKHOTO psJiKa JHKEpesia 1 BCTAHOBIIIOE BIJIIOBIIHI
nikceni y gpeiimOydepi. SAkmo OaumMaHHS 4acTKOBO 0Opi3aHO, BUKOHYETHCS OIEpallis
o0pizaHoro OJMMaHHSA, TMEPEBIPAIOYM KOOPAWMHATH  IMKCEJIB MPU3HAYCHHS 1
BCTAHOBJIIOIOYH BIAMOBIIHI MiKceNl y Oydepi kaapy.

Oynkiis VGAX::blitwmask(byte src, byte mask, byte swidth, byte height, char dx,
char dy) BiamoBijgae 3a HaKJIaJIeHHS BUX1AHOTO 300pakeHHs Ha ¢peiiMOydhep VGAX 3a
nornomororo Mackd. Crodatky BOHa IHILIAJI3ye HEOOXIOHI 3MiHHI, Taki SIK BHCOTa
JKepena, BKa3iBHUK psjiKa JHKepesia, BKa3iBHUK psJika Macku Ta po3Mmip psaka. [lotim
BUKOHYETHLCS OTIepallisi BATHPAHHS 32 MacKOI0, iTepallis Mo KOXKHOMY PSAKY JDKepena 1
BUKOPUCTAaHHS MAacKH JJIsl BUKOHAaHHS omepaiii ButupanHs [+ABO s BcTaHOBICHHS
nikceniB gppertmoydepa.

bnok-cxema getanbHO BioOpaxkae JIOTIKY Ta XiJl BUKOHAHHS IIUX JBOX (PyHKIIIH 3
NOSICHEHHSIMA JJISI KOXKHOTO KPOKY, TOUYKM MPUUHATTA PIIMICHHS Ta KIHOYOBOTO
koMrioHeHTa. [ligrpadu 4iTko po3MeKOBYIOTh (DYHKIIIOHAJIBHICTh KOXKHOI (PYHKII, a
aHoTaIlii BcepeauHi marpadiB MOSICHIOIOTh TPU3HAYEHHS Ta TIOBEAIHKY Koy, Hamanuit
kon mictuTh 181 (yHkii, VGAX::blit4aligned Ta VGAX::blit4, sixi BiANOBIAAIOTH 32
po30utTs (KomitoBaHHA) 4-01TOBUX 300pakeHb 3 BUXiAHOTO Oydepa 1o Oydepa kaapy
VGAX. VGAX::blit4aligned BUKOpUCTOBYETHCS 1711 PO3MUTTS 4-01TOBOTO BUPIBHSHOTO
300pakeHHs1, TOOTO J1aHi 300pa’KeHHSI BJK€ BUPIBHSHO 10 MexX OaiiTa. Bona iHimianmizye
BKa31BHUKU JKEpesia 1 MPU3HAYEHHS, a TOTIM BXOJUTh y ITUKJ, SIKUWA MOBTOPIOETHCS
yepes psanku 300paxeHHs. Ha koxHii iTepallii BiH 3uuTye OalT 3 Oydepa mxepena 3a
nonomoror (GyHkmii pgm read byte() 1 3amucye #oro 0e3mocepenHbO y BIAMOBIIHE
micue y Oydept kaapy VGAX. Bka3iBHUK MpU3HAYeHHsS 30UIBLIYEThCS Ha
VGAX BWIDTH pans nepexoay no HactynHoro psjaka y Oydepi kaapy. VGAX::blit4

BUKOPUCTOBYETHCS ISl BUPIBHIOBaHHS 4-01TOBOro 300pa’keHHS, O0OpoOJsitoun pi3Hi
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clieHapii BUpIBHIOBaHHSA Ta BiJicikaHHs. CrioyaTKy BOHA iHiIllalli3y€e BKa31BHUKH JKepesa
1 IpU3HAYCHHS Ha OCHOBI HajaHuX dx (koopauHarta npusHadeHHA X) 1 dy (koopauHarta
npusHadeHHs y). [1oTim nepeBipsieTbes BepTUKaIbHE 00pi3aHHsl, 100 MePEeKOHATUCS, 1110
300pakeHHsI HEe BUXOJUTh 3a Mexi Oydepa kaapy VGAX. Skio 300pakeHHsT 4aCTKOBO
a00 MOBHICTIO BUXOAUTH 32 BEPTUKAIBHI MEXK1, (YHKIIIS BIAMOBITHO KOPUTYE BKa31BHUK
JoKepenia 1 BUCoTy. Jlami mepeBipseThes TOpu30HTAIbHE 00pi3aHHs, MO0 MePEeKOHATHUCS,
0 300paXeHHsI HE BUXOAHUTH 3a Mexl Oydepa kaapy VGAX. Akmo 300pakeHHs
4aCTKOBO 200 MOBHICTIO BUXOAUTD 32 TOPU3OHTANIbHI MeX1, QYHKI[IS B1AMIOBIAHIUM YHHOM
KOpUTY€ BKa3iBHUK [MPU3HAYEHHA. 3aJ€KHO Bl CTYNEHS TOPU30HTAIBLHOTO
BupiBHtoBaHHs (0, 1, 2 abGo 3 mikceni) (QyHKIA BHUKIMKAE PIi3HI MPOLETYyPH
BUPIBHIOBaHHS JJIs1 0OpOOKHM 4aCTKOBO 200 MOBHICTIO BUPIBHSAHUX MiKcelniB. [Ipouenypu
Blit UnalignedLeft 1 BlitUnalignedRight 06po06mastoTe Bumagku, KoJu 300pa)KeHHS
YaCTKOBO BUXOJHTH 32 MEX1 JIIBOTO a00 mpaBoro 60ky Oydepa kanapy VGAX BIAMOBITHO.
Bonu BuKOHYIOTH chieliajbHI omepaiii 3 BHPIBHIOBAHHS Al OOpPOOKM YaCTKOBHUX
nikceniB. [Ipouenypa BlitAligned oGpoOisie BUNAmoOK, KOJIM 300pakeHHS TMOBHICTIO
3HAaXOJUTHCS y TOPU3OHTANBHUX Mexax Oydepa kaapy VGAX. Bona Bukonye
BIJIMOBIHY OIepallif0 BUPIBHIOBAHHS 3aJI€KHO BiJl CTYIEHS BUPIBHIOBaHHS. biiok-cxema
HaJla€ JIeTaJIbHE Bi3yajbHE MPEACTABJIEHHS JOTIKM 1 MOTOKY HHUX JBOX (YHKIIHA 3
MOSICHEHHSIMU I KOKHOTO KITFOUOBOTO KPOKY 1 TOUKH MPUHHATTS pimeHHs. [linrpadu
st VGAX::blit4aligned 1 VGAX::blit4 diTko 1U1IOCTPYIOTh PYHKIIOHANBHICTH KOXHOI
byHKII1, BKIIOYaroun 00poOKy BUPIBHIOBAHHS, BIJICIKaHHS 1 pi3Hi omnepaiiii blit.

Hananwuit kog MicTUTh TpU QYHKIIII:

1. ®yukmis VGAX::blit8aligned(6aiiT src, Oaiir height, Gaiit dbx, Oaiit dy)
BIJIMIOBIJIa€ 3a BUPIBHIOBaHHS (KOIMIIOBaHHS) 8-01TOBOTO BHUPIBHSHOTO 300pa)KEHHS Y
Bi1eoOy(dep. BoHa oTpumye BKa3iBHMK Ha BUXIJHE 300pa’K€HHS, BUCOTY BHXIJTHOTO
300paXkeHHSs, X-KOOPANHATY MICIS IPU3HAUYCHHS Ta Y-KOOPAUHATY MICIS IPU3HAUEHHS.
®OyHKIis iTepaliiHo epedrpae BUCOTY BUXIAHOTO 300pa)K€HHS 1 KOTIIOE JaH1 MIKCEiB

y BIZINOBIAHE Miclie y (pperimOydepi.
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2. Oynkuis VGAX::blit8(byte src, byte height, char dx, char dy) Bignosimae 3a
omityBaHHs (KOIirOBaHHS) 8-01TOBOr0 300pakeHHs y BijeoOydep, oOpobiisioun pi3Hi
cieHapii oOpi3aHHS Ta BUpPIBHIOBaHHA. BoHa oOTpuMye BKa3iBHUK Ha BHUXIJHE
300pakeHHsI, BUCOTY BUXIJIHOTO 300pa’KE€HHS, X-KOOPJAUHATY MICISl MPU3HAYECHHS Ta Y-
KOOpAMHATY Miclsg npu3HadeHHd. CrnodaTtky GyHKIS TepeBipse BEpTUKAJIbHE
oOpi3aHHs1, KOPUTYIOUM BKa31BHUK JDKEpena 1 BUCOTY, SIKIIO 300pakKeHHsI YaCTKOBO a0o
MOBHICTIO BUXOAUTH 3a Mexi ¢peiimOydepa. [loTiM BoHa mepeBipsie TOPU3OHTAIILHE
o0pi3aHHs, 00POOIISIOYH BUMAAKHU, KOJIM 300payKEHHS YaCTKOBO a00 MOBHICTIO BUXOUTh
3a Mexi ¢ppeitmOydepa. Haperri, pyHKIiis nepedupae BUCOTY BUX1THOTO 300paKeHHS 1
KOITIIO€ JIaH1 MmikceniB 10 pperimOydepa, 06po0asitoun pi3Hi clieHapii BUPIBHIOBAHHS.

3. @ynkiis VGAX::blit8wmask(byte src, byte mask, byte height, char dx, char dy)
BiAMOBIAae 3a OJiTyBaHHS (KOMirOBaHHS) 8-01TOBOro 300pakeHHS Y BiJcOKamp,
BUKOPHUCTOBYIOUM MAacKy JUisi BHUOIPKOBOIO OHOBJEHHsS TikceniB. Bona oTpumye
BKa3IBHUK Ha BUXIJAHE 300pakKeHHS, BKA3IBHUK Ha MAacKy, BHCOTY BHXITHOTO
300pakeHHsI, X-KOOPJIMHATY MICIISI IPU3HAYEHHS Ta Y-KOOPAUHATY MICISl IPU3HAYEHHS.
Crnouatky (QyHKIIs NIepeBipsie BEpTUKaJIbHE 00pi3aHHs, KOPUTYIOUH JIXKEPENIO, MACKY 1
BHUCOTY, SIKIIIO 300pa)K€HHSI YaCTKOBO a00 IMOBHICTIO BUXOJIUTH 3a MeXi (PppeitmOydepa.
[ToTiMm BOHa mepeBipsie TOPU3OHTAJIbHE OOpi3aHHSA, OOPOOJSIIOYM BHUMNAAKH, KOJIHU
300pakKeHHS] YaCTKOBO a00 TOBHICTIO BUXOIWUTHh 3a Mexi (perimOydepa. Hapemrri,
byHK1Is iTepalliiiHo nepedupae BUCOTY BUXITHOTO 300paKeHHS 1 KOIIIOE JaH1 MIKCENiB
y ¢peitmOydep, BUKOPUCTOBYIOYM MAcKy JJii BHOIPKOBOTO OHOBJICHHS TMIKCENIB 1
00poOsitoun pi3HI clieHapii BupiBHIOBaHHs. HaBenena Buie OJIOK-cXema J€TalbHO
B1JI0Opakae JIOTIKY 1 CTPYKTYpy LMX Tpbox QyHKIINA. KoxkHa QyHKIIIA 1HKANCyJIbOBaHa B
niarpad, a MOTIK 1 MOSCHEHHsI 711 KJIIFOYOBUX KOMITOHEHTIB BKJIIOYEHI B Jiarpamy. Ha
JiarpaMi MOKa3aHO PI3HI KPOKH, MOB'si3aHi 3 omepaiisiMu blit, Taki K 1HIIiami3amnis
BKa31BHUKIB, 0OpoOKa BEPTHUKAIHLHOTO Ta TOPU3OHTAILHOTO OOpI3aHHS, ITeparlisi o
BUX1JTHOMY 300paK€HH0, KOTIIFOBaHHS MIKCENTIB Ta OHOBJICHHS BKa31BHUKA MTPU3HAYEHHS.
[TosicHeHHs1, HajaHi s KOXKHOTO KPOKY, JOMOMAaraloTh 3pO3yMITH MPU3HAYCHHS Ta

GyHKIIOHATBHICTH KOMTy. 3arajioM, OJIOK-CXeMa HaJla€ MOBHE Bi3yajbHE MPEACTABICHHS
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JOTIKA Ta CTPYKTypH KOIy, IO TMOJETHIye KOPHUCTyBaueBl pPO3YMIHHS OCHOBHOI
dbyukiionansHocTi 010mi0Tekn VGAX. Ha O6rok-cxemi mnpeacraBieHo 010J10TeKy
ExampleLibrary, sxa Hagae HaGip kiaciB Ta yTwiT g pobotu 3 VGA-aucmiesmu.
OCHOBHUMHU KOMITOHEHTaMH 010J110TE€KH €

- Kimac VGAX: nanae metoau it kepyBaHHsl VGA -qucIiieeM, Takl sk MaJTFOBaHHS
MIKCEeJIiB, BAMKHECHHSI 300paXCHHS Ta OYHUITIICHHS EKpaHy.

- Knac vgaxutils: Hagae ytunitu, 30kpema npyk Ha VGA-quciuiei, kepyBaHHS
3aTpUMKaMU Ta TeHEepyBaHHS TOHIB.

- I'moGanbH1 3MiHHI: OrOJIONIYE Ta IHIIIANI3ye Tr00albHI 3MiHHI, IO
BUKOPHUCTOBYIOThCS Y Oi0mioTeli, Taki sk ek3eMiuiipy VGAX Ta vtimer, a Takox pi3Hi
KOHCTaHTH.

3. Kitac VGAX MicTHTB METOIM JJI4 1HIIIan3amli Ta BAMKHEHHS VGA-nucmesd, a
TaKOX IIUPOKUNA CIEKTP PYHKIIHM ISl MAHIITYJIALINA 3 TUCIUICEM, Cepel SIKUX:

- putpixel() Ta getpixel(): BCTAHOBIIOIOTH Ta OTPUMYIOThH KOJIIp OKPEMHUX MIKCENIB.

- putpixel4() ta getpixel4(): BCTaHOBIIOIOTH Ta OTPUMYIOTH KOJIp 4 TIKCENIB 3a pa3.

- clear(): ounmae yBech VGA-aucmield BKa3aHUM KOJILOPOM (hoHYy.

- copy(): Komiroe BmicT ognoro VGA-Oydepa 10 1HIIOTO.

- bitblit(), blit(), blit4(), blit8(), blitwmask(), blit8wmask(), blit4aligned() 1
blit8aligned(): BUKOHYIOTH pI3HOMaHITHI omepalii 3 OITOBUM KOIIIOBAaHHSIM JaHUX
300paxeHHs 3 Oydepa-mxepena 10 Oydepa-npuiimaya.

- fillrect(): 3apap6oBye npsmokyTHy 00nactb VGA-qucmiies 3aJaHuM KOJIbOPOM.

4. Knac VGAXUtils namae ciyx00B1 (hyHKITT, 30Kpema:

- printPROGMEM() Ta printSRAM(): BuBomats BmicT O0ydhepie PROGMEM Ta
SRAM na VGA-aucnei.

- delay(), millis() Ta micros(): KepyrOTh (PYHKIIISIMHU, TIOB'I3aHUMH 3 TAUMIHTOM.

- tone() 1 noTone(): reHepyOTh 1 BUMHKAIOTh 3BYKOBI CHUTHAJIM HA BKA3aHOMY
BUBO/II.

5. Pozain Global Variables inimianizye ekzemmisipy VGAX ta VTimer, a Takox

pi3HI KOHCTaHTH, MOB's13aH1 3 po3MipaMu Ta po3Mipom VGA-auces.

ApkK.

