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OO6'ekToM mociimkeHHs KBadidikamiiiHOT poOOTH € TEXHOJOTil Ta METOIU
TpaHCJISALIT TeneBi3iiHOro curHainy depe3 |IP mporokon, a Takox pospooka IPTV
MPUCTaBKHU Ha OCHOBI MiKpokoMIl totepa 3 ARM apxiTekTyporo.

Mertoto nanoi kBamiQikaiiitHoi poOOTH € JOCIIIKEHHS 0COOIMBOCTEN TEXHOJIOT1i
IPTV, BusHaueHHs ii mepeBar Ta HEAOJIKIB, O3HAMOMIICHHS 3 PI3HUMH MOJEISMU
MIKpOKOMIT 10TepiB Ta 3 apxiTekryporo ARM. Po3pobka IPTV mnpucraBku Ha OCHOBI
Mmikpokom torepa Raspberry Pi 4 Model B, BcTaHOBIeHHS OmepaiiifHOi CHCTEMH Ta
HEOOX1HOTO POTrPaMHOI0 3a0€3MECUCHHS.

3anaui JOCIKEHHS:

1. JJocmimxeHus ocodnuBocTer TexHoorii IPTV.

2. JlocnimpkeHHs: MoieNiel MIKpOKOMIT t0TepiB Ha ocHOBI ARM.

3. JlocmimkeHHsT TPOrPaMHOTO 3a0e3MeYeHHSI.

4. JlocmpKeHHS HalamTyBaHb Mikpokowmm 'rotepa Raspberry Pi 4 Model B B
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ABSTRACT
qualification work "Research of devices based on ARM architecture in IPTV

technology"

The work contains 73 pages, 24 illustrations, 8 tables, 15 sources used, 2 additions.

Key words: IPTV, television, microcomputer, ARM, technology, media player.

The object of research of qualification work are technologies and methods of
television signal transmission via IP protocol, as well as development of IPTV set-top
box based on microcomputer with ARM architecture.

The purpose of this qualification work is to study the features of IPTV technology,
determine its advantages and disadvantages, to get acquainted with different models of
microcomputers and ARM architecture. Development of an IPTV set-top box based on
the Raspberry Pi 4 Model B microcomputer, installation of the operating system and
necessary software.

Research objectives:

1. Research of features of IPTV technology.

2. Research of ARM-based microcomputer models.

3. Software research.

4. Research the settings of the Raspberry Pi 4 Model B microcomputer as an IPTV

set-top box.
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BCTYII

Jlany po6OTy MPHUCBSYECHO TOCIHIKEHHIO MPUCTPOiB HAa 0cHOBI ARM apxitekTypu
B TexHoJorii IPTV. B nepury uepry, inTepec 10 11i€i poOOTH BUKIUKAE ii aKTyaJbHICTb.
[lo-npyre, 11e 1a€ MOXKIJIMBICTh BUBYATU Ta 3aCTOCOBYBATH OCHOBU MPOEKTYBAHHS, 1110
MO>KE CTaTh B Haroji y moOyTi. He Tak maBHO MU 1 HE MOTJIH COO1 ySIBUTH, SIK1 TOTaTKOBI
GbyHKIT OyayTh JOMOBHIOBATH, 3JaBajiocs O, 3BHYANHICIHBKMM TeneBi3op. ChorojH1
JIOMHI HE TTOTPIOHO BUTpPAYaTH yac HAa TOPTaHHS KaHAIB, HAMAralounch 3HAWTH IIOCh
IikaBe, a00 BIJKJIQJaTH BCl CBOi CIpaBd 1 OIFTH JI0 €KpaHIB B INEBHY T'OJWHY, 100
nepernsIHyTH yiato0aeHnit ¢iapM. 3aBasky TexHouorii IPTV Mu MmojkemMo 3MiHIOBaTH XiJ1
MOBJICHHSI CaMOCTI1iHO. 3apa3 MU 0€3 ®KOAHUX TPOOJIEM MOXKEMO CKJIaJaTH BJIACHI apXiBU
3 yro0eHuMu (GUIbMaMH Ta cepiajlaMu, My3UKo10, (potorpadisim, TMBUTHUCS Bce 1€ 0€3
peKjiaMy, CTaBUTH Ha Tay3y B OyIb-IKUH MOMEHT, NEpersaaTH MOMEHTH, SKI
cnonobanucs. Takox MOXHA MIJKIIOYATUCA N0 I1HTEPHETY, BIJIBIAYyBaTH Opaysep,
COIllaJIbHI MEPEXK1, HAaBITh 3aITyCKaTH JCSKI ITPH.

IPTV ne igHoBamis, sika 3’sBHIacs BIJHOCHO HEJABHO 1 IoYaia 3aMIHATH 1HII
1dpoBi Ta aHAJIOTOBI cHCTEeMH MOBJeHHA. IlosBa HOBOI TeXHOJOTIi MOBJICHHS CTajia
3HAYHOIO TIOMI€I0 1 TPOMOHYBaJa TUsadyaM aOCOJIOTHO HOBY 1JICI0 TEpersiay
TenebaueHHd 3a JONOMOIOK IHTEpHETy 3 OararbmMa pI3HHUMH JIOAATKOBUMU
MO>KJIMBOCTSIMH, Ha BIIMIHY B1JI CTaHAApTHOTO TeiaebaueHHs. Bee e MoXkHa oTpuMary,
SKIIO MIIKIIOYATA 1O TeneBizopa creuianbHuid npuctpii — IPTV mpucrtaBky. Llei
NPUCTPIA TMpU3HAUYECHUW ISl po3lmMdpyBaHHA 1HQOpMaLIi, sfKa MNEpelaeTbCs Yepe3
IHTEpHET 3a MPOTOKOJIOM JaHuM mpoBaiaepoM. [IpucraBka [PTV mo3Bomsie Tak camo
BUKOPHCTOBYBATH 1 30BHIIIHI HakonuuyBayl, Taki sk USB-¢rem, xopctkuil nuck adbo
TelneOoH B pEXUMI HAKOMUUyBaya, IO Ja€ MOXJIMBICTH B OyJb-IKMH MOMEHT
NOAUBUTHUCS OyIb-akuil Meaia-gaiin. Kpim nepepaxoBanoro Buiile, npucraska [PTV me
H BIIMIHHUN NPOBIAHUK B CBIT SIKICHO HOBOI'O MOBJICHHS: OUIBIIICTh TEJICKAHAJIB
npeacrasiaeso B HD, nesiki Haite B FUullHD, 1mo akryamsHo mis TB 3 mmpoxumu
ekpanamu. 3 2018 poky 06a3u npoBaiijiepiB Moyaau JOMOBHIOBATUCS TEJEKaHAIaMHU Y

dbopmari ynpTpaBucokoi gitkocti 4K UHD.
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B nmaniit poGoti, okpim camoi TexHojorii IPTV, Takox OyayTh pO3TJISHYTI
nonyJisipHi Mikpokomm 'totepu 1 ARM apxiTekTypa Ha siKiii BOHM 3aCHOBaHI.

Ha cprorogni ARM € HailOubII TOMyNISPHOIO apXiTEKTYpolo 1 3aiiMae 75 % Bcix
nopratuBHuX 32-0iTHux RISC mpouecopiB. Ilpomecopy ARM 3acTOCOBYIOTHCS Y
OaraTboX MpHUCTPOsiX (MOOUTBHI Tenedonu 1 cmaptdonu, muanmeru, KIIK, mudposi
ayJioTIICEPH, KAJIbKYJISITOPH, irpoBi KOHCOJTI, MIKPOKOMIT FOTEPH,
Mapuipytuzatopu, NAS-cepsepu, armapatHi OpaHaMayepu, TOIIo). A Ternep po3risHeMO,
10 K TaKe MIKPOKOMIT IOTEp.

MiKkpOKOMIT I0TEp - TEPMiH JIsl KOMIT I0T€pa, 3aCHOBAHOTO Ha MiKpompoIecopi. Ak
paBuiIo, BOHU 0a3yroThcs Ha apxiTekTypi ARM, sika HecymicHa 3 [IK IBM 31 cBoimMu
MOXJIMBOCTSAMH Ta MPOAYKTUBHICTIO, HAMOIM>KYUMHU 10 cMapThOHIB O€3 eKpaHy, alie 3
BijeopuxoqoM HDMI. IlpusHaueHHsM 1ux koM toTepiB € HaByanbHi IIK, menia-
LEHTPH, JOMAIIIHI CEPBEPH, KOMII FOTEPH YIIPABIIHHS B PI3HUX MPOEKTAX, IO LIKABJIATh.

B po0oTi po3risimatuMyThCs TOMYJSPHI MOJIENl MIKPOKOMIT IOTEpIB, iXHI
XapaKTEePUCTUKH, Ta 32 SKUMU KPUTEPIsIMU MOTPIOHO iX oOupaTtu. byne o6paHo oaun
NPUCTPIN 1 HA oro ocHOBI po3pobiseHo IPTV mporpaBau 3a 1OMOMOIOIO BiANOBIIHOT

oTepariiHol CHCTEMH.
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1. JOCJHIJUKEHHS TEXHOJOTTI IPTV. HPUMHIMM JIIi, CTPYKTYPA
TA OCJIYTH

1.1 TexuoJaoria IPTV

IPTV (Internet Protocol Television) siBasie co600 cydacHy TEXHOJIOTIO, sIKa, Ha
BIIMIHY BiJl e]ipHOro, KaOeJbHOr0 1 CYMyTHHUKOBOI'O, IO IPEJACTaBISIOTH COOO0IO
TpaauIiiHI BUIU HUPpPOBOro TtenedaueHHs, mepedae naHi mo mporokony [P. Cama
CHCTEMa IIJIKOM 31 CBITOBOIO NMAaBYTHMHOIO HIYMM He moB's3aHa. I{ikaBo 1 Te, mo IPTV
PO3BUBAETHCS TEPEBAKHO 3a PAaxXyHOK KOIITIB, SIKI HAJAlOTh TEJIEKOMYHIKAIlIiHI
KOMIIaHii 1 onmepaTopu, 110 MPOMOHYIOTh KaOebHI IM(POBI 1 CyNMyTHUKOBI nociiyru. He
CJIJI TTyTATH 3 IHTEPHET-TEeNCOAUCHHSIM, SIKE TTePEAAEThCS TOTOKOBUM BIJIEO 1 IOCTYITHO
KOpHCTYBa4eBi 0e3 yJacTi MoCepeAHHUKIB, TOOTO KoMIaHii — omepaTopis [1].

I[PTV HoBe nokomiiHHs TenebadeHHs. Ll TexHoJOris 103BOJISIE KOPHUCTyBayaM
OTPUMYBATH 1JI€AJIbHY SKICTh 300paX€HHS 1 3BYKY, 3HAYHOIO MIpPOI0 PO3ILIUPIOE
MO>KJIMBOCTI T€I€0aueHHs, 32 TOOMOIOI0 10JJaBaHHA TOJATKOBUX CEPBICIB, TAKUX SIK:

» OnaitH KiHOTeaTp - 1€ Pecypc, 3a JOIMOMOT0I0 SIKOTO MU caMi MOKeMO 00paTH 1
TTOJTUBUTHCS TOH B1J€O-KOHTEHT, SKUH TIJIBKH 3a0aKa€Mo;

» Time Shifted TV (c aHru. - «3pylieHe B 4aci MOBJICHHS») II€ Jy)Ke€ KOPHUCHA
bynkuis nudpoBoro TenebadeHHs. 3 T TOMOMOTOI0 , TUISIady MOXKE KOPHCTYBATHUCS
TakuMu (yHKLisMu, sk «llay3a» 1 «llepemoTkay meperisaarodu pi3Hi TeJEMpOrpamu.
Kopucryrounces ¢yskiiero «llayzu», Tenenporpama Oyje 3amucyBaTHCs Ha MPUCTPIN
nam'ati (JKOPCTKUH TUCK B pecuBepl HUPPOBOTro TesnedaueHHs], BIICOCEPBEP B MEPEKI
oriepaTopa, 30BHiIlIHI (hIelI-HaKoMM4yBayl B pecuBepax) 1 3a0e3mneuye Moro BIATBOPEHHS
3a IONOMOT0I0 BOYZOBAaHOTO Mejia-Tuieepa. B HelanekoMy MUHYJIOMY 1[I0 MOXJIUBICTb
NIATPUMYBAJIM TIJIbKU BiieoMarHiTodponu Ta DVD-nporpasaui [2].

* VoD (Video on Demand) - (3 anr. - «Bigeo 3a 3amuToM») Ha3UBAETHCS CHCTEMA
NEPCOHANIbHOT JOCTaBKM MEJIaKOHTEHTY aOoHeHTy. LI[o06 3po3ymiTH KOpUCTh JaHOi
GbyHKUIT, TpUHIMN 11 11 Kpalle MOsSCHUTHA Ha NMPUKIaAl: KOPUCTYBAd X0ue MOJAUBUTHUCS

SAKUUCH 1IKaBUK (PiibM ab0 TeJelioy, ajie Mpu IbOMY BiH He 0a)kae WTH 10 Mara3uHy 3a
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DVD-auckom abo BuTpadaTu 0araTo 4acy Ha MOIIYK MOTPIOHOTO KOHTEHTY B XOPOIIii
SKOCTI, a 33 YaCTy LIyKaTH MOro B MEPEK1 HEMae CeHCy (Hanpukiia, HoBi puibmu). Came
B TaKMX BHITaJIKaX Ha JOTMOMOTY NpuxoauTh GyHKIis V0D, sika 103BOMSIE 3aMOBUTH
MOTPIOHE BIZICO «3 JOCTABKOKO JI0JIOMY», BChOI'O JIUIIIE HATUCHYBIITN HEOOX1/IHI KHOMKHU
Ha myJbTi [3].

* Network Personal Video Recorder (NRVR) - (c anrm. - «MepexeBuid
MepCOHATIBLHUN BiJIcOpeeECTpaTop ») siBJsie coO00 cepric UGPOBOro TenedaueHHs, 3a
JIOTIOMOTOIO SIKOTO MOKHA 3anucaTé OyAb-aKUil TPaHCIbOBAHUI BiI€O KOHTEHT 1 MiCHs
[LOTO MOJUBUTHUCA HOro 0e3ii4 pa3iB, 3 MOJAIBIINM BUJAJICHHSAM. [HITMMU ClOBaMH,
cepBic 30€peKeHHS KOHTEHTY B MEpEeXl 3 METOK MOJAIbLIOr0 1HAUBIAYaIbHOIO
Hepersiay.

* Electronic Program Guide (EPG) (3 aHri. - «eleKTpOHHHH Teneria ») abo
Electronic Service Guide (ESG) inTepaktuBHa mocinyra B oOmacti mudpoBOro
TenebaueHHs abo pajiOMOBIICHHs, 3a0e3leuye THYYKICTh B YIpaBIiHHI ITUGPOBUM
koHTeHTOM. Enekrponnutii Tenerin (EPG) sBisie co0oto ekpaHHe MEHIO, sIKe B1I0OpaXkae
pPO3KJIaJ Teje- 1 paglonporpaM 3 MOKIIMBICTIO THTEPAKTUBHOI HaBIralii KOHTEHTY 3a
4acoM, Ha3BOIO, KaHAITy, )KaHPY 1 T. [I. 3@ TOTIOMOTOI0 MyJIbTa JUCTAHIIHHOTO KEpyBaHHSI.
Takoxx naHa (yHKIIS Ma€e KOPOTKA aHOTAIlisl O KOXKHOTO IMYHKTY TeJIeNporpaMu.
Enextponnuii Tenerin (EPG) € y Bcix pecuBepax nudpoBoro tenedayeHHs, a TaKOX y
BCIX Cy4YacHHMX TeJeBI30opax, 0 MarTh BOYIOBaHHI THOHEP (JeKoaep) IudpoOBOIo
teneOadeHHs [4].

IPTV-moBneHHss HEe Mae OOMEXKEHHS 3a KUIBKICTIO TeNEeKaHalliB 1 KIUTbKOCTI
TPaHCJIBOBAHOTO KOHTEHTY. OOMEXEeHHS MOXXYTh BHUHHMKATH JIMIIIE B MPOMYCKHIN
3natHocTl Mepexi omepatopa IPTV Ta iHTepHeT mpoBaiijepa IO HAJAIOTh MOCIYTH
KIHIIEBOMY a0OHEHTY.

Apxitektypa cucremu [PTV 3a3Buuail Mae Taki CKJIaJ0BI:

* IifiICCTeMa YNPaBIIIHHS KOMIUIEKCOM 1 MOCIyramMu, sIKy Ha3uBaloTh «IIpomixkHe
nporpamue 3a0esneuenHs» abo «IPTV Middleware ». Ils ckimamoBa € OCHOBHHM
KOMITIOHEHTOM pimieHHs [PTV, Tak sik, B KIHIIEBOMY MiJICYMKY caMme BiH BU3Hau4a€e HaOIp

HOCIYT, sIKI OyayTh MOCTYHHI aOOHEHTY, MPU3HAYEHUI NJIsl KOpUCTyBauda iHTepdeiic,
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aJICOPUTM  yrpaBiiHHSA 1 Jjoriky mnepexoxis. Ha Middleware noBoguthcst posb
KOOPJIMHATOpA B MPOIIECI B3a€EMOJIi MPAKTUYHO BCIX KOMIIOHEHTIB KOMIUIEKCY. Sapo
MiJCUCTEMH YIIPABJISL€ 30BHIIIHIMA KOMIIOHEHTAMHU KOMIUIEKCY, MATPUMY€E 0a3zy JaHUX
a0OHEHTIB 1 HaJaHUX 1M TMOCIYT, 3alMaeThCs aBTEHTU(RIKAIIEID 1 aBTOPHU3AIIEIO
a0OHEHTCHKUX MPUCTPOIB, a B CBOIO Yepry aDOHEHTChKUM mopTai (M0oro 11e Ha3UBalOTh
KOpUCTYBaJbHHUIIEKHUN iHTEpdeiic aboHenTta, Subscriber User Interface) - ocoba Bcroro
KOMILIEKCY, 1HTepderic, skuii 6aunTh aDOHEHT Ha CBOEMY €KpaHi, 1 3aBASKH SIKOMY BIH
KOPHUCTYETHCS MOCTYTaMHu;

* MmijicucTeMa npuiomMy Ta 00poOKH KOHTEHTY;

* MiZICKHCTEMa 3aXUCTy KOHTEHTY, (TEXHIYHI 3aCO0M 3aXKMCTy aBTOPCHKUX IPaB);

* MiJICUCTEMA BIJICO CEPBEPIB;

* MMICUCTEMa MOHITOPHUHTY SIKOCTI MTOTOKIB KJIIEHTCHKOTO OOJIaIHAHHS.

B skocTi KJIi€HTCHKOTO OOJIaIHAHHST MOXYTh BHUCTYIATH BCl KOMM'IOTEpU
(BIAMIOBIIHI CHCTEMHHUM BHMOTaMm), crerianizopani TB mnpucTtaBku, memia-tmieepw,
TeneBizopu 3 TexHosoriero Smart TV, mo6uisHI npuctpoi. Ha mporpamHoMy piBHI
noctyn 1o pecypciB IPTV Moxe 3aificHIOBaTHUCS SIK 3a JIOIMOMOIOKO CIEIiadbHUX
J0/IaTKiB (TIporpam), TaK 1 3a JOTIOMOT OO 3BUYAHOTO 1HTEpHET-0pay3epa, BOy10BaHOTO

B TIpUCTpiii [5].

1.2 Hpusmun aii IPTV

{06 3po3yMiTH MPUHITUI [1ii, HEOOX1THO BUIALTUTH FOJIOBHI BUMOTY JI0 BUPIIIICHHS
no0yaosu IPTV. V TexHIYHOMY pillIeHHI MOKHA BUJUTATH YOTUPU OCHOBHUX (PYHKIIIH
KOpPHUCTyBaua MEpexi:

* MOXJIMBICTh HAJAaHHS MMOCIYT MOTOKOBOTO BIA€O 1 ay/Iio;

* "BiJI€O 3a 3aIIUTOM";

* 000B'SI3KOBUH 1OCTYIy B [HTEpHET;

* 310patu 1HPOpMaliiiHi pecypcH 1 3a0€e3MeYUTH A0CTYM 10 HUX.

Jlns sKiCHOI mepenayl rojiocy 1 Bifieo MOBHMHHI OyTH 3a0BOJIEHI Taki OCHOBHI

IIPUHIOUIIN
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* MATPUMAaHHA TPAHCIOPTHUX MPOTOKOJIIB PEATILHOTO Yacy;

* 3a0e3MeUYeHHs HEOOX1THUX MEXaH13MIB SKOCTI 00CITyTrOByBaHHSI.