KgsPKI. 20010. 20.01.01 I13 50

Bm. JApk. | Ne nokym. |ITignucPlara




6. 3aranpauii notik ExampleLibrary nounnaeTtscs 3 iHimiamizamii 610110TekH, ska
BCTAHOBIIIOE HEOOX1IH1 KOMIIOHEHTH Ta ri100anbH1 3MiHHIL. [1icis 1iboro 010110TEKa MOXKE
OyTu BUKOpHCTaHa /i B3aeMoAil 3 VGA-IUCIIIICEM Ta BAKOPUCTAHHS HATAHUX yTHIIIT.

3BepHITh YyBary, IO 11 OJOK-CXeMa HE MICTUTh JKOJHHMX IMKJIIB abo
CaMOIIOCHJIaHb, BIMOBIAHO JI0 HAJIaHUX BKa31BOK.

[Tinrpad VGAXLibrary:

- [Touarok: Touka Bxoxay 110 616motexkn VGAX.

- initialize: BcTaHOBIEHHS HEOOX1THUX BUBOJIB Ta KOH(ITYpaIliid Jyisl BUBOAY Vga.

- setresolution: BM3HAYMTH BIAMOBIAHY PO3AUIBHY 3/IaTHICTH HAa OCHOBI MOJIEII
matu Arduino (UNO a6o MEGA).

- UNOResolution - iie HanamtyBanas VGA Buxony Ha 120x60px 2bpp Ha Arduino
UNO.

- MEGAResolution - e nanamryBanas VGA Buxomxy Ha 120x240px 2bpp Ha
Arduino MEGA.

- SetupVGASignal renepye HeoOXxigHi curHamu cuHXpoH3amii VGA
(ropu3oHTAJIbHA Ta BEPTUKAJIbHA CHHXPOHI3AITis) 111 00paHOil PO3AUTBHOI 3/IaTHOCTI.

- SetupColorBuffer Buaiisie Ta iHimianizye Oydep nam'sti asa 30epiraHts JaHUX
PO MIKCEJII.

- End o3nauae, mo Oi6moreka VGAX ycHimHO iHiIiani3oBaHa 1 roToBa J0
BUKOPHCTaHHS.

2. Miagrpadp VGAXUsage:

- UseVGAX: B3aemonisitu 3 610motexoro VGAX s BuBeeHHs BMICTY Ha VGA-
BUXI1/I.

- UpdateColorBuffer 3miHtoe nani mikceniB y KojipHomy Oydepi ans 3MiHH
300paKe€HHs, 1110 BUBOJIUTHCS Ha €KPaH.

- RefreshVGAOutput 3amyckae renepamito VGA-curHamy [jisi OHOBJIEHHS
300pakeHHS HOBUMU ITIKCEIbHUMH JTAHUMHU.

3. Iliarpad VGAXLibrary Hamae HeoOXiJIHY (PYHKIIOHAJIBHICTH JJIsi B3a€MOJIIT
nigrpadpa VGAXUsage 3 616morekoro VGAX.
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Ha Onok-cxemi moka3zaHo 1HILIaji3alil0 Ta BUKOpUCTaHHA Oi0mioreku VGAX.
bibmoreka HanamroBye reHeparitito VGA-curnany ta 6ydep KojabopiB Ha OCHOBI MOJIEI
mwiati Arduino (UNO a6o MEGA). Bukopucrtanus 0i01ioTexu nepeadoadae OHOBICHHS
KoJiipHOTO OY(depy Ta oHoBieHHS VGA-BUXOY JIJIs BIIOOpaKeHHs Oa)KaHOTO KOHTEHTY.

Hananwuit xox € yactunorw 616miorekn VGAX, sika BIANOBIIA€E 32 BiOOpaKEHHS
Tekcty Ha nucruiei. Kon Bkitouae aBi ocHoBHI (yHKIT: printPROGMEM 1 printSRAM,
K1 0OpOOJISIOTh JPYK PAIKiB, 10 30epiratotbess Yy PROGMEM (mam'ate mporpam) i
SRAM (cratnyHa mam'siTh 3 JOBIILHUM JOCTYIIOM), BIITIOBITHO.

Oynkiis printPROGMEM npuiimae HacTynHI TapaMeTpu:

- fnt: Bka3iBHUK Ha JnaHi mpudTy, mo 30epirarotbcsi y PROGMEM.

- glyphscount: KiIbKICTB TJ11()iB (CHMBOJIIB) y HIPUPTI.

- fntheight: Bucorta xoxxHoro riida.

- hspace: ropuzoHTaIbHUN 1HTEPBAJ MK TTiQamH.

- vspace: BepTUKaJIbHUI 1HTEpBaI MK PsSIIKaAMHU.

- str: BKa3iBHMK Ha PSAIOK JJIs APYKY, 110 30epiraetbes y PROGMEM.

- dx: mo4aTkoBa X-KOOpJIAMHATA JIJIS IPYKY.

- dy0: moyaTkoBa y-KoOpAHHATA JIJIsl APYKY.

- color: xomip, sikuil Oye BAKOPUCTAHO ISl IPYKY.

Oynkiisa printSRAM Mae Ti cami mapameTpw, ajie mapaMeTp Str BKa3zye Ha PsIoK,
1o 30epiraetscsi B SRAM, a He Ha PROGMEM.

KirouoBi koMnoHeHTH Ta (yHKIIOHAIBHICTh KOAY HACTYITHI:

1. Hukn apyky: O6unasi ¢yukiii printPROGMEM 1 printSRAM MaroTh OCHOBHHUIA
IIUKJI, SKUW TiepeOupae KOKeH CUMBOJI Y BXITHOMY PSIIKY 1 BUKOHY€E HEOOX1IH1 Jii JJIsI
BUBEJICHHSI CHMBOJTY Ha JIPYK.

2. O6poOka cMMBOJIB: Y UK APYKY KOJ MEPEBIpsi€ TUIl TOTOYHOTO CUMBOILY 1
BUKOHYE€ BIJIMOBIAHY J110:

- CumBou HoBoro pszaka (\n'): Ckugae KOOpAUHATY X 1 30UIbIIYE KOOPAUHATY Y
TUTS TIepeX01y Ha HACTYITHHM PSAIAOK.

- [IpoGix (' '): 361blye KOOpAUHATY X JUIS IEPEX0Ay Ha HACTYMHY MO3UIIIIO.
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- Hiticauit rmid: orpumye nani raida 3 MacuBy MIPUQTIB, BUKIUKAE (YHKIIIIO
bitblit nys BimoOpakeHHs riia Ha €KpaHi Ta OHOBIIIOE KOOPJIMHATY X.

- HenpaBunpHuii rmid: 30UIbIIye KOOpAWHATY X ISl MEPEXOAy OO0 HACTYIHOL
[MO3UII].

3. ®yukmia Bitblit: dynkuis bitblit Binmosigae 3a BimoOpaxkeHHs riaida Ha
nucruiei. Bona moBTOproe KOKeH psAaok Tiida, mepeBipsie aHl MIKCENiB 1 BUKIMKAE
dbyukKIito putpixel, 100 BCTAHOBUTH BIAMOBIIHI MIKCEN1 HA JUCILIEN.

4. PROGMEM mpotu SRAM: OchnoBHa BiamiaHicTh MK printPROGMEM i
printSRAM nosisirae y crnoco6i goctyny 10 BxijgHoro psjaka. printPROGMEM 3uurye
psanok 3 PROGMEM 3a nonomororw pgm_read byte, Toxi sk printSRAM 3untye psaox
6e3nocepennbo 3 SRAM 3a 1omoMoror po3iMeHyBaHHS BKa3iBHHKA (pstr++).

Hagenena Buiie 6s0k-cxema Mermaid BijioOpakae CTPYKTYpy Ta JIOTIKY KOIy 3
JETAIbHUMU TOSICHEHHSIMH U1 KOKHOTrO mifarpada Ta kKoMmmoHeHta. Ha miarpami
BUJIJICHO OCHOBHI (PyHKIi, X B3a€MOiI0 Ta MOKPOKOBUU X1 MPOIECY PEHAECPUHTY
Tekcty. Koa Burisgae goOpe ONTHMI30BaHUM Ta €(PEKTUBHUM, 3 BHUKOPHCTAaHHSIM
MakpociB Ta BOyJOBaHMX (YHKLIA [JIs1 MiHIMI3alii HAKIaJHUX BUTPAT HAa BUKIMK
GbyHKIIIH Ta BHKOpHCTaHHA CTeKy. OpHaK € KibKa MOTEHIIHHUX oOJiacTel s
MOKPAIIECHHS:

1. Kox 006poOku MOMHIIOK HE Ma€ sIBHUX MeXaHi3MiB 00poOku nmomuiiok. byio 6
KOPUCHO JOJAaTHU TEPEBIPKM Ha HEBIPHI BXIJHI mapameTpu abo JaHi mpudTty, 1100
3a0€3MeYuTH KOPEKTHY OOpOoOKy NOMMJIOK 1 HaJaTH KOPHUCTYBauyeBl 3MICTOBHUMN
3BOPOTHHUM 3B'SI30K.

2. Oynkuio bitblit moTeHmiitHO MoxHa Oyjo0 O 10AATKOBO ONTUMI3YBaTH,
BUKOPUCTOBYIOUM OUIbIl €()EKTUBHI METOAM MAaIIOBaHHS IMKCETB, TakKi SK
BUKOpPUCTAaHHA TpaiuHuX (YHKIIN 3 anmapaTHUM MPUCKOPEHHSM abo0 ONTUMI3aLis
1a0JI0HIB JOCTYIY A0 MaM'siTi.

3. Xo4a ko1t 100pe CTPYKTYPOBaHUH 1 MPOKOMEHTOBAHUH, IIIMPOKE BUKOPUCTAHHS
MakKpocCiB Ta BOyJOBaHUX (YHKIUIA MOXE YCKIAJAHUTH YUTAHHS 1 PO3YMIHHS KOAY.

Posrisin anbTepHAaTUBHUX MIIXOJIB, TAKUX K PO30UTTS (DYHKIIIOHATILHOCTI HAa MEHIIIL,
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Outbln  MOAyJbHI (QYHKIIT, MIr OWM TOKPAaIUTH 3arajbHy YUTaOENbHICTH Ta

PEMOHTOIPHUJIATHICTh KOJOBO1 0a3u. 3arajoMm, HaJaHUM KOJ JAEMOHCTPYE HaAIWHY Ta

e(peKTUBHY peani3alilo peHJEPUHTY TEKCTY, 3 YITKUM (POKYCOM Ha MPOTyKTUBHICThH Ta

onTuMi3alii pecypci. leranpHa 610K-cxema Mermaid Mae 7OMTOMOTTH KOPHUCTyBadyam

3p0O3yMITH (YHKIIOHAIBHICTh Ta CTPYKTYpPY KOAY, IO J03BOJUTH iM e(pEeKTUBHO

BUKOPHCTOBYBAaTH Ta TMOTEHIMHO po3mupioBatu 060i0mioreky VGAX s cBOix

KOHKpETHUX NOTpeO. Biiok-cxemu anropuTMmiB NpeicTaBiIeHO Ha pUCyHKax 3.1-3.4.

3.2 Peanizaiis

3.2.1 Peanizaris ppeiitmOydepa

bi6moreka peanizye ppeiimoOydep 3 po3aiasHor0 3aaTtHICTIO 120X60 mikcemiB, ae

KOXEH TIKCEeIb MPeACTaBICHN 2 61TamMu (110 T03BOJISIE OTPUMATH 4 KOJIBOPH).

Ha Arduino MEGA po3ninbpHy 34aTHICT MOKHA 30U1bHuTH A0 120%x240 mikcenis.

Kanposuii 6ydep 36epiraerscsi B SRAM 1 3aiimae He mene 1800 OaitT.

Start

Initializing local
variables spir, dptr

sheight '=10

h

Write the value located
at the address sptr

h

Increment the dptr
address by the value
VOAX BWIDTH

]

End

Pucynok 3.1 - Biok-cxema anroputMy ajaroputMy
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Hi

Hl

h

Set pixel (row, y) with
color ©

b

Set pixel (row, yi) with
color ¢

h J

F

Set pixel (row, y0) with
color ¢

k4

Increment v by one

b4
Kineus

Pucynok 3.2 - B biiok-cxema ajqiroputMy ajaroputMmy

Ile o3nauae, mo Ha ATMega328 Baiii nporpaMud HE MOXYTh BUKOPHUCTOBYBATH

outeme 200 Gaiir SRAM. Ha ATMega2560 y Bac € Ounbiie SRAM, ane gkmo Bu

posmmpure dpeimOoydep g0 120x240 mikceniB, y Bac 3anumuThess 800 6alliT BUIBHOI

SRAM. ®peiimOydep VGAX BuUKOpUCTOBYE 2 OITH Ha MIKCENb, 30epirarouu 4 mikcesi B

OaiiTi. Y koxHOMY OailiTi KpaiHiM JiBUI MiKcedb 3aiiMae cTapuii 2 OiTH, a KpaiHii

IpaBuii - MoOJIOAII 2 OITH.

3M.

ADK.

No nokyM.

TTignuc

Plara
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yes

v

Draw a point and set the pixel at
the point (x0, line) to the
specified color ¢

h 4
Exchange of values of
variahles x0 and x1 using
the temporary variable
mp

h 4
»~

Draw pixels
horizontally in sequence

Pucynok 3.3 - Biok-cxema anroputMy ajaroputMy

dopMyBaHHSA BiJIeO MPEACTABICHO HA PUCYHKY 3.5.

Ha Arduino MEGA (ATMega2560) dbpeitmOydep moxna posmupute 10 120x90
MIKCETIB 3 KBaJpaTHUMH TikceassMu abo a0 120x240 mikceniB 3 MPSIMOKYTHHUMH
nikceassmMu. 1106 yBIMKHYTH 1IIi aJbTEpHATHBHI PO3AUIBHI 3JaTHOCTI, MOTPIOHO

PO3KOMEHTYBATH BIJIOBIIHI KOHCTAHTH y 3arojoBHoMy (daitmi VGAX.h.

3.2.2 Peamnizariisi 3ByKy

Aynio-6i0mioTeka 3a0e3meuye acMHXPOHHY TeHEepalilo TOHIB. AyaioCUTHaI
reHepyeTbes MpUOIN3HO 3a 15 TakTiB MiJ 4ac TOPU3OHTAIbHOI po3ropTtku VGA, 1o
IPU3BOJUTH 10 HU3BKOI SKOCTI 3BYKY, IPUAATHOTO JJIs1 BIITBOPEHHS IMPOCTUX MEIOALM.

Bu MmoxeTte BukopuctoByBatu (yHkiii tone(frequency) i noTone() st kepyBaHHS

TPUBAJIICTIO HOT.
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3ymep cuig mia'eqHata 1o BuBoay AQ. J{ns peanizartii moTpiOHI ABa pE3UCTOPH TIO

470 Owm, nBa pesuctopu 1o 68 Owm 1 ruizgoBuii posz'em DSUBIS.

3BepHIThCA A0 CXeMH, Noka3aHoi Ha PucyHok 3.6 1 Pucynok 3.7, mo6 gizHaTucs

PO JeTalll MiAKIIOUCHHS.

v

Set the pixel of the specified
colar ¢ to the position (row,
v} on the screen

Y

Exchange of values of two
variables v and v1 using
an additional vanable tmp

-~

L
il e

h

¥

Draw a vertical line of
pixels in a safe way

]

End

Pucynox 3.4 - biok-cxema anroputMy ajqroputMy
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Pucynoxk 3.5 — Video formation
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Pucynok 3.7 - System connetions
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3.2.2 Peamni3ariisi KOJIbOPIB

Yotupu KOMBOpH, IO TEHEPYIOThCs O107TI0TEKOI0, HE € TIONEPEaHbO
BctaHoBneHuMHU. Ha Arduino UNO Bu MOKeTe MiIKITFOYUTH KOHTAKTH 6 1 7 10 Oy Ab-SKHX
nBox koHTakTiB RGB Ha po3'emi VGA DSUBI1S, mo 103BoauTh Bam BUOpaTu OaxaHy
KOMOIHAITIFO KOJIBOPIB.

be3 mogaTkoBUX KOMITOHEHTIB MOXHA JIOCSATTH PI3HUX MOXKIIMBUX KOMOIHAIIH, K

IIOKAa3aHo Ha pUCyHKax 3.8-3.13.