B pomi mkepen iHbOpMaIiiHOTO pecypcy HEOOXIMHHMX I CIIy’)kO Mepexi
PO3IIISIIAIOTHCS:

* CYNYTHUKOBHUW TENENOPT, SKWH TMocTaBisge TB-mporpamu, TpaHCIbOBaHI
MITYYHUMHU cymmyTHUKaMu 3emiti TB-MoBieHHs;

* npsima noAava TB-mporpam 3 BiaacHUX CTyaii abo k 3akyrieHux TB-nporpawm;

* BiZicocepBepH;

e cepBepu IHmMUX I1HQOpMAIIHHUX pecypciB (irop, ayaio3anuciB y dopmari
MPEG-3, enieKTpOHHUX KHUT, pOTpam, 1HIIHX (HailiiB);

* pECypCH MepexX 3arajJbHOro KOPUCTYBaHHS, 110 CTAHOBJIATH [HTEpHET [6].

1.3 Crpykrypa i nociayru

HaGip mocnyr, sxi HEOOX1AHO HaAaTH, OCOOJIMBO MOTPIOHO BUIIIUTH CEPBICH
peaslbHOTO Yacy, 3a3BUYail Mpe'siBIsIIOTh JKOPCTKI BUMOTH JI0 TPAHCIIOPTHOI CHCTEMHU.
Jly’xe BaXJIMBO BPAaxOBYBATHU iX IPU CTBOPEHHI apXIiTEKTypu UYYyAOBO MPaLIOHUO]
Mepexi. SIK mpuKIIag MOKHA TIPUBECTH, IO BiIeOTpadiK XapaKTepU3y€eThbCs IBINKOBUM
MOTOKOM 3 MOPIBHAHO MOCTIHHOIO IIBUAKICTIO, a O1JIbllIa YacTUHA a0OHEHTIB MOCIYTU
"BiZieo 3a 3amuToM" BUKOPUCTOBYIOTH 1i MPHUOJU3HO B OJHAKOBMIA Yac - BBEuYEpi, B
HACJII0K 4Oro, 1I€ BIUIMBAE HA HEPIBHOMIPHE HABAHTAXKEHHA HAa Mepexy. Y Tabnui 1.1
MOKa3aHl KOHKPETHI OCHOBHI MOKa3HUKM HABAaHTAaXXEHb HA MEPEXKY B 3aJIEKHOCTI BiJl

Ha/laHoTO cepBicy [6].



Ta6mui 1.1 Ominka o0cariB Tpadiky pi3HUX MOJOKEHb
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[Tocnyru Cwmyra MakcumanbHa | Yactka [TincymkoBa
MPOITYCKaHHS | KUIBKICTD aOOHEHTIB, 5IKI | cMyTa
JUISL OTHOTO | @0OHEHTIB, SIKI | KOPUCTYIOThCSL | ITPOITYCKaHHS
abOHEeHTa, KOPHUCTYIOTHCSl | TOCIIYTOIO JUTSI TIOCTTYTH,
Moit MOCITYT OO OJTHOYACHO Moit/c
Hoctyn B 0,256 Nx80% =0,8N | 20% 0,256x0,8Nx0,2
[aTepuer = 0,041N
IPTV
TB-moBnenns | 4 (MPEG-2) | KinbkicTb 100% MPEG-2 =
2 (MPEG-4) | kanamis = 100 4x100x1= 400
MPEG-4 =
2x100x1= 200
Bineo 3a 19 (HDTV) | Nx5% =0,05N | 10% 19x0,05N%0,1=
3aIIUTOM 0,095N
["osocoBuii 38’130k
Ayniotenedon | 0,064 Nx50% = 0,5N | 15% 0,064x0,5Nx0,1
HUH 3B’ 30K (G.711) 5=0,0063N
Bineorenedon | 0,55 (H.264) | Nx2% =0,02N | 15% 0,55x0,02Nx0,1
HHUH 3B’ SI30K 5=0,0017N
[H111 Mociyru
L2 VPN(VLL, |2 Nx1% =0,01N | 80% 2x0,01Nx0,8=
VPLYS) 0,016N
L3 VPN 2 Nx1% = 0,01IN | 80% 2x0,01N%0,8=
(BGP/MPLYS) 0,016N
El (FR, 2 Nx1% = 0,01N | 80% 2x0,01N%0,8=
HDLC, PPP, 0,016N
E)
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[Tponorxenus Tabmuii 1.1 Ominka o0csriB TpadiKy pi3HUX MOJIOKEHb

JlocTyn A0 JOKaabHUX PECYpCIB

FTP, Gaming, |2 Nx20% = 0,2N | 20% 2%0,2Nx0,2=

JIOKAJILHUHI 0,08N

KOHTCHT

MinimanbpHa cMyTa, SIKy 3aiiMae a0OHEHTCHKHM Tpadik B 0,272N+400(MP

MaricTpajabHOMY KUIBII Mepeki epeaadi JTaHuX EG-2)
0,272N+200(MP
EG-4)

N — 00’em aboHeHTChKOi 0a3u ornepaTopa. Yucra HaBeeH1 B TaOJIUII B3STI HA
OCHOBI JOCBIY TEJICKOMYHIKAIlIMHUX ONEpaTopiB (CTATUCTUKA), MaTepialiB
MapKETUHIOBHUX JIOCII/IIB, @ TAKOK BPAXOBYIOTh IPOrHO30BaH1 3HAYEHHS

XapaKTEPUCTHUK TpaPiKy.

Tenep po3rIIHEMO KOXKEH CEPBIC ICTAIBHIIIIE:

1. IloroxoBe Bineo

Hanae aboHeHTaM MOXIIMBICTH NEpErsAy KaHamiB €(pipHOro Ta CYyIyTHUKOBOIO
TenebadeHHs, ynakoBaHux B I[P-moTik, mpu 1boMy MOBJIEHHS Mae€ OyTH B PEKUMI
Multicast, mo0 3abe3neunTH ONMTHMI3Allil0 BUKOPUCTAHHS MPOMYCKHOI 3JaTHOCTI.
[IponyckHa 3MaTHICT, Ha KaHall IpuBeaeHa B Ta0iuil 1.1 1 3amexuTh Big 0OpaHOi
CHCTEMH KOJyBaHHs 1 mudpyBaHHs Taduiero [6].

TeneiziiiHMI Tpadik HE OKA3YyE KOPCTKUX BUMOT JI0 3aTPUMOK B TPAHCIIOPTHOI
Mepexi, MakcuManbHui JokiTep ((anra. Jitter - tpemrtinHsg) abo (a3oBe TpeMTIHHS
M(POBOTO CUTHATY JaHUX - MIKiAKBI (Pa3oBi 1 / a0 4YaCTOTHI BUITAJIKOBI BIAXUJICHHS
HAJ@HOTO CUTHAITy. 3'SBJSIOTHCS Yepe3 HECTAOUIbHOCTI 33aBajIbHOTO Te€HEepaTopa, 3MiH
napameTpiB JIiHIi mepeadi B 4acl 1 pi3HOI NIBUAKOCTI MOMUPEHHS YaCTOTHUX CKJIaJ0BHX
OJTHOTO 1 TOTO X 3HAaKY) makeTiB Moxe 0ytu 50 mc [6].

2. "Bigeo 3a 3amutom"

S0 po3risiiaTi TPaHCHOPTHY MJICKCTEMY, BUMOTH 1 OTPUMAaHHS TOCIIYT ""BiJleo

3a 3aUTOM" OMHUCY€E COOOI0 HECUMETPUUHY B3a€EMO/III0, MPU KM MO NPSIMOMY KaHAIy B
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Unicast-pesxxuMmi  mepefaroTbesi HUQpoBi BimeonoToku 1 iHTepdeiic aboHeHTa, a B
3BOPOTHOMY KaHajll - 3aluTU Jig OTpuMaHHs iHopmarlii. BuMoru 1o 3BOpOTHOTO
KaHaJy Api0H1: MaKCUMAaJIbHO MOTPiOHA MIBUAKICTH HEe nepeBulrye 33,6 k01T / c. Bkazana
B TaOyuil 1.1 MIBUIKICTB € cepeIHIM 3HAYEHHSIM CMYTH, sIKy 3aiimae curHai Th Bucokoi
YITKOCTI, TaK K MaiXe MOCTIMHO cepBic "Bifeo 3a 3amuToM" Oyje peari3oByBaTHCS B
dopmari HDTV [6].

3. Hoctyn no pecypciB [nTepHery

Hana cmyx06a He mepemdadae Oynb-sIKMX CHEIlaIbHUX BHUMOT J0 TIapaMeTpiB
TpaHCIIOPTHOT Mepexki. Tak K HaJalITyBaHHS SKOCTI OOCIyrOBYBaHHS pO3IJISJIAa€
[aTepHeT-Tpadik sIK 3 HU3BKUM IPIOPUTETOM, BIH HE CTa€ "KOHKypeHTOM" 3apaiu
JIOJATKIB peaIbHOTO Yacy.

Y Tomy BHMNaAKy, KOJM CIOXKHMBayaM Mae HajaBaTucs [HTepHeT noctyn 3
rapaHTOBAaHOK IIBUJKICTIO, HEOOXimHUM € norpumanHs mponenyp traffic shaping
(Ie#ninr - Hamanaa Tpadiky GopMu) - oOMEXKEHHS MPOIYCKHOI 3JaTHOCTI KaHAIy
3apajJil OKPEMOro By3J1a MEpexXl HU)KU€ TEXHIUHUX MOKJIMBOCTEH KaHally 10 By3Ja.
[eimiHr 3a3BU4ail BUKOPUCTOBYETHCS MOAI0HO crmoco0y 0OMEXEHHS MaKCUMAJIbHOTO
crokuBaHHs Tpadiky 3 OOKy By3lia Mepexi Uil MaplipyTh3aTopa, SKui Habarato
YCKIaAHIOe (QYHKIII ekcrutyaTamii mepexi. OTxe, ONTUMAIbHOI € MOJENb 3
MaKCHMaJbHO JTOCSDKHOIO IIBUAKICTIO TOCTYMY 1 PO3UIMPEHHSM TOCTYIMHOI CMYyTH
MPOIyCKaHHS B Mipy noTpedu. Ilpu 1ipoMy mocTymHa cMyra NpomycKaHHS PIBHOMIPHO
pPO3MOIUISIETECA Cepell aKTUBHHX TMOKymimiB. Llg cxema m03BOJsIE MaKCHMAalIbHO
3aJIOBUTHUTH OYIKYBaHHS TMOKYIISA, 30UIBIIUTH CHOXXKUBaHHS Tpadiky, a, OTke, 1
npuOyTOK BiJ HaJaHHS mociyru [6].

4. Cepgic aymaio/BineotenchOHHOTO 3B’ I3KYy

B mexax mocnyru [P-tenedonii MoxHa, Sk 1 HaaTh CTaHAAPTHHUM TeIePOHHUIMA
CEpBIC, TaK 1 HOro PO3MIMPHUTH - 33 JOTIOMOT'OI0 BUKOPUCTAHHS BiJieoTese()OHIB pi3HOTO
BUJly (B TOMY YHKCJIl IPOrpaMHUX). Y IPyroMy BUMNAAKy CUCTEMH JAIMCHO € aHaloramu
CUCTEM Bi/I€0-KOH(EPEHI-3B'A3KY 1 MOXYTh OOCIYrOBYBaTHCS THUMH X KEPYIOUHMHU

KOMIUIeKcamMH, 110 1 mnocayru IP-tenedonii. 3amns 3a0e3reueHHs] HAJIEKHOTO
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(GyYHKIIIOHYBaHHS JaHUX JOJATKIB TOTPIOHO CTBOPUTH CHUMETPUYHMN KaHal 3
HACTYITHUMH TIOKa3HUKAaMH TIPOIMYCKHOI 31aTHOCTI:

e aynioTenedonnuii 38°s130k: 83,44-91,56 x6it / ¢ (G.711, Ethernet);

e BificoTeneonnuii 38’5130k 549,4 k6it / ¢ (H.264, Ethernet).

5. Inmni mocyru

JIo HUX BITHOCATHCS BUKOPUCTAHHS PECYPCIB TPAHCHOPTHOI MEPEXi y BUIIIAII

OpPEHJIM TIEBHOI CMYTH MPOINyCKaHH: (IIMPPOBOTO MOTOKY) ad0 peaizaliii KopropaTUBHOI

mepexi: L2, L3 VPN [6].

1.4 JlocTaBKa KOHTEHTY

IcHye Tpu ocHOBHHMX cmocobu mepenayi Tpadiky mo IP-mepexi: ogHOampecHa,
IIMPOKOMOBHA 1 bararoajpecHa.

[ToTpiOHO PO3yMITH BIAMIHHOCTI MK IIAMH METOJAMHU, L€ Ty>KE€ BaXKIUBO IS
po3yMiHHs niepeBar |P-tenebaueHHs 1 11 MpaKTUYHOI peai3allii BiieoMOBIeHHS 110 1P-
MEpEexi.

KosxeHn 3 nux cnoco6iB nepenadi BUKOPUCTOBYE Pi3HI TUMU po3noairy IP-agpec y
BIJIMOBIHOCTI 13 MOCTABJICHUMHU 3aBJaHHSIMH, a B CTyIEHI iXHbOIO BIUIMBY Ha 0OCST
CHOKUBAHOTO Tpa(iKy iICHY€ BETUKA PI3HUILIS.

Unicast Tpadik (omHoagpecHa TIaKeTHAa TMepegada) B OUIbHIH  Mipi
BUKOPHCTOBYETHCS IS «TIEPCOHATBLHUX» MOCTYT. KokeH ydacHUK B Oyab-sIKH MOMEHT
MOJK€ 3aIPOCUTH BIATOBIIHUH IM BiJICOKOHTEHT [7].

OnHoanpecHu 3B'30K IMEPEIacThCs BT OJHOTO JKepesa fo0 iHmoro IP-agpecoro
npu3HayeHHs. L{g enekTpoHHa ajpeca MOXe HaJIeKAaTH TUTBKU OJTHOMY KOMIT'OTepy abo

abonenty STB B Mepexi, sk mokazaHo Ha puc. 1.1.
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Pucynok 1.1 — OgHoaapecHa TEXHOIOT1s

Kinbkicte aOOHEHTIB, SIKI MOXYTh MNpPUHAMATH OJHOCHPSIMOBAHY Mepeaavdy
OJIHOYACHO, OOMeKeHa MOTOKOM (MPOMYCKHOIO 3JaTHICTIO), JOCTYIIHUM B Marictpai
mepexi. Y wmepexi Gigabit Ethernet makcuMmanabHa MIBHAKICTH IE€peaadl JTaHHX,
TEOPETUYHO, MOXKe JocaraTu 110 1 ['0iT/ ¢ MiHyC cMyra ponycKaHHs, sika HEOO0X11Ha s
nepenadl  cayk00Boi  1H(popmalii Ta 1HBEHTapu3alii npuctporo. Hampuknan,
OPUITYCTUMO, 1[0 MU MOKEMO BHUJUIMTH HE OUIbIIIE MOJOBUHU CMYTH MPOMYCKAHHS B
MaricTpaJibHI Mepexi Ciyx0am, SKi BUMAararTh OJHOCHPSMOBaHOI mnepexaaui. Jlms
Bunaaky 5 Mb / ¢ na Tenesiziitnuii kanan MPEG2 nerko migpaxyBatu, 0 KIJIbKICTb
a0OHEHTIB, SIKI OJHOYAaCHO OTPUMYIOTh OIHOCHPSMOBaHY Iiepenady, HE MOXKe
nepepuiryBata 100 [7].

Broadcast tpagik (ImmpokoMOBHA Mepe/iayda MaKeTiB) BAKOPUCTOBYE CICIiaTbHHMA
IP-agpec nns BiAmpaBKM OAHOTO 1 TOTO X MOTOKY AaHUX BCIM ydacHukKam [P-mepexi.
Hanpuxknan, taka |IP-agpeca moxe 3akiHuyBaTucs 255, nHanpukian, 192.0.2.255, a6o
BOHA MOJKe MaTu 255 y BCiX 4OTUPBOX mojisix (255.255.255.255) [7].

BaxxnuBo 3HaTH, 0 IMPOKOMOBHUM Tpadik NpUMMAETHCS BCiMa M1IKIIOUYEHUMA
koMmi'rotrepamu (a6o STB) B mepexi, He3aJIe:)KHO BiJ MoOakaHb KOpPUCTyBada. 3 i€l
MIPUYMHM 1IEH TUTI TIepe/iadl B OCHOBHOMY BUKOPUCTOBYETHCS JJIS CITY)K00BO1 1H(OopMartii
MEpEXEeBOro piBHSA abo0 JJIs Mepenadl 1HIIOT BUKIIOYHO BY3bKOCMYTOBOI 1H(OpMaIli.
3BUYaitHO, MOBJICHHS HE BHUKOPHUCTOBYEThCS [JIsi mepenadi Bigeomanux. [lpukian

TpaHCIAii nokasanuii Ha (puc. 1.2) [7].
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Source

Destination Destination Destination

Pucynok 1.2 — TexHONOT1s HUPOKOTO MOBJICHHS

Multicast Tpadik (rpymnosa nepenava makeTiB) BAKOPHCTOBYEThCS JIJISI TOTOKOBOT
nepeaayi Bifco, KOJU BU XOUYETE JOCTABJISATU BIJICOKOHTEHT HEOOMEXKEHIM KiIbKOCTI
aboHeHTIB 0e3 mepeBaHTaxeHHss Mepexi (puc. 1.3). Ile Hailbunbm yacTo
BUKOPUCTOBYBaHUH THUII nepeaadi gaHux B Mepexax [PTV, xonu ofHa 1 Ta * nporpama
IPOTJIIAETHCS BEIMKOIO KUTbKICTIO a0OHEHTIB [7].

bararoaapecHa mepemaua BUKOPUCTOBYe  cremiainbHuii  kinac  [P-ampec
NpU3HAYCHHS, HANMpUKIan, aapecu B giamazoni 224.0.0.0 ..... 239.255.255.255. 1le
MoXyTh OyTH [P-anpecu kiacy D [7].

Ha BigmiHy Bi OJTHOQJAPECHOT PO3CUIIKU, O0araTo aJpecHa mepenaya MakeTiB He
MO>Ke OyTH Mpu3HaueHa oflHoMy KoM 'totepy (a0o STB). Konu gaHi BiANpaBisitoThCSA Ha
onuH 3 [P-anpec mig LGPL, noreHuiitnuii onep:KyBad TaHUX MOKE MPUAHATH PIIICHHS
po T€, OTPUMYBATHU a00 HE OTPUMYBATH iX, TOOTO aOOHEHT OyJe TUBUTHUCS LEH KaHaJ
yu Hi. Lle#t MeTon mepegadi o3Havae, M0 OCHOBHMM mpucTpiid onepatopa IPTV Oyne
nepeaaBaTH OAWH TOTIK JaHMX Ha O0e3niy aapec mpu3HaueHHs. Ha BiaMiHy Bij
IIMPOKOMOBHOT 1epenadi, y aboHeHTa € BHOIp - OTpUMYBaTH JaHi 4M Hi [7].

BaxnuBo 3Hatu, mo s peanizamii OaratoagpecHoro Tpadiky B IP-mepexi
MOBUHHI OyTH MapuipyTU3aTOpH, IO MIATPUMYIOTh OaraToaapecHy Tmepeaady.
MapuipytuzaTop BUKOPUCTOBYE MpoTokos IGMP 1j1si MOHITOPUHTY TOTOYHOTO CTaHy
TpyI po3cuiku [7].

OcHogHI nipaBuia npotokosry IGMP HacTyrmHi:
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e KIHIIEBUH By307 Mepexi Biamparisie makeT IGMP tuny noBigomienHs, mio0
3a0€3MeYUTH [MOYATOK MPOIECY MITKIIOYSHHS IO TPYIU PO3CUIIKH;

® BY30J1 HE BIANpaBis€ MOAAIBINI MAKETH, KOJW BiH BIAKIIOYEHUH BiA Tpynu
PO3CHIIKH;

e yIbTPa3BYKOBUHN MapuipyTuszatop Biampasisie 3anutu IGMP B mepexy uepes
MEeBHI NPOMDKKM 4acy. LI 3amuTu [103BOJSIOTh BU3HAUWUTU IMOTOYHUNA CTaH TpyM
PO3CHIIKH;

e By30J1 BinoBijae Ha makeT [GMP 11t KOKHOT Tpyny pO3CHIIKH, SIKIIO B 1IiH Tpy1Ii

€ xoua O OWH KJIIEHT.

IPTY
Server
—
Multicast IP/TV program
= prog
‘n
Y Y
E==1
— — Multicast-enabled ot
(=) ﬁ router @L
—f i—— ——
IPTY  Mon-viewer IPTV
Viewer Viewer

Pucynok 1.3 — Texnosoris Multicast

3aBaHTa)XEHHS MariCTpalbHOT yacTMHH Mepeki multicast tpadikom 3anexuth
TIIBKM BiJ 4KClia TPAHCIHOBAaHMX B Mepexi KaHamiB. Y curyamii 3 Gigabit Ethernet
MEpEXEer0, MPUITYCTUBIIH, [0 TOJIOBUHY MAriCTpaJbHOrO TpapiKy MU MOXKEMO BUILTUTH
mig multicast mepenady, Mu orpumyemo 6iu3bko 100 tenesiziitanx MPEG-2 kanaiis,
KO’KEH Ma€ MIBHJIKICTh TIOTOKY Jganux 5 M6 / ¢ [7].