VGoAX QUTPUT COLORS

o
-
(o
]
=
=
-

=l Ad}

Pucynoxk 3.8 - Colors implementation

VoAX OUTPUT COLORS

-=HAd) T¥YLIFII

Pucynok 3.9 - Colors implementation

WoAX OUTPUT COLORS

AYLIOIT

Pucynok 3.10 - Colors implementation
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VGAX OUTPUT COLORS

11

Pucynok 3.11 - Colors implementation

AYLISIA

fmem A d )

aYLI9IC

VoAX OUTPUT COLORS

VGAX OUTPUT COLORS

11

Pucynoxk 3.13 - Colors implementation

Busomm 61 7 Ha Arduino MEGA cnin 3aminnTi Ha BuBoau 30131, ane mist MEGA

3.2.3 I'eHepaiiis Bijieo

3aCTOCOBYETHCS Ta CaMa JIOT1Ka BUOOPY KOJIBODY.

["enepariis Bigeo 3aiiicHIOeThes 3a gonomororo PORTD, ToMy koieH 3 BUBOIB

PORTD He Mmoxe OyTH BUKOpUCTaHUM Mg 1HmMX LuUled. CUrHam BepTUKAIbHOI
CHUHXpPOHI3aIlll reHepyeThcsi Ha BUBOAL 9. Xoua y Bepcii Gammon BUKOPUCTOBYETHCS

BuBig 10, s BBakaro 3a kpaie 3anumuTy BuBoau 10, 11, 12 1 13 moctynmHumu ajist
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3puuaiiHoro Bukopuctanus SPI. Ha Arduino MEGA PORTD 3amineno Ha PORTA, 3
BEPTUKAJIBLHOIO CHHXPOHI3aIl€l0 HAa BUBOAI 11 1 TOPH3OHTAIIBHOK CHHXPOHI3AIIEI0 Ha
BUBO/II 9.

biomoreka VGAX reHepye BiA€OCUTHAJI, BUKOPUCTOBYIOUH TEPEPHUBAHHS, IO
JI03BOJISIE BUKOHYBATH 1HII 3aBAaHHs B Mexkax ¢yHkiii main(). Koa renepye mikceni
psaakiB y ¢yHkKIil main. OfgHak s BBaXkaro 3a Kpaiie oOpoOJsITH reHepaulilo JiHIA y
nepepuBaHHsxX, 1100 3BUIbHUTH MCU 1715 1HIIMX 3aBJaHb, TAKUX SIK 3aIyCK 1rop ado
BiJITBOPEHHS 3BYKIB.

3ayBakTe, 110 AOJABAaHHS IHIIMX TNEpPEpUBaHb NOPYHIUTH TeHepauiro VGA-
curHany. bibiioreka BUKOPUCTOBYE BC1 TpH Taiimepu MikpokoHTpoJsiepa ATMega328. Ha
ATMega2560 noctymHi nonatkoBi HeBukopuctani Taitmepu. TIMER1 1 TIMER2
HajamToBaHi Ha reHepallio iMmyiasciB HSYNC 1 VSYNC, 3 kogoMm HajamTyBaHHS,
ctBopeanM Hikom 'emmonom (Nick Gammon), MoaugikoBaHUM Jisi BUKOPUCTAHHS
BuBoay 9 3amicte BuBoay 10. Ha ATMega2560 BuBomu HSYNC 1 VSYNC
BIJIPI3HSAIOTHCS.

TIMERO BHKOPHCTOBYETBCS JJI1 YCYHEHHS JUKUTTEpa NepeprBaHb. S agantyBaB
aceMOnepHuil Tprok, crodarky Hamucanuii Charles CNLOHR. 3a 3amoBuyBaHHSM
TIMERO BukopuctoByetbcss Arduino st peanmizauii neBHUX (yHKIIN. 3amicTh
BUKOPUCTAaHHA MUX (YHKIINA, BM MOBHHHI BUKOPUCTOBYBATH aJbTEPHATHUBHI BepCii,

HaJaH1 i€ 010J110TEKOIO.

3.2.4 Peamizatiis mKceliB

Ile mpoctuii npuknan dbyakuii putpixeld. dynkiis putpixel4 nomae 4 mikceni 3a
onuH pa3 (pucyHok 3.14). V npukianl mokazaHo (YHKIIIO KomitoBaHHS. DYyHKIIIS
KOIIIOBAHHSA KOIIIIO€ BCI MiKceNi 3 MacuBy OaiT. Macus mae 36epiratucs y PROGMEM,
a po3Mip MacuUBY Ma€ JOPIBHIOBATU po3Mipy (pperimOydepa VGAX:

3BepHITH yBary, 1o po3Mip y 6aitax oouncmoeThes 3 Bukopucranasim BWIDTH,

a He WIDTH, ockinbku mikceni ynakoByIOTbcs y 0aiiTu (4 mikcesl B OJHOMY OaiT1).
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Pucynok 3.14 - Pe3ynbrar

3.2.5 Peanizanis mpudty

CrtBopenHs mpudTy 3 0HOTO 300pakeHHs 3a Jonomororo 2bitfont ckiamaerbes 3
JEKITbKOX KPOKIB.
HanamryBanHs cepenoBuiia BKIItouae BCTaHOBIEHHS Python:
bash
pip install pillow
pip install 2bitfont
[ToTimM HaM TOTPIOHO MIATOTYBATH 300pa>KEHHS 1 IEPEKOHATUCS, L0 11€ YOPHO-O0171e
pacTpoBe 300pakeHHs, € KOXKEH CUMBOJI € YITKUM 1 IPaBUIbHO BUPIBHSIHUM Y CITIIL.
[Ilo6 miaroTryBatu 300pak€HHS, MU IMOBUHHI TNEPETBOPUTH MOTO y pacTpoBe
300pakKeHHS 3 PO3MIIBHOI0 37aTHICTIO 1 OiT Ha mikcenb. lle MoxkHa 3poOuTH 3a
JOTIOMOT 010 rpadigHoro penakropa adbo mporpaMHo 3a jaonomororo PIL.
python
3 PIL iMmmopTyemo 300pa>keHHS
# BinkpuBaeMo 300paKeHHs
image = Image.open(«uisiX /10 Bamoro 300pa)KeHHS.png»)
# IlepeTBOopuTH 300pa’KEeHHS Y YOPHO-O171€
bw_image = image.convert(«1»)
# 30epertu nepeTBopeHe 300paXKeHHS
bw_image.save(«bw image.bmpy)
[Ticns poro moTpiOHO 00pi3aTH OKpeMi cUMBOJH. Lle MOkHA aBTOMaTH3yBaTH,

SIKIIIO CUMBOJIM 3HAXOIATHCS B CITIN:

Apk.

KgsPKI. 20010. 20.01.01 I13 52

Bm. JApk. | Ne nokym. |ITignucPlara



https://github.com/smaffer/vgax/blob/master/docs/pirate.png

python

def crop characters(path no 300paxkenns, char width, char height, output dir):

image = Image.open(uisx 10 300pakeHHs)

img_width, img_height = image.size

num_chars x =1img width // char width

num_chars y =1img_height // char_height

for y in range(num_chars_y)
for x in range(num_chars_x):
left = x char width
upper =y char height
right = left + char width

lower = upper + char_height

char image = image.crop((left, upper, right, lower))

char_image.save(f«{output dir}/char {ynum chars x + x}.bmp»)

Kpoxk 3 - Buainenns mpudty 3a gronomororo 2bitfont™.

crop_characters(«bw_image.bmpy, char width=8, char height=8, output dir=«charsy)

1. Imimiamizyiite 2bitfont, cTBOpiTh HOBHI 00'eKT mpPUPTY 1 HOAANTE KOXKEH

python

import os

3 bitfont import Font, Glyph

CUMBOJI J10 IPUPTY.

font = Font()

char dir = «chars»

char files = sorted(os.listdir(char_dir))

for 1, char file in enumerate(char_files):

char image = Image.open(os.path.join(char dir, char file))

pixels = list(char image.getdata())

width, height = char image.size

bitmap = [pixels[1 width:(i + 1) width] for i in range(height)].
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glyph = Glyph(bitmap)

font.add glyph(chr(32 + 1), glyph) # [Tounnaemo 3 ASCII 32 (ipo6in)
# 30epertu mpudt
3a npornomMoroto open(«custom_font.bfy, «wby) sx f:

font.save(f)

[Ilo6 BuKOpuCTOBYBaTH MIPU(T, MU OBUHHI 3aBaHTXUTH f y 101aTKY:!
python
3 bitfont import Font
with open(«custom_font.bf», «rby) as f:
custom_font = Font.load(f)

PesynbpTaTu poOOTH IporpaMu HaBeJeHO Ha pucyHKax 3.15-3.19.

Pucynoxk 3.15 — Expan 13 300pa’keHHSIM
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Pucynoxk 3.16 - Ilpuctpiii

YOQO00CoTeA

BN

Pucynok 3.17 - Konektop

Pucynok 3.18 — 3’eqnanus
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Pucynok 3.19 — [Ipuctpiii

3.6. BucHOBKH

VY po3aui JeTalbHO OMKMCAHO pealli3alliio CIeialbHOr0 CHCTEMHOTO TPOrPaMHOTO
3abes3neueHHs, ske ciayrye 010miotekor0 VGA miist Arduino UNO ta Arduino MEGA. L
010110TEKAa MOJIETIIY€e CTBOPEHHS KOJILOPOBOTO Bifeo y popmari VGA, Bumararouu Juiie
MIHIMAJBHOT'O HAJIAIITYBaHHS 3 4 pe3ucTopiB Ta omHoro po3'emy DSUBI15. Bona
epextuBHO mpairoe Ha ATMega328, npononyoun po3auibHy 31aTHICTh 120x60px 3 4
KOJhOpaMHU Ha TiKcenb, Mo 30epiraloThcs y dpeitmOydepi B SRAM. Kpim Toro,
aganTariist 616;morexku VGAX miist ESP8266 posiiupioe miaTpUMKY pO3ILUTBHOL 3/TaTHOCTI
o 512x480 mikceniB 3 kagpoBuMm Oydepom 1 G6it/c. VY po3ain TakoX MPEACTaBICHO
aynoQyHKIIOHAIBHICT, 10  JO3BOJIIE  ACHHXPOHHY  TEHepallilo TOHIB Y
rOpU30HTAILHOMY 3aJHbOMYy TOpTi VGA, Xoua 1 3 oOMekeHow skicTio. Haperri,
BUKJIQJICHO MIPKYBaHHSA I0J0 BHOOpPY KOJbOPY Ta BUKOPUCTAHHS BHMBOJIB JIJISt
ONTUMAJIbHOI TPOoayKTHUBHOCTI Ha Matdopmax Arduino UNO Tta Arduino MEGA.
3aBASKH UM peai3allisiM KOPUCTyBadyl MOXKYTh 3arjMOUTHUCS B PI3HOMAaHITHI MPOEKTH,
noB's3aHi 3 reHepartiero VGA-BiIe0 Ta IPOCTUM ayIOBUXOI0OM, BIIKPUBAIOYH IUIIXU

JUTsl TBOPYMX MONIYKIB Ta €EKCIIEPUMEHTIB Yy cdepi mporpamyBaHHs Arduino.
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BUCHOBKHA

[Tepmmii po3mii po3rsiIa€ acmeKTH 3BYKOBHX KOJEKIB, BHUCBITIIOIYH I1XHE
3Ha4YeHHs, (QYHKIIOHAJIBHICTh 1 3aCTOCYBaHHS B Cy4YaCHUX IHHUQPPOBUX CHCTEMax.
JlocnmiKeHHsT TIOYMHAETHCA 3 (yHIAMEHTAIhHOI KOHIICMIII 3BYKOBHX KOJEKIB, IO
3a0e3nevyye po3yMiHHS iXHBOI poJsii B KOAYBaHHI Ta JAEKOIyBaHHI ayniocurHaiis. Lle
3aKJIa/1a€ OCHOBY JJIS PO3YMIHHSI BXKJIMBOCTI 3BYKOBHX KOJIEKIB JIJIsl PI3HUX 3aCTOCYBaHb,
0COOJIMBO /71l CTUCHEHHSI JTaHUX.

Jpyruii  po3mial  MPUCBAYEHO  aHamizy  (QYHKIIOHAIBHUX  MOJKIHMBOCTEH
MikpokoHTposiepa ATmega, ikuii BUPI3HAETHCS CBOIMU HAIHWHUMU CUCTEMaMH TaKTOBO1
YacTOTH Ta IIUPOKUMHU  MOXJIUBOCTSIMH, TNPU3HAYCHUMH JUISl  [MiABHUILEHHS
(GYHKITIOHATIBHOCTI Ta IPOAYKTUBHOCTI B PI3HOMAaHITHUX JIOJaTKaX.

VY TpeTboMy pO3ALTl JETaNbHO OMMCAHO pealli3alliio CIEUiaJbHOTO CUCTEMHOTO
porpaMHOro 3ade3mnedyeHHs, ske ciayrye 010miotekor0 VGA mna Arduino UNO Tta
Arduino MEGA. [1a 6i6ioTeka moJierirye CTBOPEHHS KOJbOPOBOTO Bifieo y (popmari
VGA, BuMararouu Juiie MiHIMaJbHOTO HaJIAIITYBaHHS 3 4 PE3UCTOPIB Ta OAHOTO PO3'EMY
DSUBI15. Bona edextuBHo npaiitoe Ha ATMega328, mponoHy04Yu po3AUIbHY 371aTHICTh
120x60px 3 4 KoJIbOpaMu Ha MiKCeNb, O 30epiraloTbes y ¢ppeiimOydepi B SRAM. Kpim
toro, agantauis Oi6mioreku VGAX mns ESP8266 posmupioe miaTpUMKY pO3AUIBHOT
3natHocTi A0 512x480 mikcemiB 3 kaapoBum Oydepom 1 Oit/c. VY po3aiiai Takox
IPEJICTaBICHO ay110(pyHKIIOHATBHICTD, 110 J03BOJISIE ACUHXPOHHY I€HEpallil0 TOHIB y
rOpU30HTAIBHOMY 3aJiHhOMY TOpTi VGA, Xoya 1 3 00MEXKEHOW SKICTIO. BukianaeHo
MIpKyBaHHsS IIOAO BUOOpPY KOJBOPY Ta BHUKOPUCTAHHS BHUBOMIB I ONTHUMAaJIbHOI
npoayktuBHOCTI Ha Tuiatdopmax Arduino UNO ta Arduino MEGA. 3aBnsku 1um
peaiizalisiM KOpUCTyBaudl MOXYTh 3aryIMOUTHCA B PI3HOMAaHITHI MPOEKTH, MOB'sI3aHI 3
rerepaiiiero VGA-BIJIe0 Ta MPOCTUM ayA10BUXOJIOM, BIAKPUBAIOYU LUISIXU JUISI TBOPUHUX

MOIIYKIB Ta €KCIIEpUMEHTIB y cdepl nporpamyBanHs Arduino.
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INTRODUCTION

The relevance of system software to support multimedia for ATMega328-based
microcontroller systems is an interesting topic, given the recent advances in embedded
systems and the growing demand for integration of multimedia functions in various
applications.

ATMega328-based systems are often used in consumer electronics applications
where basic multimedia capabilities such as audio playback and simple graphical displays
are sufficient. These include applications such as

- Digital watches and clocks with a graphical interface.