3po3ymino, B IPTV Mepexi npucyTHi ogHouacHO Bei 3 Buau Tpadiky broadcast,
multicast i unicast. Oneparop, IIaHYIOYH ONTHMAIbHY BEJIMYUHY MPOIMYCKHOT 3/IaTHOCTI
MepexXi, TOBMHEH BpAaxOBYBAaTH PI3HMH MEXaHI3M BIUIMBY pI3HUX TexHousorii IP-
anpecarii Ha oOcsr Tpadiky. Hanpukian, onepatop MOBHHEH YITKO YABJISTH COOI1, IO

HaJaHHS TOCIYTH «B1€O HA 3aMOBJICHHS» BEIMKOMY YMCIy aOOHEHTIB BUMArae Jyxe
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BHCOKOT IIPOIYCKHO1 3IaTHOCTI MaricTpaibHOi Mepexi. OHUM 3 pillieHb 1i€l mpolaemMu
€ JIeIICHTpalli3allisl B MEpeXi Bifco-cepBepiB. Y IIbOMY BUIAIKY IEHTPaJbHUM Biaeo-
cCepBep 3aMIHIOEThCS Ha KiJbKa JIOKAIbHUX CEpPBEPIB, PO3HECEHHX MK CO00I0 1
HaOIMKEHUX 70 nepudepiiHUX CeTMEHTIB 0araTopiBHEBOI 1€epapXiyHoi apxiTekTypu IP-

Mepexi [7].

1.5 BucHOBKH 10 po3ainy

VY yomy Bce kK TakH MOJIATal0Th OCHOBHI TO3UTHUBHI 0COOIMBOCTI TeXHOOT1T IPTV?
B nepury uepry, 1e miaTpuMka Takux (YHKIINA, K 3anudc edipiB, TEJETi], HaBITh
MOXJIMBO CTAaBUTH TEJIEMOBIIEHHS Ha Tay3y 3 MOJAIbIIUM TMEPErysiioM B 1HIIUN
npomixkok 4acy. IPTV mpamroe Ha ocHOBI mmpokocmyroBux IP-3'eqHanp 1 3aBxau
HAJAa€TbCA CIIOKMBAayaM 3 MEPEXKEBUM JIOCTYIIOM. IPTV He MoOXHa Ha3Batu
TeneOayeHHssM y MOBHOMY po3yMmiHHI. Lle mpocro cucrema HanaHHS KOHTEHTY
nu(ppoBOro tenedadeHHs KiIleHTam, Akl mianucadi Ha urpo nociyry. Cam tepmin IP €
Croco0oM Mepejiadi KOHTEHTY B MEpEexi IiJl KOHTpoJieM nposaitnepa. Lleit popmar gyxe
CXOKHMM 31 3BUYAHHUM KaOelbHUM TelieOaueHHSM, ajie 3 JocTynoMm B iHTepHer. Ille
onHiero nepesaroro IPTV € BIACYTHICTh PUB’SI3KU JJO CIMCKY KaHAJIB, SIK Y BUMAKY 31
3puvaiHuM Th, Tak 1 y BUNaaKy 3 KaOeJIbHUMHU Ta CYMYTHUKOBUMU Tociyramu. Lle He
3aJIeXKUTh B TapudiB ornepaTopa TeneOauyeHHs Ta BiJl PETIOHY, B SKOMY MPOKUBAE
crokuBad. Bam moTpiOHO JMIle 3aBaHTaXXUTH CIHMCOK BIATBOPEHHS Ta Mporpasay i3
NeBHUM KOHTeHTOM. [P-TenebaueHHs € OE3KOMITOBHUM TMPU TPAHCHSIMIT Ha
He3ammnppoBaHUX KaHajdaX, HAaBITh B I[bOMY BHUMAJKY BH BCE OJHO MOXKETE JUBUTHCH
0arato IecATKIB KaHaIiB, BKJIIOUAIOUN BY3bKO-TEMAaTH4UHI. Y TIOPIBHSHHI 3 TPAAUIIIITHUM
aHayioroBuM tenebaueHusaM, [PTV orpumae nepeBary Bif OaraTOkaHaJbHOTO 3BYKY Ta
po3nuibHOi 31aTHOCTI HD-Bimeo. Takoxk mmtocoMm € ekoHoMiuHa Burojaa. He motpiOHO
Oyne KyImyBaTH JOpOTY aHTEHy, TENeBi3op 3 IUGPOBUM MpHiiMadeMm, TIOHEPU Ta
pecuBepH, HaBITh HE MOTPIOHO MPOKJIAIATH Kabenl Ta 3aMaTUCS 1HIIUM MOHTaKHUMU
poboramu. Bce mo morpiOHO, Tak L€ MIAKIIOYEHHS [0 I1HTEPHETY Ta OyIb-sSKHii

NPUCTPIA, 3AaTHUM MIATPUMYBATH POOOTY B MEpPEkKI Ta MOXKJIMBICTH 3aIyCKaTH
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BI/IMOBIJIHE TporpaMHe 3a0€3MeueHHs A BIATBOpEeHHs. [HTEepakTUBHE TeiaeOadeHHs
yepe3 IP MokHa AMBUTHCH Ha cMapT@OHAX, IUIAHIIETaX, KOMIT FOTEepi, TEIeBi3opi 3a

JIOTIOMOTOIO TEJEBI31MHUX MPUCTABOK, 1110 MATPpUMYIOTH I[P, a60 3a qomomororo ¢pyHKIIil

Smart TV.
Taxox MOKHa TIAKPECTUTH TaKi IEpEBaru:

® CTBOPEHHSI CIIUCKIB KaHATIB Ta MEPEeMHUKaHHS MK HUMU;

® 3arajibHi Ta OKPEMi YCTAaHOBKH JIJIsl KaHAMIB;

® TUTAHYBAJILHUK 3aMUCY / IEPErIIsIy;

® MOXJIMBICTh BUKOPUCTaHHS CMAapTQPOHY SIK ITyJIbTa KEPYBaHHS;

® 00poOKa Ta 30€pEIKEHHST OTPUMAHUX JaHUX;

e IHTErpauis 3 COUIATbHUMU MEpEeXaMUu;

® 3BYKOBI JIOPI)KKHU Ta CyOTUTPH.

A 3apa3 posrasiHemo Henouiku [PTV. HaliBaxxnuBimuMu € cepio3Hi MOBJICHHEBI
npobiieMy, SKIIO Nepenaya JaHUX MPOXOJAUTh Ha HEBUCOKIN HMIBUAKOCTI. [HII, MEHII
100anbH1 MOMUJIKH, OYyTh MPOSIBISATHUCS JIMILE Y IEBHUX cuTyalisax. Hanpukman, konu
300paKeHHSI BIIOOpaXKAETHCSI HA €KpaHl TEJIEeB130pa, a BCE BIATBOPIOETHCS HA TUJIAHIIETI
a6o I1K, Bam mpuiifeThCsi BUKOHYBATU OY/b-sIK1 Jii 32 IOMOMOT0r0 MaHimynatopis. Lle
O3Hayae, 110 BaMm Oyjie MOTPIOHO BUKOPUCTOBYBATHU Taunaj ado MuIlly, 100 30UIbIIUTH
TY4YHICTh 200 3MIHUTH KaHal. OHaK 115 HE3PYUHICTh BUPINIYETHCS 32 JOTIOMOTOI0 Smart
TV. Bu Takox MOXeTe BUKOPUCTOBYBATH MeJlarieep ado creniagizoBaHy NpHUCTABKY,

aJjie 11l BapiaHTH BTPAYarOTh CBOIO €KOHOMIIO, 60 001y ThCsI 111 IPUCTPOI TIOCUTH JOPOTO.
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2. TOCJIIJKEHHSI ARM APXITEKTYPHU. MIKPOKOMIT'IOTEPH TA iX
XAPAKTEPUCTHUKHA

2.1 ARM apxitrektypa

Apxitektypa ARM (mepBicao Advanced RISC Machine — mominmena RISC
MmaiiuHa, monepeaauk Acorn RISC Machine) — cucrema komaH[I i CIMEHCTBO OIHCIB i
TOTOBUX TOMOJOTIH 32-0iTHUX 1 64-01TOBUX MIKPOMPOLECOPHUX / MIKPOKOHTPOJIEPHUX
saep, mo po3poOsitoThess kommaniero ARM  Limited. Illupoko 3acTocoBYeThCS y
po3poO1l MOPTATUBHUX NPUCTPOIB. ['OJOBHOIO MPUYMHOIO LBOTO € BUKOPUCTAHHS
€HEeproomagHux TexHojorid. Came TOMy IS apXiTeKTypa [IOMIHYE y MPHUCTPOSX,
T'OJIOBHOIO 1JICEF0 IKHMX € EHEProoaaHicTh [8].

[lepui uwinu ARM 3’sgBuiMcs Tpu JECATHIITTA TOMY 3aBASKH 3YCHUIUIM
Opurancbkoi kommanii Acorn Computers (auai ARM Limited), aie TpuBanmii yac BOHH
Oyiu B TiH1 CBOiX O171bIII BiIOMHUX OpaTiB - mporiecopiB x86. Bee nepeBepHyocs 3 HIr Ha
roJioBy 3 nepexoaoM [ T-1HaycTpii 40 MOCTKOMIT I0TEPHOI €pH, KOJIM CTAJIM IPABUTH yiKe
He 1K, a MmoOiBHI ipucTpoi [8].

Cooronni cimetictBo ARM 3aitmae npubnuszno 75 % Bcix mopTaTuBHUX 32-01THUX
RISC mporecopiB, 1mo poOUTh HOTO HAMBHUKOPHUCTOBYBAHIIIUM cepea yciX 32-01THHX
apxitektyp. [Iporiecopy ARM 3Haiimimm cBoe 3acToCyBaHHSI y 0aratboX MPHUCTPOSX
(MOO1ITBHI TenehoHn 1 cMapTQoHH, MJIAHIIETH, KIIK, 1 dpoBi
ayJ11oIUIeeEpH, KaJIbKYJIATOPH, 1rpoBi KOHCOJT1 TOIIIO), KOMI'TOTEPHIM

nepudepii: mapmpyrusaropu, NAS-cepBepu, anapatHi Opanamayepu [8].

2.1.1 OcobamBocTi apxitektypu ARM

MoxI1BO, BapTO MOYATH 3 TOrO (DAKTY, III0 apXITEKTypa Mnpolecopa X806, Ky 3apas
BukopucToByioTh Intel i AMD, BukopuctoBye Habip komana CISC (Complex Instruction
Set Computer), xoua i He B YUCTOMY BUIJIsIIL. TOMY BeJIMKa KiUTBKICTh KOMaH/ I, 1[0 MAalOTh

CKJIaJIHy CTPYKTYpy, sSKa JOBrWil yac Oyna Bi3uTHOK Kaptkoro CISC, cmodatky
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JEKOJIYETHCA Y MPOCTI 1 JIKIIe OTIiM 00po0iseThesi. O4eBUIHO, 1O BECH IEH JIAHITIOT T
BUMarae 6arato eHeprii.

Mikpocxemu ARM i3 3menmennm Habopom iHcTpykiiil (RISC) mparorors sk
eHeproe()eKTUBHA albTepHaTHBA. MOro mepeBara CIOYaTKy IOJSAra€ B HEBEIMKOMY
HAOOP1 MPOCTUX KOMaH, sIKi 00pOOJIAIOTHCS 3 MIHIMAJILHUMH BUTpaTaMu. Sk pe3ysbTar,
ChOTOJIHI Ha PUHKY MOOYTOBOI €IEKTPOHIKH 1CHY€E JIB1 apXITEKTYpH MPOIecopiB - X86 Ta
ARM, koxHa 3 SIKMX Ma€ CBOi IepeBaru Ta Heaoyikd. Ha pucynky 2.1 mu 6ayumo

nepmmii 9in ARM1 xommanii  Acorn Computers, skuii BUTOTOBIISABCS Ha (haOpukax

VLSI.

Pucynok 2.1 — Yin ARM1

ApxiTektypa x86 TO3UIIIOHYETbCS SK OUIBII yHIBEpcajdbHA 3 TOYKH 30Dy
MOXXJIMBHX 3aBJIaHb, y TOMY YHCJI HaBITh TaKUX PECYPCOEMHHUX, SK peaaryBaHHS
dboTorpadiii, My3uKH Ta BiJI€O, a TAKOXK MUGPYBaHHS Ta CTUCHEHHS JaHUX. ApXITEKTypa

ARM, y cBoro uepry, "iine" yepe3 Haa3BUYalHO HU3bKE EHEPrOCIIOKUBAHHS TA 3arajioM
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JIOCTATHIO TIPOJIYKTUBHICTh JJIs1 HAWBKJIMBIIIUX I[IJIed Ha CHOTOJIHI: MaJlOBaHHS BeO-

CTOPIHOK Ta BiATBOPEHHsS Media-KoHTeHTY [9].

2.2 Cy4acHi MikKpoKkoMI'I0TepH Ta iX XapaKTePUCTUKHU

OpHomIaTHI KOMIT'IOTEPH HEIIOJABHO 3aBOIOBAJIM IMOMYJSPHICTH Yy CBITI
eneKkTpoHiku. He3Baxkarouu Ha Te, 1110 BOHU OyJIM BUHAMEH1 1aBHO, 6arato XTo JA0Ci He
3HAIOTh, IO 1€ 3a MPUCTPIH 1 AJIT YOTO BiH BUKOPUCTOBYEThCA. Ha3Ba camoro mpuctporo
BKa3ye Ha Te, 0 BIH CKJIAJAETHCS 3 JEKUIBKOX MOMYIIB, Kl 310paHl Ha OJHIA KapTi.
KoMronenTn cucreMu MOXHA TpojaTd y 3i0paHoMy BUIJISAI ab0 [K OKpemi
KOMIIOHEHTH.

Buytpimns crpykrypa miHi-IIK cxoska Ha ioro crapmioro «Opara». Ha cucremHiit
IaTi 3a3BU4Yail BCTAHOBIIOIOTHCS TakKl KOMIIOHEHTH: MIKPOIIPOILIECOp, ONEpaTUBHA
nam'siTh, PO3'€MU BBEJICHHS Ta BUBEJCHHS JAHUX Ta IHII KOMIOHEHTH. MOKHA OKpEMO
BCTAHOBUTU PI3HI JaTYMKU (TEeMIEpaTypH, OCBITIEHHS), €KpaH BiJoOpaKeHHS
1H(popmarii Tomo. [TogidHe Komn'toTepHe 00IaAHAHHSI HE XapaKTEPU3YETHCS BUCOKOIO
MPOJAYKTUBHICTIO, aji¢ 3aBISKH CBOIM KOMIAKTHUM pO3MipaM 1 HH3bKOMY
€HEepProCIOKUBAHHIO Ma€ IIMPOKY 00JIaCTh 3aCTOCYBAaHHS - IX MOKHA BUKOPHUCTOBYBATU
K HEBEJMKY 3BYKOBY JIOMAalIHIO CTY/iIO0, K NEpelaBaIbHUi MPUCTPId P MIPHUHTL, a
TaKOX SIK IFPOBY KOHCOJIb (JIaHa METOAMKA 3aCTOCOBYETHCS TIILKH JJIsl CTAPUX 1r0p 1 IS
Hel noTpioeH emysstop) [10].

A 3apa3 po3rIsiHEMO, SIK1 K CaMe IUIFOCH MAaOTh MIKPOKOMIT I0TEpH:

® KOMITAKTHHUM, HABITh MIHIATIOPHUN AW3aiH, SIKUM 3aliMae Majo MicIs 1 HOro

MO>KHa PO3MICTUTH SIK Y MaJICHbKOMY KOPIIYCl, TaK 1 Ha CTiHI TOLLO.

® HU3bKE CIIOKMBAHHS €HEPrii, 1110 103BOJISIE KOMIT IOTEPY 3aBKAU

OyTH BKJIFOUCHUM.

® BiJICYTHICTb IIyMY, TaKi OOYHMCIIIOBaJIbHI CUCTEMH 3a3BUYail 0a3yl0ThCs Ha

MIaCUBHOMY OXOJIOJI’KEHHI.

¢ Hu3bKa IiHa Ta jerka OC nopiBHsHO 3 T1K.
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e IOCTYIHI BCl cTanaapTHi nepudepiitai pos'emu: USB, Secure
Digital, eSATA, Ethernet, HDMI.
CrorogHi Ha pUHKY MoOXHa 3HaTH Outbiie 100 pPI3HOBUAIB OJHOIUIATHUX

MIKpOKOMIT I0TepiB Ha mpoiecopax ARM.

2.2.1 TlonmyasipHi MikpokoMI’10Tepu

FriendlyElec NanoPi NEO3

Po3poonuku moneni FriendlyElec NanoPi NEO3 (puc. 2.2) cTBepIKYIOTb, IO 1€
I[iIHOBa JIbTEPHATHUBA MTIOHEPY B Tally31 OJHOIUIATHIX MIKPOKOMIT'IOTEpiB - Raspberry Pi
3. Y mpogaxi € 2 monudikaii - 3 1 a6o 2 I'b onepartuHoi mam'siti. [lnara npomaerses y
MJJACTUKOBOMY KOPIYCl Ta y 310paHOMY BHTJISAIL, 1110 KOPUCHO BiAPI3HAETHCS MMOPIBHIHO
3 KOHKypeHTaMH. BupoOHuK cTBeppkye, mo mpoctymHi Ethernet ta USB 3.0. XXusienns
nogaeTees uepes po3'em USB Type-C. Icuye ciot mis ¢uem-kapTy, a CBITI0M10IHUM
IHAMKATOp TaKOoX NOBIAOMIIIE TPO CTaH NpUCTPor0. OCHOBHI XapaKTEPHUCTUKHU
posrisiHeMo B Tabsuiii 2.1 [10].

OCKUIbKM TIpOIIECOp TMPHUCTPOIO HArpiBa€Thcsl M7 Yac pPoOOTH, Yy KOPITyCl
MOMNEePEeIHbO BCTAHOBIEHUN paziaTop. 3 TI€l K NPUYMHU HA KOPIyCl PO3TAIIOBaHI
BeHTWIALIMHI OoTBOpU. (OCHOBHE TpU3HAYCHHS MOJEIl TOJIsira€ B OpraHizarlii
MepexxeBoro 30epiranss. KopucryBaul BIJ3HAYalOTh XOpOWIYy MPOAYKTUBHICThH
YOTUPUSJIEPHOTO Tpollecopa, SKUW MOXeE BIOpaThcs 3 HaWOLIbII NOIIMPEHUMHU
3apma"HsaMu. [IpucTpiii 3gaTHHil npaitoBaTy npu Temmneparypi Biag -20 © go + 70 ° C.
Po3smipu wmiHI-IIK cranoBiste 48 x 48 mm, a Bara 22 rpamu. I[lpuctpiii mpaitoe B
oneparniiaux cuctemax FriendlyWrt 19.07, Ubuntu, Linux-5.4. Cepenns 1ina ToBapy -
1200 rpusens [10].



28

Pucynok 2.2 — Ognorutatauii mikpokomit’rotep FriendlyElec NanoPi NEO3

Tabmuns 2.1 TexHIYHI XapaKTepUCTUKH

[Toka3Huk 3HaueHHS

[Tpomecop Rockchip RK3328 goruproxsaepuuii 64-
OiTHUI

TakToBa yactora 1.41Tq

06’em RAM-nam’siTi 1a602Th

006’em Flash-mam’sri 128 I'b

USB type-A 3.0

Wi-Fi Hemae

HowminansHa poOoya Hampyra 5B

Bluetooth Hemae

[Y-nopt Hewmae

Po3’em nns BeHTHIISITOpA c

Inpukaropu crany

UepBoHuil, 3eJIeHUN

Kuntou kopucrtyBaua I wir.
dD13nYyH1 KHOIKHA Bincythi
I"abapuTtHi po3mipu 54x54%38 MM
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[Tepesaru mikpoxomm’torepa FriendlyElec NanoPi NEO3:
® BeJIMKa KUIBKICTh P03’ €MIB,;

e O0I0JDKETHA BapTICTh;

® BHCOKA MTPOTYKTUBHICTH,

® YOTUPHOXAAECPHUN ITPOLECOD.

Henmomniku:

e BigcyrHicTs Wi-Fi, Bluetooth.

Raspberry Pi 3 Model B Plus

Raspberry Pi 3 Model B + (Plus) (puc. 2.3) € onosieHoro Bepciero Raspberry Pi 3
Model B. HoBuHKa He CUJIBHO BIAPI3HIETHCA Bia morepennuka. Ilo-mepiie, e HOBa
oJHOKpHUCTanbHa cuctema Broadcom BCM2837B0 3amicte Broadcom BCM2837 3
TakToBOIO 4YacTtoToro 1,4 I'T'nm mopiBHsSHO 3 1,2 I'Tu. OOcsr omepaTuBHOI maM'siTi He
3MiHuBCA 1 1oci ctaHoBuTh 1 I'b [10].