- Home automation devices with a display and sound alerts.

- Toys and educational kits that use sound and visuals for interactive learning.

Multimedia support in [oT devices can improve the user experience. For example:

- Smart home devices can use audio alerts or simple graphical displays to
communicate status or messages.

- Wearable technologies can benefit from small graphical displays for user
interfaces.

The ATMega328 is widely used in prototyping and educational projects. The
multimedia support allows students and hobbyists to create more interesting and complex
projects, enhancing the learning process by adding visual and audio elements.

Despite these limitations, creative techniques such as code optimization, use of
external memory, and efficient libraries can provide basic multimedia functionality.

The low power consumption of the ATMega328 makes it suitable for battery-
powered devices, but multimedia functions must be carefully managed to avoid excessive
power consumption.

While the ATMega328 provides basic multimedia support, there is a trend toward
integrating these microcontrollers with more powerful systems such as: teaming up with
ARM-based microcontrollers. Combining with more powerful microcontrollers can

offload heavy multimedia tasks while maintaining the advantages of ATMega328's low
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cost and simplicity, and use of coprocessors. Offloading multimedia processing to
dedicated chips or coprocessors can improve performance without overloading the
ATMega328.

As the [oT continues to grow, the need for low-cost, efficient and basic multimedia
support in small devices remains high. Simple displays and audio alerts enhance the user
interfaces of smart devices without significantly increasing cost or complexity.

Developers must be able to optimize code and manage limited resources. This may
include:

- Using external storage for large media files.

- Implementing efficient coding practices to maximize the use of available memory
and processing power.

While multimedia is in demand in embedded systems, it is usually limited to
simple, low-resolution graphics and basic audio. Complex multimedia tasks usually
require more powerful hardware.

The ATMega328 remains a relevant and practical choice for microcontroller
systems that require basic multimedia support. Its low cost, wide availability, and strong
community support make it a good choice for educational applications, consumer
electronics, and simple IoT devices. However, developers should be aware of its

limitations and apply creative solutions to achieve the desired functionality.
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1 MULTIMEDIA SUPPORT SYSTEMS

1.1 The concept of video codecs

A video codec (from the English Video Codec) is software or hardware designed
for encoding and decoding video data. A codec determines how a video signal will be
compressed during recording (encoding) and decoded during playback or processing.
This approach allows you to reduce the volume of video files and save bandwidth when
transmitting video data over the network.

Let's consider the main aspects of video codecs.

Encoding. The process of compressing video data before it is stored or transmitted.
The codec analyzes the video signal and uses various compression techniques to reduce
the file size.

Decoding. The process of restoring a video signal from an encoded format during
video playback or processing. The decoder decodes the compressed file and reproduces
the original video signal.

Lossy and lossless compression. Many video codecs use lossy compression, which
means losing some quality to achieve a high degree of compression. There are also
lossless video codecs that store the video signal without losing quality, but the file can be
larger.

Bit rate (Bitrate). This is the number of bits used to represent a unit of video time.
Determines the quality and size of the video file. A higher bit rate may improve quality,
but will increase the file size.

Video formats. Video codecs can support different video formats such as H.264,
H.265 (HEVC), VP9, AV1 and others. Each format has its advantages and disadvantages,
including compression quality, support for different devices, and bandwidth.

Support for hardware acceleration. Some video codecs can use hardware
acceleration, which allows you to reduce the load on the processor and improve

performance during video playback.
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The use of video codecs is necessary in many areas, such as video recording,
streaming services, video conferencing, multimedia devices and gaming systems. The

choice of a specific video codec depends on specific requirements and conditions of use.

1.2 Relevance of the use of video codecs

Let's consider the relevance of the use of video codecs in the modern world in view
of a number of key factors.

With the popularity of streaming platforms such as Netflix, YouTube, Hulu and
others, video codecs play an important role in ensuring the efficient transmission of video
data over the network.

The growth of remote forms of work and communications makes it important to
use efficient video codecs for real-time video signal transmission.

Video codecs are used to compress video streams in video games, as well as to
stream video games over the network.

Video codecs built into media players and TVs allow you to play videos of various
formats without the need for internal conversions.

With the development of digital technologies and the growth of video content, it is
important to use efficient video codecs to save storage space and ensure fast access to
video data.

Due to the popularity of video recording and video viewing on mobile devices, it
is important to have efficient video codecs that allow you to provide quality video
streaming with limited resources.

Video codecs are used in video production and editing to store and process large
volumes of video material.

Video codecs play a key role in the transmission of large volumes of video data for

virtual and augmented realities, where high quality and smoothness are important.
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The relevance of video codecs is increasing because they affect the quality of video
content, the efficiency of transmission over networks, the size of files, and the overall

user experience of viewing and using custom-processed video.

1.3 Codingand video decoding

Encoding (Encoding) and Decoding (Decoding) of video codecs are processes that
determine how video information is encoded during file creation (encoding) and how it
is recovered for video playback or processing (decoding).

Video coding (or compression) consists in transforming a large amount of video
data into a smaller volume.

This is done by using various specialized compression techniques, such as
removing redundant details, using prediction, quantization, etc.

Reducing the volume of the video file, ensuring the efficiency of transmission over
the network and ensuring optimal use of information storage space.

Codecs used for encoding include H.264, H.265 (HEVC), VP9, AV1, and others.

Video decoding is the process of restoring the original video signal from the
encoded format during playback or processing.

The decoder decodes the compressed file, reproducing the original video signal.

Designed to play or process video in an understandable and accessible format.

Decoders use the same or compatible video codecs that were used for encoding.

Successful coding with a video codec provides high compression, while
maintaining video quality at an acceptable level. Video decoding involves decoding the
compressed data to reproduce the original video signal for viewing or processing.

Compatibility between codecs is important, allowing for efficient interoperability
between different devices and applications for encoding and decoding custom video.

Many modern video codecs, such as H.264 and H.265, have become standards in

many applications, allowing for high compatibility and efficiency.
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1.4 Relevanceuse of sound codecs

Thus, let's consider the application areas of video codecs in the Internet of Things
(IoT), as [oT covers a wide range of applications, including surveillance, medical devices,
home authentication systems, transportation systems, and others.

Video codecs are important for transmitting and storing large amounts of video
data generated by video surveillance in [oT security systems.

The use of video codecs allows you to transmit video from medical devices for
remote consultations, training and monitoring of the condition and behavior of patients.

Video codecs can be used to stream video to a variety of devices in the home
environment, including smart TVs, video projectors, and game consoles.

Video codecs are important for video monitoring and interaction with transport
systems, such as surveillance cameras on roads or in public transport.

Video codecs allow the transmission and playback of video content on interactive
devices and gaming consoles as an loT entertainment element.

Video codecs are used to transmit video data from home security cameras for
remote monitoring and security.

Given the limited resources in IoT devices, it is important to have efficient video
codecs that allow video compression and transmission with minimal energy consumption.

Video codecs are used for video monitoring and analytics systems in smart cities
to improve security and management efficiency.

Given the variety of applications in the Internet of Things, it is important to have
optimal video codecs that allow for high quality video transmission with limited resources

and network conditions.

1.5 The process of data compression in audio codecs

The process of data compression in video codecs includes a number of techniques

and methods for reducing the volume of a video file without significant loss of image
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quality. This process can be lossy or lossless, depending on whether quality is lost during
compression.

The main stages of data compression in video codecs include the aspects described
below.

Removal of redundant details and repetitive patterns in the spatial dimension.
Techniques such as deduplication, quantization, and filtering are applied.

Used to reduce temporal redundancy between frames. Highlighting interframe
dependencies and using forecasting to predict future frames.

Application of various algorithms for encoding data with loss of information. One
of the most common methods is the use of DCT (discrete cosine transform), which is
used, for example, in the JPEG and H.264 standards.

The quantization process reduces the precision of the value representation by
discarding the less important bits. This is a key step in lossy compression.

The use of different types of frames, such as key (I-frames), expected (P-frames)
and reverse (B-frames), to further reduce the amount of data.

Determining and taking into account the movement of objects in the video signal
for effective encoding of changes in frames.

Application of algorithms that predict the content of frames, as well as interpolation
methods to reduce the amount of information that needs to be stored.

These methods contribute to the creation of efficient video codecs that provide a
balance between the amount of data and the quality of the video image.

Lossy compression is a common approach in video encoding, as it allows for
significant reductions in file size and data transfer, which is important for streaming and

storing large.

1.6 Types of codecs

There are many types of video codecs, each of which has its own characteristics,

advantages and disadvantages. Here are some of the most common video codecs.
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H.264 (AVC) is one of the most popular video encoding standards used for videos
on YouTube, Vimeo, video conferencing and other platforms. It provides good quality at
a low bit rate.

The successor standard to H.264 and provides better compression while
maintaining high video quality. HEVC is well suited for 4K and higher resolutions.

Developed by Google, VP9 is an open standard with excellent compression and
high resolution support. Used in YouTube videos in particular.

Another open standard developed by the Alliance for Open Media group. AV1
offers a high level of compression while maintaining quality and is designed for use in a
variety of scenarios, including streaming and media players.

A standard used to compress video and audio for DVD, broadcast television, and
other video formats.

Used to compress video for web and mobile devices. MPEG-4 has many varieties
of codecs, such as DivX and Xvid.

Known for its high compression and use in high quality video files.

Xvidis a popular freely distributed video compression codec.

AppleProResused mainly in professional video editing and production of video
content on Apple products.

These are just a few examples, there are many other video codecs that are used in
various fields, including broadcasting, streaming, video games, video production, and
more.

The choice of a specific codec may depend on the needs of the user, the specifics

of video projects and the platform of use.

1.7 Known software system libraries for encoding and decoding of video

codecs

There are several well-known software system libraries that provide video codec

encoding and decoding functionality.
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Some of the most popular libraries in this area include the system software
described below.

FFmpeg is one of the most powerful and widely used libraries for video and audio
processing. It provides tools for encoding, decoding, trimming, converting and other
manipulations with video and audio data.

OpenCV (Open Source Computer Vision Library) is a computer vision library, but
it also provides functionality for working with video. OpenCV has capabilities to encode
and decode video using various codecs.

libavcodec is a specific FFmpeg component responsible for audio and video
encoding and decoding. This library has a large number of codecs including H.264,
H.265, VP9 and others.

x264 and x265 are libraries for encoding video in the H.264 and H.265 standards
(respectively). They are widely used to create videos with high compression and quality.

VideoToolbox is a framework that provides hardware support for video encoding
and decoding on Apple devices such as Mac and iPhone.

MediaCodec is an API for handling multimedia data on the Android platform. It
allows you to use hardware support for video encoding and decoding on Android devices.

VLC (VideoLAN Client) uses the libavcodec library to implement codecs and
multimedia processing.

These libraries provide developers with tools to work with different video codecs
and implement different operations on video data. The choice of library may depend on

the specific needs of the project, platform and programming language.

1.8 The relevance of video broadcasting using microcontrollers for Internet of

Things (IoT) systems

The use of video streaming using microcontrollers for Internet of Things (IoT)
systems can be relevant in many scenarios where it is important to remotely monitor or

observe events, objects or spaces.
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Video streaming can be used to create video surveillance systems for remote
monitoring and security of objects or areas, such as homes, offices or infrastructure
facilities.

Video transmission can be used for remote monitoring of patients, conducting
telemedicine or even conducting virtual consultations.

In production environments, video streaming can be used for remote monitoring of
work processes, equipment status or even for staff training.

With the help of video transmission, you can remotely monitor and observe home
processes, for example, security or animal care.

Video streaming can be used to monitor traffic, parking, or even to create virtual
perception systems for autonomous vehicles.

Video streaming can be used in consumer electronic devices such as home video
cameras for remote monitoring from mobile devices.

In the fields of virtual reality and augmented reality, video streaming can be used
to create immersive experiences and interactions.

Video streaming can be important for public safety systems, such as video
surveillance on streets or public transport.

The relevance of using video transmission with microcontrollers in IoT systems
lies in the possibility of creating effective and intelligent solutions for remote monitoring

and management of various objects or processes in real time.

1.9 Control of video codecs based on the ATMega328 microcontroller

The ATMega328 microcontroller used in the Arduino Uno platform has the
resources and memory capacity that makes it suitable for complex video codec operations
and real-time video playback or encoding.

However, you can use some video codec operations and experiment with video
compression and playback using this microcontroller.

Let's consider the general approach to work with ATMega328-based video codecs.
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Since the ATMega328 has limited resources, you should choose video codecs that
support low resolution and can be implemented on this microcontroller. For example,
using QVGA (320x240) or even lower resolution.

You can use ready-made libraries to interact with video codecs supported by
ATMega328. For example, some libraries can work with JPEG codecs to compress and
decompress images.

Y ou should pay particular attention to optimizing your code to minimize the use of
microcontroller resources.

Reducing the amount of memory and optimizing the execution speed will be
important factors.

Given the limited capabilities of the ATMega328, you may also consider using
external modules or auxiliary microcontrollers to handle the video data, leaving the
ATMega328 responsible for control and other functions.

It is necessary to choose video codecs and settings that allow working with a low
bitrate to reduce the amount of video data.

It is important to note that implementing video codecs on microcontrollers such as

the ATMega328 is a challenge due to their limited resources.

1.10 Conclusion

The chapter delves into the intricate and essential aspects of sound codecs,
highlighting their significance, functionality, and application in modern digital systems.
The exploration begins with the fundamental concept of sound codecs, providing a
foundational understanding of their role in encoding and decoding audio signals. This
lays the groundwork for appreciating the relevance of sound codecs in various
applications, especially in data compression.

Sound codecs are crucial for converting analog audio signals into digital format

and vice versa. They facilitate the efficient transmission and storage of audio data by
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compressing it without significant loss of quality. The chapter underscores the importance

of understanding sound codecs as the building blocks for modern audio technology.

The chapter provides a thorough examination of sound codecs, their significance,

and their applications, particularly in the realm of IoT. The discussions encompass the

technical aspects of audio data compression, the types of codecs available, and the

practical implementation of audio functionalities in modern digital systems using

microcontrollers like the ESP8266.

This comprehensive exploration not only enhances the understanding of sound

codecs but also underscores their vital role in the evolution of digital audio technology

and the Internet of Things.
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2 DESCRIPION OF THE COMPONENTS FOR THE MULTIMEDIA
SUPPORT SYSTEM SOFTWARE FOR MICROCONTROLLER SYSTEMS
BASED ON ATMEGA328

2.1 ATmega 328

The ATmega series of microcontrollers are energy-efficient, CMOS-based 8-bit
devices constructed on the advanced AVR® RISC architecture.

These microcontrollers are capable of executing instructions in just one clock
cycle, which enables them to deliver nearly one MIPS per megahertz.

This high efficiency allows system designers to optimize both power consumption

and processing speed.

2.2 Pin configurations

The ATmega328 includes pins as illustrated in Figure 2.1. The pinout details for
the ATmega328 are provided in Table 2.1.

Table 2.1 — Pinout of ATmega328

A PD2 PD1 PC6 PC4 PC2 PC1
B PD3 PD4 PDO PC5 PC3 PCO
c GND GND ADC7 GND
D VDD VDD AREF ADCG6
E PB6 PD6 PBO PB2 AVDD PB5
F PB7 PD5 PD7 PB1 PB3 PB4

VCC is the supply voltage for digital circuits.

GND represents the ground connection.
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Figure 2.1 - Pin configurations

Port B is an 8-bit bidirectional I/O that includes resistors, which can be individually

configured for a bit.

The output buffers for Port B are designed with symmetrical drive characteristics,

providing both strong sinking and sourcing capabilities.

When functioning as inputs, if the pull-up resistors are enabled and the pins are

externally pulled low, they will source current.

Bm. JApk. | Ne nokym. |ITignucPlara

QWCE.20011. 20.01.02 EN

Apk.