[To-apyre, Brockonaienuii BOynoBanuii ampantep Wi-Fi, skuii Tenep migrpumye
crangaptu 2,4 I'T'mta 5 [T ta IEEE 802.11.b / g / n/ ac. Takox HOBMHKa OCHaIlleHa
npaiisepom Bluetooth 4.2 / LE. OcHOBHI XapaKTEpPUCTUKHU PO3TISTHEMO B TaOymI 2.2.

HoBa mMozens ycyBae MOMHIIKH, BUsiBJIeHI pu BukopucTtanHi PXE (anri. Preboot
eXecution Environment, sisHo pixie). Bapto Takox 3ragatu miarpuMky Gigabit Ethernet
(Takox uepe3 USB 2.0), ne mBuakicts 0yna 360iabiieHa g0 300 Mo6it / c. HoBuit npogykT
niarpumye xuBieHnHs yepes Ethernet (POE) uepes oxpemuii PoE HAT [10].

Monens Raspberry Pi 3 Model B + mae nokparienuii KoHTpoJib TeMieparypu S0C,
M0 TakKoX Copuse MerajieBoMmy Kopmycy. Ilpu temmepatypi Hmwkue 70° C
3aCTOCOBYIOTHCS JIOJIATKOBI 3ac00U 11 301IbIIeHHS] OCHOBHOT yacToTH 10 1,4 I'T'1r. Ilpu
temrepatypi Buiie 70° C yactora nagae 1o 1,2 I'T, a Takok 3MEHIIY€E HANIPYTY >KHUIIH,
MOJIOBXKYIOYH Yac JocsrHeHHs KputudHoi Temneparypu 80 © C. CepenHs 1iHa ToBapy -

1400 rpusens [10].
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Pucynox 2.3 — OgHorutatauil Mikpokomit totep Raspberry Pi 3 Model B +

Tabmun 2.2 TexHiuHI XapaKTePUCTHKU
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IToka3zHuk

3HauYECHHS

[Iponecop

ARMVv8 Cortex-A53

TakToBa yactora

141Tnx

['padiunmii mpouecop

Video Core IV® Multimedia

06’em RAM-niam’s1Ti 1Th

USB 2.0

Wi-Fi 802.11 b/g/n/ac
YacToTHuii aiana3oH 2,4/5 T
Howminansna poboua Hampyra 5B

Bluetooth V4.2

[Tudposuii aymio/BineoBuxin

HDMI Bepcii 1.3a

AHaJIOTOBHI ay110/BiI€OBUXIT

MiHI-IKeK 3,5 MM

Kapta mam’sti

microSD

[Toptu BBOAY-BUBOLY GPIO

40

["aGaputHi po3mipu

85,6 MM*x56,5 MMx17 MM
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[TepeBaru mikpoxom rorepa Raspberry Pi 3 Model B +:

® MaJli po3MipH;

® BeJIMKA KUIBKICTh TMOPTIB,;

® O/1HA 3 HAWMOMYJISIPHIMINX MOJEIICH.

Henomiku:

® TIOMITHO HarpiBa€eThCs, MOTPIOHE TOJATKOBE OXOJIOKEHHS;

® BUCOKC CHCPI'OCIIOKUBAHH.

Orange Pi Win Plus

Orange Pi - omHa 3 HalBiIOMIIMX cepiii OJHOIUIATHUX KOMII IOTEPIB, sKa
croyatky OyJjia po3MmilleHa K JelieBla aapTepHaTiuBa Raspberry Pi.

Orange Pi Win Plus (puc. 2.4) - e motouHa Tomn-mMoeisb i3 cimeiictBa Orange Pi,
sKa 3a BapTICTIO MOPIBHSIHHA 3 OpUTiHAIbHOIO Raspberry Pi 3.

['omoBHOI0O 0COOIMBICTIO 1T1€1 MOJIEN, IO BIMOOpa)kaeThcs B ii Ha3Bl, €, cepel
iHmmx onepaniinux cucrteM (Linux, Android), miarpumka Windows 10 IoT Core. L
(byHKIIISI, YSCHO Ka)KyuHu, CYMHIBHA 1 IIiKaBa ISl Ty>ke oOMexkeHoi ayauropii. Orange Pi
Win Plus nmotpanuB B 11€#i CHUCOK 3 OJIHI€T MPUYMHHM - BIH Ma€ JIMIIE XOPOIIi TEXHIYHI
XapaKTEPUCTHKH Ta HU3bKY 1iHy [10].

Ile He HaWMOTYXXHIMIUKA MIKPOKOMIT IOTEp Y I[bOMY CIIHCKY, ajie, O€3yMOBHO,
HaWKpanui 3 TOYKH 30py IiHU / TTPOYKTUBHOCTI.

Orange P1 Win Plus BukopuctoBye 64-po3psiaauii Allwinner A64 (4 sinpa Cortex-
A53) sk nporecop, a Ha mati npumnasHo 2 I'b oneparuBHoi mam'sti DDR3. JlocTymHi
rirabitHuii Ethernet Ta BOynoBani monyni Bluetooth Ta Wi-Fi, iHppauepBonumii nopr,
MikpodoH Ta 4 moptu USB. OCHOBHI XapaKTEepUCTUKHU PO3TISTHEMO B Tabuil 2.3.

Ile xopommii MIKpOKOMIT'IOTEp 3a HEBeNWKi Tporri. YecHa mpomosuilis 0e3
IpHUKpAC.

[lixaBo, mo Orange Pi Win Plus - equanii MiKpOKOMIT'IOTEpP Y BCbOMY CiMEHCTBI
Orange Pi, saxuit MiCTUTH YOpHUIA KOdip. J[pyKoBaH1 TUIaTu BCIX 1HIUX "aneabCUuHIB", Bij

HaWIepIoi MoJIesi 10 MOJIOAIIOTo Oparta 11p0ro Mikpokomm'torepa Orange Pi Win (6e3
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Ha3BU "TUTr0C" y Ha3B1), BUTOTOBJICHI 3 CUHBOI ApyKoBaHO1 11aTu. CepenHsl IliHa TOBapy

- 1400 rpusens [10].

Pucynok 2.4 — OgHorutatauii mikpokomit totep Orange Pi Win Plus

Tabnuus 2.3 TexHIYHI XapaKTepUCTUKH

[TokazHuk 3HaYCHHS
[Tporecop Allwinner A64 (Cortex A7)
TakToBa yacTtora 1.21Tn
['padiunmii mpouecop Mali-400MP2
06’em RAM-nam’siti 2T1'b
USB 2.0
Wi-Fi 802.11 b/g/n
HowminansHa poOoya Hampyra 5B
Bluetooth V4.2
[Y-tiopT €

[Tudposuii aymio/BineoBuxin

HDMI Bepcii 1.4

AHanoroBuii ay1io/BiaeoBuXi

MiHI-IKEK 3,5 MM

Kapra mam’sari
p

microSD
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[Tponorxenus Tabmuil 2.3 TexHiuH1 XapaKTEPUCTUKH

IToptu BBONY-BUBOAY GPIO 40

["abaputHi po3mipu 93%x60 Mmm

[lepeBaru mikpoxomm torepa Orange Pi Win Plus:
® HEBHCOKA BapTICTh;

® BeJIMKA KUIBKICTh TMOPTIB,;

® JI0CTaTHHO MPOTYKTHBHHIA 32 CBOKO BapTICTh ;

e niaTpumka Windows 10 [oT Core.

Henomniku:

® TOTPiOHE 10JJATKOBE OXOJIOJI>)KCHHS.

Raspberry Pi 4 Model B

BbpeHnn € moHepoM y po3po011i MIKpOKOMIT FOTEPIB 1 100pe BIAOMUNA IPOrpaMicTaMm.
Ha3Ba kommaHii mepekiagaeTbcsi 3 aHIIINACBHKOI sK "ManuHa', ToOMy ayxe Oararto
KOPHUCTYBauiB HA3MBAIOTh MiHI-KOMIT'IOTEP J0OpuM cioBoM "mMannHka". [loennanns "Pi"
O3HAYae€, 10 OPUTIHAIHHOK MOBOIO MPOTpaMyBaHHS, Ha sIKiii OyB HamMCaHUN KOJ
npuctpoto, € Python. Moaudikariist 4 € BIOCKOHAJICHUM MPOJAOBKCHHSIM MOMEPEIHBOT
Bepcii. Haltwacrime npuctpiii Raspberry Pi 4 Model B (puc. 2.5) kynyooTs 3 MeTOO
CTBOPEHHSI cepBepa I «PO3YMHOTr0 OyIMHKY», Meia-IIEHTPY, KOHTPOJIEpa MPOIIEeCiB, a
TaKOX MJi1 po3poOKu noAaTkiB. Bci HeoOXinHiI ajigs pobotu iHTepdelicu monepeaHbo
BcraHoBieHi Ha 3aBoji (Wi-Fi, Bluetooth, Ethernet).

Ha Bigminy Bij OuIbIl JemieBUX KOHKYpeHTIB, € miarpumka HDMI 2.0, mo
JT03BOJISIE BUKOPUCTOBYBATH IJIATy JJII BUBEJIEHHSA 300pakeHHs Oe3mocepeHhO Ha
TeseBi30p (Tmepe MmiaKITIOYeHHSIM MIPUCTPOIO TOTPIOHO MPUI0ATH BiIMOBITHUN KaOeIb).
3abe3neuyeThCss MOXIIMBICTH OJHOYACHOI poOoTu 3 aBoma MoHiTopamu. OcHoBa
CUCTEMH OJHOYIINHA, BOHA CKIIaaeThes 3 mpouecopa Cortex-A72 (KUIbKICTh siaep 4) 1
Bigecokapt VideoCore VI. BupoOHuK cTBepmKye, 110 HOBUEM mnpoaykT Ha 50%

MPOIYKTUBHIIINN 32 MONepeHI0 MoaudiKaio. ACOPTUMEHT MOJIeNIeld MICTUTh KUIbKa
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PI3HOBHUIIB, SIKI BIAPI3HAIOTBCS PO3MIpoM orepatuBHOi Tmam'sti. [lopiBHSHO 3
nonepeaHsr00 MoaudiKaIlier, CTPYKTypHa cXeMa KOMIIOHEHTIB Ha IUIaTi 3MiHUJacs.
OCHOBHI XapaKTEPUCTUKHU PO3TIISTHEMO B TabmuIll 2.4.