17




During a reset condition, the Port B pins enter a high-impedance state (tristate),
regardless of the clock's activity.

Port C is a 7-bit bidirectional I/O port with resistors, which can be enabled
individually for a pin.

The output buffers for pins PC5 through PCO are designed with symmetrical drive
characteristics, providing strong sinking and sourcing capabilities.

As inputs, if the pull-up resistors are enabled and the pins are externally pulled low,
they will source current. In the event of a reset, the Port C pins transition to a high-
impedance state (tristate), even if the clock is inactive.

Port D is an 8-bit bidirectional I/O port, also featuring internal pull-up resistors that
can be enabled on a per-bit basis.

The output buffers for Port D are characterized by symmetrical drive capabilities,
providing robust sinking and sourcing capacities.

When used as inputs, Port D pins source current if the pull-up resistors are activated
and the pins are externally pulled low.

During a reset condition, the Port D pins enter a high-impedance state (tristate),
even if the clock is not running.

AVCC serves as the supply voltage pin for the A/D Converter, as well as for pins
PC3:0 and ADCT7:6.

It is advised to connect AVCC externally to VCC, whether or not the ADC is used.
If the ADC is employed, AVCC should be connected to VCC through a low-pass filter
for optimal performance.

The Figure 2.2 illustrates the Block Diagram of the ATmega328.

The AVR core combines an extensive instructions with thirty two general-purpose
working registers.

Each of these 32 registers is directly connected to ALU, allowing for simultaneous
access to registers within a single instruction cycle.

This design achieves higher code efficiency.
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Figure 2.2 - Block Diagram of the ATmega328
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The ATmega microcontrollers feature a comprehensive range of capabilities.
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These include In-System Programmable Flash memory ranging from 4K to 8K
bytes with Read-While-Write functionality, EEPROM capacities from 256 bytes to 1K
bytes, and SRAM sizes from 512 bytes to 2K bytes. The devices provide 23 general-
purpose 1/O lines and 32 working registers.

In Power-down mode, register contents are retained, but the Oscillator is halted,
disabling all other functions until an interrupt or hardware reset occurs.

Power-save mode allows the asynchronous timer to remain active, enabling a
maintained timer base while other device components are in sleep mode.

The QTouch Suite toolchain is designed to facilitate the exploration, development,
and debugging of touch applications.

The device is fabricated utilizing Microchip’s advanced high-density non-volatile
memory technology.

Its On-chip ISP Flash enables reprogramming of program memory In-System via
an SPI serial interface, through a conventional non-volatile memory programmer.

Meanwhile, software in the Boot Flash section continues to execute while updates
are made to the Application Flash section, ensuring genuine Read-While-Write
functionality.

To facilitate touch-sensitive interface implementation on most AVR
microcontrollers, the QTouch Library provides a simple solution.

It supports both QTouch and QMatrix™ acquisition techniques, allowing seamless
integration of touch sensing functionality.

To incorporate touch capabilities into an application, the Library for the AVR
microcontroller is used.

This involves a straightforward API set to define touch channels and sensors, and
subsequently calling the touch sensing APIs to retrieve channel data and determine the
status of the touch sensors.

The AVR architecture employs a architecture, which separates program and data

memories and buses, optimizing performance and parallelism. Instructions stored are
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executed with a single-level pipelining system. As one instruction executes, the next one
is pre-fetched from program memory, ensuring continuous instruction flow.

The Register File, a key feature for rapid access, includes 32 general-purpose 8-bit
working registers.

This setup supports single-cycle operations for the Arithmetic Logic Unit (ALU).
During typical ALU operations, 2 operands are fetched from File, the operation is
executed.

Among registers, six can function as three 16-bit registers for addressing.

The ALU also supports single register operations, and updates the Status Register
to reflect the result of each operation.

Program control is managed through instructions, which allow access to address.

I/O Memory is able to access locations beyond the Register File (0x20 - 0x5F).

The ATmega also includes Extended I/O space from 0x60 to OxFF within the
SRAM, which can be accessed using the ST/STS/STD and LD/LDS/LDD instructions.

The ALU is a highly efficient component of the AVR, directly interacting with all
32 general-purpose working registers.

The ALU's operations cover implementations include a powerful multiplier for
handling signed/unsigned multiplication and fractional formats.

The Status Register stores information and is able to affect program flow by
enabling conditional execution. It is updated after every ALU operation.

Consequently, there is often no need to use specific compare instructions, leading
to faster and more efficient code. SREG is depicted in Figure 2.3.

Bit 7 — I Global Interrupt Enable. To activate interrupts, I-bit has to be set.
Individual interrupt activation is then managed through separate control registers.

Bit 6 — T: Bit Copy Storage.

Bit 5 — H: Half Carry Flag.

Bit4 —S: Sign Bit (S=N V).

Bit 3 — V: Two’s Complement Overflow Flag. The V-bit (Two’s Complement

Overflow Flag) is used to detect overflow in two’s complement arithmetic operations.
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Bit 2 — N: Negative Flag. The N-bit (Negative Flag) is set to indicate a negative

result in an arithmetic or logical operation.

Bit 1 — Z: Zero Flag.
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Figure 2.3 — Block Diagram of the AVR Architecture
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Bit 7 6 5 4 3 2 1 0
Ox3F (Ox5F) | T H S Vv N Z o SREG
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Initial Value 0 0 0 0 0 0 0 0

Figure 2.4 — AVR Status Register

Bit 0 — C: Carry Flag. The C-bit (Carry Flag) signals a carry or borrow in arithmetic

or logical operations.

2.3 GPRF

GPREF is designed to support the AVR RISC instructions.

The arrangement of the 32 registers is shown in Figure 2.4.

2.5 X-, Y-, and Z-registers

R31 serves additional purposes beyond their general utility, which are outlined in

detail in Figure 2.5.

2.6 Stack Pointer

The Stack's primary function is to hold temporary data, such as local variables and
return addresses during subroutine calls and interrupts.

The 1nitial value 1s set to address of SRAM, and i1s outlined in Table 2.1.

The AVR Stack Pointer is designed as two separate 8-bit registers located within
the I/O space.

The actual number of bits utilized depends on the specific implementation.

It’s important to mention that, in certain versions of the AVR architecture where
the data space is limited, only the SPL register is required, and the SPH register may not
be included.
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Table 2.1 — Stack pointer description

Instruction | Stack pointer Description

PUSH Decremented by 1 | Data is pushed onto the stack

CALL Retum address is pushed onto the stack with a subroutine call or
ICALL Decremented by 2 | interrupt

RCALL

POP Incremented by 1 | Data is popped from the stack

RET Incremented by 2 | Return address is popped from the stack with return from

RETI subroutine or retum from interrupt

2.7 Instruction Execution Timing

There's no internal clock division utilized. As depicted in Figure 2.6, the
architecture enables the parallel instruction fetches and executions.
This forms the fundamental pipelining concept aimed at achieving up to 1 Million

Instructions Per Second (MIPS) per Megahertz (MHz).

m™ T2 T3 T4
| | | |
| | | |
| I | I

ram SR W S N S W S —

CPU
1st Instruction Fetch

1st Instruction Execute
2nd Instruction Fetch
2nd Instruction Execute
3rd instruction Fetch
3rd Instruction Execute
4th Instruction Fetch

A"

™,

& Y

i

Figure 2.6 - Instruction and executions

Figure 2.7 illustrates the internal timing concept
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Figure 2.7 - Single Cycle ALU Operation
2.8 Reset

AVR includes various interrupt sources, each linked to a specific program vector
within the memory.

These interrupts, along with the Reset Vector, have individual enable bits.

By default, the lowest addresses in the memory are allocated to the Reset.

The highest priority is given to RESET, followed by INTO, which is 0.

The user software can allow nested interrupts by setting the I-bit back to logic one,
permitting all enabled interrupts to preempt the current interrupt routine.

There are essentially two categories of interrupts in AVR. The 1% class is
implemented by Interrupt Flag.

The second category of interrupts is continuously. These interrupts may not have
specific Interrupt Flags.

When exiting an interrupt, the AVR resumes execution of the main program and
completes one additional instruction before addressing any pending interrupts.

When the CLI instruction is executed to disable interrupts, they are immediately
turned off. This can be particularly useful for preventing interruptions during operations

such as the timed EEPROM write sequence.
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2.9 Interrupt Response Time

The minimum response time for all active AVR interrupts is four clock cycles.
During this time, the Program Counter is pushed onto the Stack, and the interrupt vector
address is loaded for the interrupt handling routine. Typically, this routine involves a
three-clock cycle jump to the interrupt service routine (ISR).

If an interrupt occurs while a multi-cycle instruction is being executed, the
instruction completes before the interrupt is processed. This ensures the integrity of the
instruction being executed.

When the AVR microcontroller is in sleep mode and an interrupt is triggered, the
interrupt execution response time is extended by four additional clock cycles. This delay
is in addition to the wake-up time required from the specific sleep mode chosen.

Exiting from an interrupt handling routine also requires four clock cycles. This
involves retrieving the Program Counter from the Stack, incrementing the Stack Pointer,
and setting the Interrupt Enable bit (I-bit) in the Status Register (SREG).

These details underscore the precise timing considerations and operations involved
in managing interrupts effectively on AVR microcontrollers, ensuring proper handling of
events without compromising the execution of critical instructions or system sleep

functionality.

2.10 AVR Memories

The AVR architecture encompasses two primary memory spaces: Data Memory
and Program Memory. Additionally, the ATmega microcontroller features an EEPROM
Memory dedicated to data storage.

Figure 2.10 depicts the structure of SRAM Memory within the ATmega

microcontroller.
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Figure 2.8 - Program Memory Map ATmega 48A/48PA

Program Memaory

—

0x0000

Application Flash Section

Ox7FF

The ATmega microcontroller's Opcode for the IN and OUT instructions is limited

to 64 locations. Due to the microcontroller's complexity and extensive peripheral units,
only the ST/STS/STD and LD/LDS/LDD instructions are suitable for accessing the
Extended I/O space, which spans from 0x60 to OxFF in SRAM.

The data memory is divided into several segments:

- Register File has initial 32 locations are reserved for the Register File.

- Standard I/O Memory consists of 64 locations.

- Extended I/O Memory occupies 160 locations.

- Internal Data SRAM: The largest segment, containing 512/1024/2048 locations

depending on the specific ATmega variant mentioned (768/1280/1280/2303 locations

likely refer to different ATmega models or configurations).
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This segmentation underscores the diverse memory requirements and the specific
addressing schemes necessary to effectively utilize the ATmega microcontroller's
capabilities, accommodating its extensive peripheral functionalities and ensuring efficient

data access across various memory spaces.

Program Memory

Ox0000

Application Flash Section

———

Boot Flash Section

0xOFFF/0x1 FFF/0xaF FF

Figure 2.9 - Program Memory Map ATmega328

Addressing Modes:
- Direct Addressing allows direct access to any location within the data space.

- Indirect Addressing uses the content of a register (X, Y, or Z) as a pointer to

access data indirectly.

- Indirect with Displacement extends the indirect addressing mode by allowing an
offset (displacement) from the base address provided by the Y- or Z-register, spanning

63 locations.
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- Indirect with Pre-decrement adjusts the address register (X, Y, or Z) before
accessing the data, useful for stack operations or accessing arrays in reverse order.

- Indirect with Post-increment adjusts the address register (X, Y, or Z) after
accessing the data, facilitating sequential access to arrays or buffers.

Pointer Registers R26 to R31 within the Register File serve as indirect addressing
pointer registers (X, Y, and Z registers), crucial for manipulating memory addresses in
indirect addressing modes.

These addressing modes enable flexible and efficient data manipulation within the
ATmega microcontroller's data memory, accommodating diverse programming needs
from direct access to sequential and indexed access patterns.

The versatility of the ATmega microcontroller's addressing capabilities, essential
for managing data efficiently in embedded systems and other applications requiring
precise memory access.All 32 general-purpose working registers, 64 I/O Registers, 160
Extended I/O Registers, and the 512/1024/1024/2048 bytes of internal data SRAM within

the ATmega microcontroller are accessible through these addressing modes.

Data Memory

32 Registers 0x0000 - 0x001F
64 1/0 Registers 0x0020 - 0x005F
160 Ext /O Req. 0x0060 - Ox00FF
Ox0100
Internal SRAM
(512/1024/1024/2048 x 8)
Ox02FF/0x04FF/0x4FF/Ox0BFF

Figure 2.10 - Data Memory Map

Internal data of SRAM is detailed in Figure 2.11.

Accessing the internal data SRAM requires two clock cycles of the CPU.

The ATmega microcontroller includes 256/512/512/1Kbytes (depending on the
specific model) of EEPROM memory, organized separately from the SRAM. EEPROM
allows individual bytes to be read and written.

EEPROM provides a durability of at least 100,000 write/erase cycles.
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Communication between the CPU and EEPROM utilizes specialized registers:
EEPROM Address Registers, EEPROM Data Register, and EEPROM Control Register,
all located in the I/O space.

A self-timing function enables user software to determine the appropriate timing
for EEPROM write operations.

Due to potential voltage fluctuations during power-up or power-down phases,
precautions are necessary to avoid inadvertent EEPROM writes.

Specific instructions and procedures must be followed to ensure reliable EEPROM
operations, especially concerning the EEPROM Control Register.

During EEPROM reads, the CPU pauses for four clock cycles before executing the
next instruction.

During EEPROM writes, the CPU pauses for two clock cycles before proceeding
with the next instruction.

ATmega microcontroller's robust EEPROM capabilities, its integration into the
overall memory architecture, and the precautions required for reliable EEPROM

operations in varying voltage conditions.
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Figure 2.11 - On-chip Data SRAM Access Cycles
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2.11 Preventing EEPROM Corruption

When VCC drops to low levels, there's a risk of EEPROM data corruption due to
insufficient supply voltage for both the CPU and the EEPROM to function properly.
These concerns mirror those encountered in board-level systems utilizing EEPROM, and
similar design strategies should be employed. The text emphasizes strategies to prevent
EEPROM data corruption in the ATmega microcontroller:

Proper functioning of EEPROM write sequences necessitates a minimum voltage
threshold. If this threshold is not met, EEPROM data can become corrupted.

Insufficient supply voltage can cause the CPU to execute instructions erroneously,
leading to potential EEPROM corruption.

To mitigate EEPROM data corruption risks, it is recommended to keep the AVR
RESET active (low) during periods of inadequate power supply voltage.

This can be achieved by enabling the internal Brown-out Detector (BOD), which
helps maintain stable operation within specified voltage ranges.

If the internal BOD's detection level does not align with operational requirements,
an external low VCC reset protection circuit can be employed.

If a reset event occurs during an EEPROM write operation, the write operation will
proceed and complete successfully only if the power supply voltage remains above the

minimum required level.

2.12 Memory

The intricacies of I/O management in the ATmega microcontroller are:

1. I/0O Space and Access:

- All I/Os and peripherals are located within the I/O space of the ATmega
microcontroller.

- Instructions like LD/LDS/LDD and ST/STS/STD facilitate seamless data transfer
between the 32 general-purpose working registers and the I/O space.

2. Direct Bit Manipulation:
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- I/0O Registers within the address range of 0x00 to 0x1F can be manipulated at the
bit level using commands such as SBI (Set Bit in I/O Register) and CBI (Clear Bit in 1/O
Register).

- Specific bit values can be checked using SBIS (Skip if Bit in I/O Register is Set)
and SBIC (Skip if Bit in I/O Register is Cleared) instructions.

3. Addressing and Instruction Set:

- IN and OUT instructions address I/O Registers within the range of 0x00 to 0x3F.

- When using LD and ST instructions to access I/O Registers as part of the data
space, an offset of 0x20 must be added to these addresses.

4. Extended I/O Space:

- The Extended I/O space, spanning from 0x60 to OxFF in SRAM, necessitates the
use of ST/STS/STD and LD/LDS/LDD instructions due to the abundance of peripheral
units exceeding the capacity of the IN and OUT instruction Opcode.

5. Operational Considerations:

- Reserved bits should be set to zero when accessed, and writing to reserved 1/0
memory addresses should be avoided to ensure compatibility with future devices.

- Certain Status Flags can be cleared by writing a logical one to them.

6. Instruction Set and Peripheral Control:

- Instructions like CBI and SBI operate exclusively on registers within the range of
0x00 to Ox1F, affecting only the specified bit.

- Detailed descriptions of control registers for I/O and peripherals are available in

subsequent sections, providing further insights into their configuration and usage.

2.13 General Purpose I/0 Registers, Clock Systems and their Distribution

The ATmega microcontroller features three General Purpose I/0 Registers located
in the address range of 0x00 to Ox1F.
These registers serve as flexible storage spaces for various data types, including

global variables and Status Flags.
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They support direct manipulation of individual bits using instructions such as SBI
(Set Bit in I/O Register), CBI (Clear Bit in I/O Register), SBIS (Skip if Bit in I/O Register
is Set), and SBIC (Skip if Bit in I/O Register is Cleared).

Figure 2.12 illustrates the primary clock systems within the AVR architecture and
their distribution.

The architecture allows for selective activation of clocks, enabling modules that
are not in use to be powered down to conserve energy.

Different sleep modes facilitate halting clocks to inactive modules, thereby

reducing overall power consumption.

2.14 CPU Clock — clkCPU

The CPU clock drives critical components like the General Purpose Register File,
Status Register, and data memory holding the Stack Pointer.

Halting the CPU clock suspends general operations and calculations of the AVR
core, effectively pausing its execution.

The I/O clock is crucial for various I/O modules such as Timer/Counters, SPI,
USART, and External Interrupts.

Specific functionalities like start condition detection in the USI module and TWI
address recognition operate asynchronously or across different sleep modes, despite
halting the clkl/O.

Level-triggered interrupts are employed to wake the microcontroller from Power-
down mode.

It's essential to maintain the interrupt trigger level for a duration sufficient to
complete the wake-up process and generate the interrupt.

The start-up time, determined by SUT and CKSEL Fuses, dictates how quickly the

microcontroller can respond to external events after waking from sleep.
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Figure 2.13 - Clock Distribution

2.15 Flash Clock — clkFLASH

The Flash clock synchronizes with the CPU clock and governs the operation of the

Flash interface, crucial for program execution.

Asynchronous Timer Clock domain independently drives the Asynchronous

Timer/Counter, supporting real-time counting even in sleep modes using an external

clock or 32kHz crystal.

The ADC operates in its dedicated clock domain, allowing halting of CPU and 1/0O

clocks to reduce digital noise, ensuring accurate conversion results.

Various clock sources are available and selectable via Flash Fuse bits, determining

the clock fed into the AVR clock generator and distributed to modules.
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Default configuration includes an 8.0MHz internal RC oscillator with CKDIVS
fuse, resulting in a 1.0MHz system clock. Start-up settings enable customization via
programming interfaces.

Start-up involves ensuring adequate VCC for clock oscillation and a defined
number of stable cycles for each clock source.

A timeout delay (tTOUT) from the Watchdog Oscillator, controlled by SUTx and
CKSELx fuses, ensures VCC is sufficient before releasing the reset condition.

BOD circuitry further safeguards against inadequate VCC by delaying reset release

until voltage stabilizes, enhancing system reliability.

2.16 Conclusion

The chapter is devoted to the analysis of fuctional possibilities of the ATmega
microcontroller, that stands out for its robust clock systems and comprehensive features,
designed to enhance functionality and performance across diverse applications.

Each aspect of its clock architecture, from the Flash clock governing the Flash
interface to the Asynchronous Timer clock facilitating real-time counting even during
sleep mode, demonstrates meticulous attention to detail and optimization for various
operational scenarios.

The microcontroller's versatility extends to its clock source options, providing
users with flexibility to fine-tune clock settings to meet specific application demands.
Furthermore, the inclusion of built-in safeguards, such as the timeout delay and startup
sequence, underscores its reliability by ensuring stable operation through monitoring
voltage levels and oscillator stability during initialization processes.

In essence, the ATmega microcontroller emerges as a compelling choice, offering
not only high-performance capabilities but also adaptability to suit a wide array of
embedded applications. Its sophisticated clock management features serve as a testament

to its commitment to delivering both reliability and efficiency in operation.
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3 IMPLEMENTATION OF THE MULTIMEDIA SUPPORT SYSTEM
SOFTWARE FOR MICROCONTROLLER SYSTEMS BASED ON ATMEGA328

3.1 System software description

Let us consider diagram with explanations for the provided code for multimedia
support system software for microcontroller systems based on atmega328.

The VGAX::begin(bool enable Tone) function sets up the necessary timers, pins,
and interrupts for generating the VGA signal. It disables the TIMERO interrupt, sets up
the audio pin (if enabled), configures TIMERI1 for vertical sync pulses, configures
TIMER?2 for horizontal sync pulses, and sets up the color output pins. Finally, it enables
global interrupts.

VGAX::end() function disables the TIMERO, TIMER1, and TIMER2 by clearing
their control registers. VGAX::clear(byte color) function packs the 2-bit color value into
a byte and then fills the entire framebuffer (vgaxfb) with the packed color value using
memset. VGAX::copy(byte src) function copies the contents of the source byte array into
the vgaxfb framebuffer using a while loop. VGAX:: fillrect(byte x, byte y, byte width,
byte height, byte color) function draws a rectangle on the display by iterating through the
height and width of the rectangle, checking if the current pixel coordinates are within the
display bounds, and then calling the putpixel () function to set the pixel with the specified
color. VGAX::tone(unsigned int frequency) function calculates the values for the afreq
and afreq0 variables based on the provided frequency to generate the audio modulation.
VGAX::no Tone() function disables the audio modulation by setting the afreq0 variable
to 0. VGAX::delay(int msec) function creates a delay of the specified number of
milliseconds by executing a loop with a series of NOP instructions. VSYNC interrupt
(TIMER1_OVF vect) is responsible for resetting the aline variable, setting the vskip
variable, incrementing the vtimer variable, and resetting the rlinecnt variable to prepare
for the next frame.

Here's a detailed explanations for the provided VGAX library code:
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1. Start VGAX Library is the entry point for the VGAX library, where the
initialization and setup processes begin.

2. Initialize VGAXTtrepresents the initialization of the VGAX library. It sets up the
necessary configurations, including the configuration of TIMERO, TIMERI, and
TIMER?2, the initialization of the framebuffer array vgaxfb, and the initialization of the
vertical timer vtimer.

3. VGAX contains the various functions provided by the VGAX library, including:

- putpixel(x, y, color): sets the color of a pixel at the specified coordinates in the
framebuffer.

- getpixel(x, y): retrieves the color of a pixel at the specified coordinates from the
framebuffer.

- putpixel4(bx, y, fourpixels): sets the colors of four pixels at the specified byte and
row coordinates in the framebuffer.

- getpixel4(bx, y): retrieves the color values of four pixels at the specified byte and
row coordinates from the framebuffer.

- clear(color): fills the entire framebuffer with the specified color.

- copy(src): copies the contents of the src array to the framebuffer.

- bitblit(src, swidth, sheight, dx, dy, color): blits (copies) a source image to the
framebuffer with transparency support.

- blit(src, swidth, sheight, dx, dy): blits (copies) a source image to the framebuffer
without transparency support.

- blit[n]Jaligned(src, sheight, dbx, dy): blits (copies) a source image to the
framebuffer with byte-aligned destination coordinates.

- fillrect(x, y, width, height, color): draws a filled rectangle in the framebuffer with
the specified color.

- print(fnt, glyphscount, fntheight, hspace, vspace, str, dx, dy, color): prints a string
of text in the framebuffer using the provided font definition.

4. Timing contains the timing-related functions provided by the VGAX library,

including:
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- delay(msec): pauses the execution of the program for the specified number of
milliseconds.

- millis(): returns the number of milliseconds elapsed since the vgax library was
started.

- micros(): returns the number of microseconds elapsed since the vgax library was
started.

- tone(frequency): generates a tone with the specified frequency.

- notone(): stops the tone generation.

It illustrates the relationships and interactions between the different components of
the VGAX library, providing a comprehensive overview of its functionality and structure.

The provided code defines a utility class called VGAXUtils that contains various
methods for drawing graphics on a VGA display using the VGAX library. The class
includes the following key components:

1. draw_line method implements line algorithm to draw a line between two points
on the screen. It handles both horizontal and vertical lines, as well as diagonal lines. The
draw_line safe version of this method also performs screen clipping to ensure that the
line 1s drawn within the screen boundaries.

2. draw_circlen method draws a circle on the screen, with an optional filled color.
It uses a modified version of the Midpoint circle algorithm to calculate the circle points
and draw them. The draw_circle safe version performs screen clipping to ensure that the
circle is drawn within the screen boundaries.

3. draw_rect method draws a rectangle on the screen, with an optional filled color.
It uses the draw_line method to draw the four sides of the rectangle. The draw rect safe
version performs screen clipping to ensure that the rectangle is drawn within the screen
boundaries.

4. draw_row and draw_row_safe methods draw a horizontal line of pixels on the
screen. The draw_row_safe version performs screen clipping to ensure that the line is

drawn within the screen boundaries.
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5. draw_column and draw_column_safe methods draw a vertical line of pixels on
the screen. The draw column_safe version performs screen clipping to ensure that the
line is drawn within the screen boundaries.

6. putpixel safe is a helper method that safely draws a single pixel on the screen,
performing screen clipping to ensure that the pixel is within the screen boundaries.

The flow diagram provides a detailed representation of the logic and functionality
of each of these methods, including the screen clipping and error handling mechanisms.
The subgraphs for each method clearly illustrate the step-by-step execution of the code,
making it easier for the user to understand the underlying logic and implementation.

Overall, the code provides a set of utility functions that can be used to create various
graphics and shapes on a VGA display using the VGAX library. The safe versions of the
methods ensure that the drawing operations are performed within the screen boundaries,
preventing any out-of-bounds errors or unexpected behavior.

Here's a detailed explanation of the provided code and a Mermaid flow diagram
representing its logic:Explanation of the Code:

1. The bitblit function is responsible for rendering a bitmap image on the display.
It takes the following parameters:

- src: pointer to the source bitmap data.

- swidth: width of the source bitmap.

- sheight: height of the source bitmap.

- dx: x-coordinate of the destination on the display.

- dy: y-coordinate of the destination on the display.

- color: color to be used for rendering the pixels.

2. The function initializes a pointer to the source bitmap data and then enters a loop
that iterates through the rows of the source bitmap.

3. For each row, the function reads a byte from the source bitmap and processes it

in two parts:
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- First Nibble (Higher 4 Bits): function checks if the current pixel's X-coordinate is
within the display's width, and if the corresponding bit in the source byte is set. If both
conditions are true, it calls the putpixel function to render the pixel on the display.

- Second Nibble (Lower 4 Bits): function performs a similar process for the next 4
pixels in the current row.

4. After processing the current row, the function moves to the next row by
incrementing the Y-coordinate and the source bitmap pointer.

5. The loop continues until the entire source bitmap has been processed and
rendered on the display.

The flow diagram provides a detailed representation of the code's logic and flow.
It includes the following key components:

1. The main bitblit function, which is the entry point of the code.

2. Subgraphs for processing the first and second nibbles of the source byte, which
handle the rendering of the individual pixels.

3. Detailed explanations for each step in the code, including the purpose,
functionality, and any relevant conditions or checks.

4. The flow of control between the main function and the subgraphs, as well as the
flow within the subgraphs.

This comprehensive flow diagram should help the user understand the code's
structure, logic, and the underlying functionality of the bitblit function. Here is a detailed
Mermaid flow diagram with explanations for the provided C++ code:The provided code
consists of two functions. VGAX::blit(byte src, byte swidth, byte sheight, char dx, char
dy) function is responsible for blitting (copying) a source image onto the VGAX
framebuffer. It first initializes the necessary variables, such as the source height, source
line pointer, and source line size. It then checks if the blit operation is fully within the
screen boundaries or partially clipped. If the blit is fully within the screen, it performs the
unclipped blit operation, iterating through each source line and setting the corresponding

pixels in the framebuffer. If the blit is partially clipped, it performs the clipped blit
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operation, checking the destination pixel coordinates and setting the framebuffer pixels
accordingly.

VGAX::blitwmask(byte src, byte mask, byte swidth, byte sheight, char dx, char dy)
function is responsible for blitting a source image onto the VGAX framebuffer using a
mask. It first initializes the necessary variables, such as the source height, source line
pointer, mask line pointer, and line size. It then performs the masked blit operation,
iterating through each source line and using the mask to perform an AND-+OR blit
operation to set the framebuffer pixels.

The flow diagram provides a detailed representation of the logic and flow of these
two functions, with explanations for each step, decision point, and key component. The
subgraphs clearly delineate the functionality of each function, and the annotations within
the subgraphs explain the purpose and behavior of the code. The provided code contains
two functions, VGAX::blit4aligned and VGAX::blit4, which are responsible for blitting
(copying) 4-bit images from a source buffer to the VGAX frame buffer.
VGAX::blitdaligned is used to blit a 4-bit aligned image, meaning the image data is
already aligned to the byte boundaries. It initializes the source and destination pointers,
then enters a loop that iterates through the rows of the image. In each iteration, it reads a
byte from the source buffer using pgm read byte() and writes it directly to the
corresponding location in the VGAX frame buffer. The destination pointer is incremented
by VGAX BWIDTH to move to the next row in the frame buffer. VGAX::blit4 is used
to blit a 4-bit image, handling various alignment and clipping scenarios. It first initializes
the source and destination pointers based on the provided dx (destination x-coordinate)
and dy (destination y-coordinate). It then checks for vertical clipping, ensuring that the
image is within the bounds of the VGAX frame buffer. If the image is partially or fully
outside the vertical bounds, the function adjusts the source pointer and height accordingly.
Next, it checks for horizontal clipping, ensuring that the image is within the bounds of
the VGAX frame buffer. If the image is partially or fully outside the horizontal bounds,
the function adjusts the destination pointer accordingly. Depending on the degree of

horizontal unalignment (0, 1, 2, or 3 pixels), the function calls different blit routines to
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handle the partial or fully aligned pixels. The Blit UnalignedLeft and BlitUnalignedRight
routines handle the cases where the image is partially outside the left or right side of the
VGAX frame buffer, respectively. They perform custom blit operations to handle the
partial pixels. BlitAligned routine handles the case where the image is fully within the
horizontal bounds of the VGAX frame buffer. It performs the appropriate blit operation
based on the degree of unalignment. The flow diagram provides a detailed visual
representation of the logic and flow of these two functions, with explanations for each
key step and decision point. The subgraphs for VGAX::blit4aligned and VGAX::blit4
clearly illustrate the functionality of each function, including the handling of alignment,
clipping, and the various blit operations.

The provided code contains three functions:

1. VGAX::blit8aligned(byte src, byte sheight, byte dbx, byte dy) function is
responsible for blitting (copying) an 8-bit aligned image to the video framebuffer. It takes
the source image pointer, the height of the source image, the x-coordinate of the
destination, and the y-coordinate of the destination. The function iterates through the
height of the source image and copies the pixel data to the corresponding location in the
framebuffer.

2. VGAX::blit8(byte src, byte sheight, char dx, char dy) function is responsible for
blitting (copying) an 8-bit image to the video framebuffer, handling various clipping and
alignment scenarios. It takes the source image pointer, the height of the source image, the
x-coordinate of the destination, and the y-coordinate of the destination. The function first
checks for vertical clipping, adjusting the source pointer and height if the image is
partially or fully outside the framebuffer bounds. It then checks for horizontal clipping,
handling cases where the image is partially or fully outside the framebuffer bounds.
Finally, the function iterates through the height of the source image and copies the pixel
data to the framebuffer, handling different alignment scenarios.

3. VGAX::blit8wmask(byte src, byte mask, byte sheight, char dx, char dy) function
is responsible for blitting (copying) an 8-bit image to the video framebuffer, using a mask

to selectively update the pixels. It takes the source image pointer, the mask pointer, the
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height of the source image, the x-coordinate of the destination, and the y-coordinate of
the destination. The function first checks for vertical clipping, adjusting the source, mask,
and height if the image is partially or fully outside the framebuffer bounds. It then checks
for horizontal clipping, handling cases where the image is partially or fully outside the
framebuffer bounds. Finally, the function iterates through the height of the source image
and copies the pixel data to the framebuffer, using the mask to selectively update the
pixels and handling different alignment scenarios. The flow diagram provided above
represents the logic and structure of these three functions in detail. Each function is
encapsulated within a subgraph, and the flow and explanations for the key components
are included within the diagram. The diagram highlights the different steps involved in
the blit operations, such as initializing pointers, handling vertical and horizontal clipping,
iterating through the source image, copying pixels, and updating the destination pointer.
The explanations provided for each step help to clarify the purpose and functionality of
the code. Overall, flow diagram provides a comprehensive visual representation of the
code's logic and structure, making it easier for the user to understand the underlying
functionality of the VGAX library. The flow diagram represents the ExampleLibrary,
which provides a set of classes and utility functions for working with VGA displays. The
main components of the library are:

- VGAX Class: provides methods for controlling the VGA display, such as drawing
pixels, blitting images, and clearing the screen.

- vgaxutils Class: Offers utility functions, including printing to the VGA display,
managing delays, and generating tones.

- Global variables: declares and initializes the global variables used throughout the
library, such as the VGAX and vtimer instances, and various constants.

3. The VGAX class contains methods for initializing and shutting down the VGA
display, as well as a wide range of functions for manipulating the display, including:

- putpixel() and getpixel(): set and retrieve the color of individual pixels.

- putpixel4() and getpixel4(): set and retrieve the color of 4 pixels at a time.

- clear(): clears the entire VGA display with a specified background color.
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- copy(): Copies the contents of one VGA buffer to another.

- bitblit(), blit(), blit4(), blit8(), blitwmask(), blit8wmask(), blitd4aligned(), and
blit8aligned(): perform various blit operations to copy image data from a source to a
destination buffer.

- fillrect(): fills a rectangular area of the VGA display with a specified color.

4. The VGAXUtils Class provides utility functions, including:

- printPROGMEM() and printSRAM(): print the contents of PROGMEM and
SRAM buffers to the VGA display.

- delay(), millis(), and micros(): manage timing-related functions.

- tone() and noTone(): generate and stop tones on a specified pin.

5. The Global Variables section initializes the VGAX and VTimer instances, as
well as various constants related to the VGA display dimensions and size.

6. The overall flow of the ExampleLibrary starts with the initialization of the
library, which sets up the necessary components and global variables. The library can
then be used to interact with the VGA display and utilize the provided utility functions.

Please note that this flow diagram does not contain any cycles or self-referencing
relationships, as per the provided guidelines.

VGAXLibrary Subgraph:

- Start: entry point for the VGAX library.

- initialize: set up the necessary pins and configurations for vga output.

- setresolution: determine the appropriate resolution based on the Arduino board
model (UNO or MEGA).

- UNOResolution is a configure the VGA output for 120x60px 2bpp on Arduino
UNO.

- MEGAREesolution is a configure the VGA output for 120x240px 2bpp on Arduino
MEGA.

- SetupVGASignal generates the necessary VGA timing signals (horizontal and

vertical sync) for the selected resolution.
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- SetupColorBuffer allocates and initializes the memory buffer for storing the pixel
data.

- End means that VGAX library has been successfully initialized and is ready for
use.

2. VGAXUsage Subgraph:

- UseVGAX: Interact with the VGAX library to display content on the VGA output.

- UpdateColorBuffer modifies the pixel data in the color buffer to change the
displayed image.

- RefreshVGAOutput is a trigger the VGA signal generation to update the display
with the new pixel data.

3. The VGAXLibrary subgraph provides the necessary functionality for the
VGAXUsage subgraph to interact with the VGAX library.

The flow diagram represents the initialization and usage of the VGAX library. The
library sets up the VGA signal generation and color buffer based on the Arduino board
model (UNO or MEGA). The usage of the library involves updating the color buffer and
refreshing the VGA output to display the desired content.

The provided code is a part of the VGAX library, which is responsible for rendering
text on a display. The code includes two main functions: printPROGMEM and
printSRAM, which handle printing strings stored in PROGMEM (program memory) and
SRAM (static random-access memory), respectively.

The printPROGMEM function takes the following parameters:

- fnt: a pointer to the font data stored in PROGMEM.

- glyphscount: the number of glyphs (characters) in the font.

- fntheight: the height of each glyph.

- hspace: the horizontal spacing between glyphs.

- vspace: the vertical spacing between lines.

- str: a pointer to the string to be printed, stored in PROGMEM.

- dx: the initial x-coordinate for printing.

- dyO0: the initial y-coordinate for printing.
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- color: the color to be used for printing.

The printSRAM function has the same parameters, but the str parameter points to
a string stored in SRAM instead of PROGMEM.

The key components and functionality of the code are as follows:

1. Print Loop: Both printPROGMEM and printSRAM functions have a main loop
that iterates through each character in the input string and performs the necessary actions
to print the character.

2. Character Handling: Within the print loop, the code checks the type of the current
character and performs the appropriate action:

- Newline character ("\n'): Resets the x-coordinate and increments the y-coordinate
to move to the next line.

- Space character (' '): Increments the x-coordinate to move to the next position.

- Valid glyph: Retrieves the glyph data from the font array, calls the bitblit function
to render the glyph on the display, and updates the x-coordinate.

- Invalid glyph: Increments the x-coordinate to move to the next position.

3. Bitblit Function: The bitblit function is responsible for rendering a glyph on the
display. It iterates through each row of the glyph, checks the pixel data, and calls the
putpixel function to set the appropriate pixels on the display.

4. PROGMEM vs. SRAM: The main difference between printPROGMEM and
printSRAM is the way they access the input string. printPROGMEM reads the string from
PROGMEM using pgm read byte, while printSRAM reads the string directly from
SRAM using pointer dereference (pstr++).

The Mermaid flow diagram provided above represents the structure and logic of
the code, with detailed explanations for each subgraph and component. The diagram
highlights the main functions, their interactions, and the step-by-step flow of the text
rendering process. The code appears to be well-optimized and efficient, with the use of
macros and inline functions to minimize function call overhead and stack usage.

However, there are a few potential areas for improvement:
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1. Error Handling code does not seem to have any explicit error handling
mechanisms. It would be beneficial to add checks for invalid input parameters or font
data to ensure graceful error handling and provide meaningful feedback to the user.

2. The bitblit function could potentially be further optimized by using more
efficient pixel drawing techniques, such as utilizing hardware-accelerated graphics
functions or optimizing the memory access patterns.

3. While the code 1s well-structured and commented, the extensive use of macros
and inline functions can make the code harder to read and understand. Considering
alternative approaches, such as breaking down the functionality into smaller, more
modular functions, could improve the overall readability and maintainability of the
codebase.

Overall, the provided code demonstrates a robust and efficient text rendering
implementation, with a clear focus on performance and resource optimization.

The detailed Mermaid flow diagram should help users understand the code's
functionality and structure, enabling them to effectively utilize and potentially enhance
the VGAX library for their specific needs.

Block diagrams of the algorithms are presented in Figures 3.1-3.4.

3.2 Implementation

3.2.1 Framebuffer implementation

The library implements a framebuffer with a resolution of 120x60 pixels, where
each pixel is represented by 2 bits (allowing for 4 colors).

On the Arduino MEGA, the resolution can be increased to 120x240 pixels.

The framebuffer is stored in SRAM and requires at least 1800 bytes.
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of SRAM. On the ATMega2560, you have more SRAM available, but if you expand the
framebuffer to 120x240 pixels, you'll have 800 bytes of free SRAM remaining.

byte, the leftmost pixel is in the highest 2 bits, and the rightmost pixel is in the lowest 2

bits.

This means that on an ATMega328, your programs cannot use more than 200 bytes

The VGAX framebuffer uses 2 bits per pixel, storing 4 pixels per byte. In each

Hl

h

Set pixel (row, y) with
color ©

b

Set pixel (row, yi) with
color ¢

h J

F

Set pixel (row, y0) with
color ¢

k4

Increment v by one

b4
Kineus

Figure 3.3 - Block diagrams of the algorithm
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v

Set the pixel of the specified
color ¢ to the position (row,
yil) on the screen

¥

Exchange of values of two
variables v and ¥l using
an additional vanable tmp

L
il e

¥

h 4

Draw a vertical line of
pixels in a safe way

]

End

Figure 3.4 - Block diagrams of the algorithm

Video formation is presented in figure 3.5.
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Figure 3.5 — Video formation
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On the Arduino MEGA (ATMega2560), the framebuffer can be expanded to
120x90 pixels with square pixels or to 120x240 pixels with rectangular pixels. To enable

these alternative resolutions, you need to uncomment the corresponding constants in the

VGAX_.h header file.

3.2.2 Audio implementation

The audio library provides asynchronous tone generation. The audio signal is
produced in approximately 15 clock cycles during the VGA horizontal back porch,
resulting in low-quality audio suitable for simple melodies.

You can use the tone(frequency) and noTone() functions to control the duration of
the notes.

The buzzer should be connected to the AO pin. The implementation requires two
470-ohm resistors, two 68-ohm resistors, and a DSUB15 female connector.

Refer to the schematic shown in Figure 3.6 and Figure 3.7 for the connection

details.
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Figure 3.6 — System connetions
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Figure 3.7 - System connetions

3.2.2 Colors implementation

The four colors produced by the library are not preset. On an Arduino UNO, you
can connect pins 6 and 7 to any two of the RGB pins on the VGA DSUBI15 connector,
allowing you to choose your preferred color combination.

Various possible combinations can be achieved without additional components, as

illustrated in Figures 3.8-3.13.
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Figure 3.8 - Colors implementation
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Figure 3.9 - Colors implementation
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Figure 3.10 - Colors implementation
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Figure 3.11 - Colors implementation

AYLIZIT

WoAX OUTPUT COLORS

11

Figure 3.12 - Colors implementation
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VGAX QUTPUT COLORS

AYLI9Iq

11

Figure 3.13 - Colors implementation

Pin 6 and pin 7 on the Arduino MEGA should be changed to pin 30 and pin 31, but
the same color selection logic applies to the MEGA.

3.2.3 Video Generation

Video generation is handled using PORTD, so none of the PORTD pins can be
used for other purposes. The vertical synchronization signal is generated on pin 9. While
Gammon's version uses pin 10, I prefer to keep pins 10, 11, 12, and 13 available for
common SPI usage. On the Arduino MEGA, PORTD is replaced by PORTA, with
vertical sync on pin 11 and horizontal sync on pin 9.

The VGAX library generates the video signal using interrupts, allowing you to
perform other tasks within the main() function. The code generates line pixels within the
main function. However, I prefer to handle line generation within interrupts to free up the
MCU for other tasks, such as running games or playing sounds.

Note that adding other interrupts will disrupt VGA signal generation. The library
uses all three timers of the ATMega328 MCU. On the ATMega2560, additional unused
timers are available. TIMER1 and TIMER2 are configured to generate HSYNC and
VSYNC pulses, with setup code originally created by Nick Gammon, modified to use pin
9 instead of pin 10. On the ATMega2560, HSYNC and VSYNC pins are different.

TIMERO is used to address interrupt jitter. I've adapted an assembler trick
originally written by Charles CNLOHR. By default, TIMERO is used by Arduino to
implement certain functions. Instead of using those functions, you should use the

alternative versions provided by this library.
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3.2.4 Pixel implementation

This is a simple example of putpixel4 function. The putpixel4 function put 4 pixels
at a time (Figure 3.14).

Figure 3.14 - Result

This example show the copy function. The copy function copy all pixels from an
array of bytes. The array must be stored in PROGMEM and the size of the array must be
equal to the VGAX framebuffer:

VGAX BWIDTH VGAX HEIGHT

(30 60)

Note that the size in bytes is calculated using BWIDTH instead of WIDTH, because
pixels are packed into bytes (4 pixels in one byte).

3.2.5 Font implementation

Creating a font from a single image using 2bitfont involves several steps.

Setting Up the Environment includes the installation of Python:
bash
pip install pillow
pip install 2bitfont
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https://github.com/smaffer/vgax/blob/master/docs/pirate.png

Then we have to prepare the image and ensure our image is a black-and-white
bitmap where each character is distinct and properly aligned in a grid.
To prepare the image we have to convert it to bitmap to a 1-bit per pixel bitmap.

This can be done using an image editor or programmatically with PIL.
python
from PIL import Image
# Open the image
image = Image.open ("path to your image.png")
# Convert the image to black and white
bw image = image.convert ("1")
# Save the converted image

bw image.save ("bw_ image.bmp")

After that we have to crop individual characters. This can be automated if the

characters are in a grid:
python
def crop characters(image path, char width, char height,
output dir):
image = Image.open (image path)
img width, img height = image.size
num chars x = img width // char width
num chars y = img height // char height
for y in range (num_chars y):
for x in range (num_ chars x):

left = x char width

upper y char height

right = left + char width

lower = upper + char height

char image = 1mage.crop ((left, upper, right,
lower))
char image.save (f"{output dir}/char {ynum chars x + x}.bmp")

crop characters ("bw image.bmp", char width=8§, char height=8,

output dir="chars")
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Step 3 is the ctection of the font via 2bitfont”

1. Initialize 2bitfont and create a new font object and add each character to the font.
python
import os
from bitfont import Font, Glyph
font = Font ()
char dir = "chars"
char files = sorted(os.listdir (char dir))

for i, char file in enumerate(char files):

char image = Image.open (os.path.join(char dir,
char file))

pixels = list(char image.getdata())

width, height = char image.size

bitmap = [pixels[i width: (i + 1) width] for 1 1in

range (height) ]
glyph = Glyph (bitmap)
font.add glyph(chr (32 + 1), glyph) # Start at ASCII 32
(space)
# Save the font
with open ("custom font.bf", "wb") as f:

font.save (f)

To use the font, we have to load the f in the application:
python
from bitfont import Font
with open("custom font.bf", "rb") as f:
custom font = Font.load(f)

# Now you can use custom font to render text in your

application

Results of usage of the application is presented in Figures 3.15-3.19.
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Figure 3.16 - Device
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Figure 3.19 - Device
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3.6. Coclusions

This chapter has detailed the implementation of a special system software serving
as a VGA library for both Arduino UNO and Arduino MEGA. This library facilitates
VGA color video production by requiring only a minimal setup of 4 resistors and one
DSUBIS connector.

It operates efficiently on an ATMega328, offering resolutions of 120x60px with 4
colors per pixel, stored in a framebuffer within SRAM.

Additionally, an adaptation of the VGAX library for ESP8266 extends support for
resolutions up to 512x480px with 1bpp framebuffer.

The chapter also introduces audio functionality, enabling asynchronous tone
generation within the VGA horizontal back porch, albeit with limited quality. Finally,
considerations for color selection and pin usage are outlined for optimal performance on
Arduino UNO and Arduino MEGA platforms.

With these implementations, users can delve into a diverse range of projects
involving VGA video generation and simple audio output, opening up avenues for

creative exploration and experimentation in the realm of Arduino programming.
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CONCLUSIONS

The first chapter delves into the intricate and essential aspects of sound codecs,
highlighting their significance, functionality, and application in modern digital systems.
The exploration begins with the fundamental concept of sound codecs, providing a
foundational understanding of their role in encoding and decoding audio signals.

This lays the groundwork for appreciating the relevance of sound codecs in various
applications, especially in data compression.

The second chapter is devoted to the analysis of fuctional possibilities of the
ATmega microcontroller, that stands out for its robust clock systems and comprehensive
features, designed to enhance functionality and performance across diverse applications.

Each aspect of its clock architecture, from the Flash clock governing the Flash
interface to the Asynchronous Timer clock facilitating real-time counting even during
sleep mode, demonstrates meticulous attention to detail and optimization for various
operational scenarios.

The third chapter has detailed the implementation of a special system software
serving as a VGA library for both Arduino UNO and Arduino MEGA.

This library facilitates VGA color video production by requiring only a minimal
setup of 4 resistors and one DSUB15 connector.

It operates efficiently on an ATMega328, offering resolutions of 120x60px with 4
colors per pixel, stored in a framebuffer within SRAM. Additionally, an adaptation of the
VGAX library for ESP8266 extends support for resolutions up to 512x480px with 1bpp
framebuffer.

The chapter also introduces audio functionality, enabling asynchronous tone
generation within the VGA horizontal back porch, albeit with limited quality. Finally,
considerations for color selection and pin usage are outlined for optimal performance on

Arduino UNO and Arduino MEGA platforms.
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With these implementations, users can delve into a diverse range of projects

involving VGA video generation and simple audio output, opening up avenues for

creative exploration and experimentation in the realm of Arduino programming.
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Annex A
(required)

Copy of the drawing “Device scheme”
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Annex B

(required)

Copy of the drawing “Flowchart of the algorithms”
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Annex C

(required)

Copy of the drawing «Flowchart of the algorithms»
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MIHICTEPCTBO OCBITH I HAYKHA YKPAITHU
XMEJIbHULIbKUHY HALIIOHAJIbLHUM YHIBEPCHUTET

PELIEH3ISI HA KBAJI®IKALIMHY POBOTY

Hunnomuuk: Oddyn-Kyaite Hana Ama
Tema: CucremHe nporpamue 3abe3nedyeHHs MiATPUMKH MyJbTHMEIa I
MIKPOKOHTPOJIEPHUX cHcTeM Ha 0a3i ATMega328

Cnewianbhicte: 123 «Komn’otepHa iHXeHepis»

O6csr kBanidikariitHoi poboTH:

KinekicTh JTHCTIB KpeclieHb 3 KinbkicTh CTOpiHOK 3anucku 67

1. Kopotkuii 3MicT poGOTH Ta NpUHHATHX pilleHb: MeTOM AUILIOMHOI poOOTH €
po3poOKa CHCTEMHOrO IPOrPaMHOro 3abe3NevyeHHs MyJIbTHMEIIHHOI  MiATPUMKH
MIKPOKOHTPOJIEPHUX cHcTeM Ha 6a3i ATMega328.

2. BHCHOBOK NpO BIIMNOBIAHICTE POGOTH AMIUIOMHOMY 3aBlaHHIO: PoGoTa MOBHICTIO
BIIMOBIIA€E NMOCTABIEHOMY 3aBJIaHHIO.

3. XapakTepHCTHKa BUKOHAHHS KOKHOTO pO3IUTY, CTyNiHb BUKOPUCTAHHS OCTAHHIX
JIOCATHEHb HAYKHM 1 TeXHIKH 1 mepenoBUX MeToAiB pobortu: [lepumii posxin posrnsaae
aCleKTH 3BYKOBMX KOJZIEKiB, BHUCBITIIOIOYM IXHE 3HA4Y€HHs, QYHKUIOHAIBHICTH |1
3aCTOCYBaHHsd B Cy4YacHHX UUbpoBHX cHucTeMaX. JlOCHiMKeHHS MOYMHAETBCS 3
byHIaMeHTaILHOI KOHLIEMNIl 3BYKOBHX KOJEKIB, 110 3a0e3nedye po3yMiHHs iXHBOI poii B
KOJIyBaHHI Ta JIeKOoQyBaHHI ayaiocurHaiiB. Lle 3aknagae ocHOBY Julst pO3yMiHHS BaXKJIHBOCTI
3BYKOBHX KOJIEKiB JUIsl pi3HUX 3aCTOCYBaHb, OCOOJIMBO AJIsi CTHCHEHHS JaHUX.

Jlpyruii  po3ain  NpUCBAYEHO  aHamizy  (PYHKUIOHAIBHMUX  MOXJIHBOCTEH
MikpokoHTpoJepa ATmega, AKUH BHPI3HAETBCA CBOIMH HANIHHUMH CHUCTEMAMH TAKTOBOI
4acTOTM  Ta  LUMPOKMMHM  MOXJIMBOCTAMM,  TMpPHU3HAYEHHUMH  JUISL  [iABHILEHHS
(GYHKLIOHAILHOCTI T4 NPOAYKTUBHOCTI B pI3HOMaHITHUX JojarkaXx. KoeH acnekt
apxiTekTypu roauHHuka, Big Flash-ronunnuka, mo «kepye Flash-intepdeiicom, no
aCMHXPOHHOIO Taiimepa, 110 3abe3neyye BiUIK Yacy B peallbHOMY 4aci HaBiTh Yy CILISYOMY
PEeXHMI, JIEMOHCTPY€E peTesibHy yBary J0 Jietajieil Ta onTUMisauifo s pisHHX poOoumX

CLIEHapIiB.



Tperiii po3all po3riinae jetasti peaiizauii IpOrpamMHOro 3abe3nedeHHs uist 00poOKH
aymiohaiinis Yy KOHTEKCTi BOYNOBaHHX cucTeM abo MyJIbTHMELIiHAX TIPOEKTIB. 3a
JIOTIOMOTOI0  METOJANYHOT JOKyMeHTallli Ta KOIyBaHHsi KOIY MOSICHIOEThCS ~ KOXKEH
KOMIIOHEHT, 3a/lisHHi B yNpaBIiHHi ay niogaitnamu. OCHOBHA yBara TIPUALISAETCS PI3HUM
3arooBHMM (aitnam Ta iXHIM BLAMOBIAHUM pealtizaiisM, IO Bif06paXkaroTh OCHOBHI
OyniBenbHI  OJIOKH, HeoOXinui mis  HaziiiHol Ta yHiBepcaJlbHOI  CHCTEMH 00poOKH
ayaio¢aitnis.

4. T103WTHBHI CTOPOHH POOOTH: BUCOKA MPAKTHHHA [iHHICTH POOOTH.

5. HeraTHBHI CTOPOHH pOOOTH: HEOCTATHS yBara aHaJli3y aHajoram CHCTEM.

6. Ouinka rpadiuHoro odopmIeHHsT Ta [OSICHIOBAIBHOT ~ 3aICKHM  pOOOTH:
[ToscuioBabHA 3anmucka ogopMileHa KOPEKTHO, 3rigHO [AiI0UMX CTaHIapTiB ohopMIIEHHS
JOKYMEHTALll.

7. Biaryk npo poGoTy B LiIOMY: PoGoTa BUKOHAHA Ha HAJIE)KHOMY TeXHIYHOMY piBHI.

8. IHm 3ayBaXXeHHs:

9. Owuinka aursioMHoi pobotu: 106pe, C

PeuensenT (pi3Buie, iM’s, IO 6aThKOBI, Mocaaa, Micle poboTH)

Koperbka JI.O., K.T.H., JOUEHT, JIOLCHT xabeapy ABTOMAaTH3aIlil, KOMII' FOTEPHO-

1HTerpoBaHM1 TeXHOJIOT1H Ta pPOOOTOTEXHIKH

“ (o » 0¢ 2024 p. {/w - (miamuc)
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3asiaysauy kadeapu KIIC
A-p.TexH.Hayk, npod. 'oBopymenko T. O.

Hana Ama
I16 3p06yBayua BULLOf OCBITH

O®IT, 4 xypcy, rpynu KI2in-20-1

3ASBA

3 mpaBunamm umnHOro Ilonoxenns «[Ipo cucTeMy 3abe3ledeHHs —aKaJleMiqHOl
no6podecHocTi y XMeTbHHILKOMY HalioHanpHOMy yHiBepcuTeri» Bim 01.07.2022, 3riaHo 3
SKHM BHSBJICHHS ILIariaty € MifCTaBOIO JUIA BiIMOBH B JoMycKy KBaridikauiiuoi po6otu 10
3aXMCTy Ta 3acTOCYBaHHS 3aXOMiB JHCHMIUTIHADHOI Ta aKaJeMi4HOi BilIOBIATLHOCTI,
o3Haifomyienmii (a). ITpo BHKOPMCTAHHS NPOrPAMHO-TEXHIYHMX 3aco0iB Ui  MEPEBIPKH
kBamidikaiiHux pob6iT 3106yBayiB BHINOI OCBITH Ha IUIAriaT onoBimeHui(a) Ta Halalo CBOKO
3roxy Ha 0OpOOKY Ta 36epeikeHHs YHiBEpCHTETOM MO€i poGOTH B IHCTHTYHiHHOMY perno3uTapii
YHIBEPCHTETY.

Takox HaJal0 YHIBEPCHTETY IIpaBO Ha Iiepellady Moe€i pobotd ans oOpodku Ta
36epexkenHs B 6a3ax JaHMX [poOrpamMHO-TexHiuHuX 3aco6iB (Unicheck Ta Anti-Plagiarism) ta
BHKOPHMCTAHHs pOGOTH JUIs BUSBICHHA IUIariaTy B iHIIMX po0OTax, fKi MepeBIPsIOTHCS
IIPOrpaMHO-TEXHIYHUMH 3ac00aMH Ta KOPMCTYBayaMH, 10 MArOTh AOCTYI J10 UHMX IPOrpamHo-
TexHIYHMX 3ac00iB, BAKIIOYHO B 0OMEKEHNX LIJIAX JUIS BUSBIEHHS TUIariaty B TEKCTaX pooirt.

PoGoTa mid MepeBipKM YHIBEPCHTETOM HAJA€ThCS B JIPYKOBAHOMY Ta €JIE€KTPOHHOMY
BapianTi. EnekTpoHHa Bepcis Moei po0oTH 36iraeThes (iAeHTHYHA) 3 IPYKOBAHOIO.

22 xBiTHaA 2024 poky



PILIEHHS EKCITEPTHOI KOMICIT
KA®EJIPY KOMITTOTEPHOI IHOKEHEPIT TA IHOOPMALIIMHUX CUCTEM
I1TPO JIOTTYCK KBAJII®IKALIAHOI POBOTH JI0 BAXUCTY

[1inTBEp/KYEMO O3HAMOMIICHHS 3  pe3yJIbTaTOM 3BiTy TmoAiGHOCTI 1070 PpoboTH,
TeHEpPOBAHOTO CHCTEMOIO BUSABJICHHS TEKCTOBUX 36iriB/iIe HTHYHOCTI/CXOKOCTI:

HazBa: CuctemHe nporpamHe 3abe3aneyeHHA NiATPUMKH My/IbTUME/lia 418 MiIKDOKOHTPO/IEPHUX
cucrtem Ha 6a3i ATMega328

ABTOP: Oddyn-Kyaite Hana Ama

CrneuianbHiCTh: 123 — Komn'loTepHa iHxeHepis

OcBITHS porpama:__0ocBiTHbo-npodeciitHa

HayxoBuii KepiBHUK: Nucenko Ceprit Mukonaiosuy, A.T.H, Npodecop

[Ticns aHanizy 3BiTy nomibHOCTI 3p00JIeHO TaKMi BUCHOBOK:
Ne BHCHOBOK [To3nayka npo

BiUIOBIIHICTD

1 i;i?ﬁ;“:ei}:,};z’usl;:iﬁ:; | B pobOTi, € 3AaKOHHUMHM | He € MuiariaTom. PoGota BiImOBiAE
2 BHSB/ICHI 3aMO3MUYEHHA HE € IUIAriaToM, PO3MilleHi B PO3IiNax, siKi HE OMHUCYHOTh

6e3nocepeIHbO aBTOPChKE IOCHTIDKEHHS, ane KiIbKiCTh LMTAaT NepeBHilye obcHr,
BHMPaBJaHUIl OCTABIEHOI MeTOI0 poboTH PoboTa mpuiAMaeThCs 10 3aXUCTY, ajle
Mae OyTH BimKopurosaHa. BinkopuroBanuil BapiaHT Mae OyTH TOJaHMA Ha
xadeapy 3a 2 AHI 10 3aXMCTY, Pa3oM i3 3asBOKO LIOJO CaMOCTIMHOCTI BUKOHAHHA
TMCHMOBOT POGOTH Ta iAEHTHYHOCTI APYKOBAHOI Ta eNEKTPOHHOT Bepcii poboTH

3 BusiBIeH] 3aM03MYCHHS HE € IUIariaToM, ajle 4acTKOBO pO3MilleHi B po3sainax, siki
OTIHCYI0TH Ge3nocepeiHbO aBTOPChKE AOCHIUKEHHA, a KiNbKICTh LIMTAT MEPEBHLIYE
06csT, BUMPaBAAHHH NOCTABIEHOIO METOIO POGOTH. B 38’s3Ky 3 UMM MeTa poboTH
Ta TOCTABNEHi 3aBIaHHA He Oynu pocarHeHi. PoGoTa mMoxe OyTu pomyuieHa 10
3axucTy (HaCTyNHOrO PoKy) mic/s Toro sik Oyne BiZIKOpMrOBaHa Ta JOMpallbOBaHa i
yCrillHO Mpofie MOBTOPHY NepeBipKy Ha akaJeMi4yHHii nnariar.

4 Po6oTa MICTHTbL HABMHMCHI TEKCTOBI CMIOTBOpEHHS, nepeadadyBaHi cpoOH yKpHTTS
jano3MdeH» abo iHWI mnpoABM akaaeMmiuHoro mnariaty. Pobota MICTHTB
dhabpukauiro a6o panbcudikaLiio JaHHX. Po6oTa He I0MyCKaETbCs 10 3aXHCTY.

ITiaTBEepUKEHHS:
3ano3uueHHs, BUSABJIEH] B pobOTi, € 3aKOHHHMH i He € I1ariaToM, OCKIJIbKH:
1) 3amo3uueHHs po3MilleHi B po3ainax aHaNi3y iCHYIOUMX QHAJIOTIB Ta MPOTOTHINIB, SKi HE ONHCYIOTH
Ge3nocepeIHbo aBTOPChKE 0CIIDKEHHS 1 HE CTOCYIOThCA pe3ynbTaTiB podoTH;
2) yci 3ano3uyeHHs GparMeHTapHi, a0 MalOTh HAIEKHAM HHHOM 0(hOpMIICHHI MOCHIAHHS;
3) okpemi BusBjieHi 30irM € 3arajJbHOBKWBAHUMH dpazamu aGo BMpazaMMi, MpPO WO CBIAYMTH
[1OCHIAHHS CHCTEMM Ha 36ir 3 10-40 [pkepenaMH Ha OIMH (PPAarMeHT PEUCHHS;

CymapHuii ~ ofcar — BCiX  3ano3n4eHb, BU3HAYEHWI  CHCTEMOIO  BHsiBJIGHHs  30iris/
iienTunocTi/cxokocTi, ciiapae 5.44% i aapecyeTbes 10 109 nepluiopkepena, Wo, 3 YpaxyBaHHAM
HapejleHUX OOIpyHTyBaHb, BIAMOBILA€ XapaKTEpy HayKOBOro JOCTI/DKEHHA | CBIUMTb HA KOPHCTb
kpanidikauiinHoi poboTy.

) C.M. JluceHko
I'apant OI1 é / ﬁ /I _~—  C.M. JluceHko
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KepiBHHK pobOTH

3apinysay kadeapu KIIC T. O. l'oBOpYLLEHKO