3a cmoBaMu MOKYMIIIB, MiHI-KOMIT IOTEp 3/IaTHUNA BUPIITYBaTH OUIBIIICTh 3aB/IaHb,
K1 KOPUCTyBa4 BUKOHY€E LIOJHSA - BeO-cepdinr, 00poOka TekcToBuX (haiiniB, podoTa 3
MY3HUKOIO Ta Bieo. 40-xkonraktauii Tepminan GPIO BianoBinae monepeaniit Mmoaudikaii
1 TO3BOJISA€E IMAKIIOYATH BEIMKY KUIBKICTh 30BHIIIHIX MPHUCTPOiB. JlocTymHMi ayio Ta
BiJICO BUXIJ.

Bupib nocraBiseTbes B KapTOHHIN KOPOOIIi, BCEPEAMHI KO 3HAXOAUTHCS JIOIIKA,
IHCTPYKIlisl 3 eKCIUTyaralii Ta MpUMITKa 3 MOpajJaMH Ta PEKOMEHIAIISIMH I0J0
HanamryBanHs. Ha mymKy mokyniis, 1 Moenb "Terima", HiX nornepeaHi, Tomy 0yJio
0 KOpUCHO mpHUa0aTH JIOAATKOBE OXOJOKEHHS, SKIIO OYIKYIOThCSI IHTEHCUBHI pOOOTH.
TuM, XTO HE TFOOUTH MOBITPSHE OXOJIOKEHHS, MU PEKOMEHTYEMO KYITyBaTH METAICBUI
KOpIyc, sSIKHil po3citoe Terio. Bam nmotpibHo Oyae npundatu OJ0K KUBJICHHS OKPEMO.

Cepenns mina 11 4 I'b cranoButs 2100 rpusens, 11 8 I'b - 3000.

Pucynok 2.5 — OngHomiatauil mikpokomi 'totep Raspberry Pi 4 Model B
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[Toxazauk 3HaueHHs
[Tponecop ARM Cortex A72
TakToBa yactora 1.51Tn
06’em RAM-niam’siti 1TB/2Tb/4TB/8Th
USB 3.0
Wi-Fi 802.11 b/g/n/ac
HowminansHa poGoya Hampyra 5B
Bluetooth v5.03 BLE
YacToTHUA aiarta3oH 2,4/51Tu

udposwuii aymio/BineoBuxis

micro-HDMI Bepcii 2.0

AHaJIOrOBHi ay/110/BiICOBUXI]T

4-KOHTAaKTHUH MIHI-IDKEK 3,5 MM

Kapra mam’siTi microSD
[Toptu BBOAY-BUBOIY GPIO 40
["aGapuTHi po3mipu 85x56x17 mm

[TepeBaru mikpokxom torepa Raspberry Pi 4 Model B:

e pHasisHicte HDMI;

® [IUPOKUN (PYHKITIOHAI;

e MiHI-IIK BXODUTB B TOIT KpalIyX 3a CBOI1 KOIITH;

® HAWMOIYJISIPHIIIA MOJIETh OJJHOTIATHOTO MIKPOKOMIT I0T€Pa, MPOIAETHCS B YCUX

npoiIbHUX MarasuHax.

Henomiku:

® JIJIs1 aKTUBHOI'O KOPHUCTYBAaHHS HOTpi6HC JOAAaTKOBC OXOJOXKCHHA.

ASUS Tinker Board S

OuiHKY OpOJOBXKY€E MPSIMHUI KOHKYPEHT IMOINEPEAHBOr0 YYaCHHKA Bij B1JIOMOTO

po3pobHuka komm'torepaux texHonorii ASUS. IMonymspuicte momeni ASUS Tinker

Board S (puc. 2.6) mouanacst 3 MOMeHTy Buxoay Ha puHOK y 2018 pori. [Ipucrpiii
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JKUBUTHCA BiJl 4OTUpbOXsiaepHOTO Tporiecopa Rockchip RK3288. Ha 6opty € mam’sTh
eMMC, saxa BMmimye 16 I'b. € cinor mis kapt microSD. 3 mux QyHKIIH MOXHa
BUKJIFOUYUTH HAsBHICTh BXOJy HU3bKOI HANpyTH, L0 yCyBa€e MpoOJIeMH, [0 BUHUKAIOTh
i/ Yyac BIAKIIOYeHHS ejaekTpoeneprii [10].

OCKiTbKA MIHI-KOMIT IOT€PH YacTO KYIYIOTh ISl poOOTH 3 TEJIeBI30pOM, L
monenb mae monyns HDMI. Bin 3maTHuil BUKOHYBaTM KOMAaHIHW, MOJaHi 3 IyJbTa
JTUCTAaHIIMHOTO KepyBaHHA. Po3poOHuMKM mokpammin Buxin [2S, noxpamuBiiu
iANOpsAKOBaHUM peskuM Ta oHOBHUBIIM API. OCHOBHI XapaKTepUCTHKHU PO3TIITHEMO B
Tabyumi 2.5.

I'padiune sapo Mali T760 MP4 "opientoBane" Ha poOOTYy 3 MyJbTHUMEIia i
BUKOHY€ MpU3HauYeH1 (PyHKIi 0e3 Oyab-sSKUX cKapr, OyJp TO JOMAaIlHIA KIHOTEATp YU
3BYKOBa CTy.is uu rpadiunuii pemakrop. IcHye BOynoBanuii kogexk HD Audio, skuit
Moke 00poOnsitu motoku 1o 192 xI'm / 24 6ita. 40-kontaktHuil GPIO no3Bomsie
MIJKJITF0YaTH Pi3HI JATYMKU, KHOIIKH, CBITJIOMIONW Ta 1HII 3acO0M 3B'S3KY JIO BallloOTo
MmiHi-IIK. € BOymoBanuit Wi-Fi ta Bluetooth 13 3axucrom Bia pamioyacTOTHHX 3aBajl.

Cepenns 1ina ToBapy - 3000 rpusens [10].

Pucynok 2.6 — Oxgnorutatauii mikpokomi ' totep ASUS Tinker Board S
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[Toxazauk 3HaueHHs
[Tpornecop Rockchip Quad-Core RK3288
TaxkToBa yacTtoTa 1.81Tn
I'padika ARM Mali T764
06’em RAM-niam’s1Ti 2 I'b 2-xanansaa LPDDR3
USB 2.0
Wi-Fi 2.4GHz 802.11 b/g/n
Aymio konek RTL ALC4040
Bluetooth 4.0 +EDR
LAN RTL GB LAN
AHaJIOrOBHi ay/110/BiICOBUXIT 3,5 MM ayaiopo3’em
Kapra mam’siTi microSD
[Toptu BBOAY-BUBOIY GPIO 40
["aGapuTHi po3mipu 8,55%5,4 cm

[TepeBaru mikpokomm’rorepa ASUS Tinker Board S:

e pHasisHicte HDMI;

® [IUPOKUIN (PYHKIIIOHAT;
e siKicHa 300pKa.
Henomniku:

® HE BUABJICHI.

Odroid-XU4

Monens Odroid-XU4 (puc. 2.7) € moaudikaiii€ero mornepeIHboro MoKOJiHHS, SKa

npairoe Ha Linux (Ubuntu, Android 4.4, Lollipop). ITaker MicTUTh OJHOIUTATHHIA

NPUCTPIA Ta OJOK XKUBJEHHA (IO PIIKO 3yCTPIYAETHCS y TaKUX MPHUCTPOiB). [HIm

0COOJIMBOCTI BKJIKOYAIOTh HASIBHICTh MOBHOLIIHHOTO KYJIEpa, [0 TAKOXK € PIAKICTIO. Xoua

11 TeHEepy€E MEBHUM PiBEHb IITyMY, HArpiBaJIbHI YaCTUHU OXOJOKYIOThHCS €(heKTUBHIIIIE,
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HDK B OOJIaHAHHI IHIIMX BUPOOHUKIB. Mojnenb € QuarMaHoM JIHIMKA TPOAYKTIB
Kopeiicbkoi kommawnii [10].

BoceMmusinepuuii mporecop Samsung 3abe3nedye BUCOKY MPOTYKTUBHICTE. Takoxk
BOyznoBaHa mam'sstb LPDDR3 na 2 I'b, ciot ansa mikpokapt (MakcuMaibHa EMHICTD - 64
I'b), poz'emun USB 3.0 ta HDMI tuny A, GPIO na 42 BuBoau. Takox AOCTynmHUUI
mepexesuii KoHTposiep Gigabit Ethernet. BHyTpimHs nmam’site BigcyTHs. OKpiM IUiaTH,
BUPOOHUK MPOMOHYE MPUAOAHHS 1HIITMX KOMIIOHEHTIB: KPUIIIKH, MOJTYJIIB, aJIallTePiB Ta
iHImoro o6magHaHHsA. OCHOBHI XapakTEPUCTUKUA PO3TIISIHEMO B Tabmuil 2.6. Takox y
nponaxy € komiuieke CloudShell 2, skuii Mae BOynoBaHU#l AMCILICH, aKyMYJIsTOp Ta

MOJTYJTi JIUISL T KJTFOUEHHS JKOpCTKUX auckiB. Cepenns 1iHa ToBapy 2400 rpusens [10].

Pucynok 2.7 — Ognomiarauit mikpokomi 'totep Odroid-XU4
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Iloka3zHuk

3HaueHHS

[Ipouecop

Samsung Exynos5 Octa ARM Cortex-Al15
Quad 2Ghz i Cortex-A7 Quad 1.3GHz
CPUs

TaxToBa yacTtoTa 211.3ITho

I'padixa Mali-T628 MP6

006’em Flash-mam’sri o 64 T'b

USB 3.0

Wi-Fi 802.11 b/g/n

Aynio HDMI Digital audio output
Bluetooth HEMae

LAN Ethernet LAN 10/100/1000Mbps
KuBnenus 5B

Kapra mam’siti microSD

[Toptu BBOmy-BUBOY GPIO 42

["aGapuTHi po3mipu

94x70x18 MM

[TepeBaru mikpokom torepa Odroid-XU4:

® BOCBMUSIEPHUM TPOLIECOD;

e BOY/IOBaHUI KyJep;

® YyJI0BE CITIBBITHOIICHHS I[IHU 1 SIKOCTI;

® B KOMIIJICKT BXOAUTDH 010K JKUBJICHHS,

® BUPOOHUK BUIYCKAE BEIUKY KIJIBKICTh J0JATKOBUX KOMIUIEKTYIOUHX.

Henomiku:

® KyJIep LIYMHUH.
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2.3 BUCHOBKH 10 PO3aiiy

B nmanomy posminmi Oynmo posrmsHyto mo Take ARM apxitektypa Ta
MIKPOKOMIT IOTepH. barato KOMIT'IOTEpHUX EHTY31acTiB HaBiTh HE III03PIOIOTH IIPO
ICHYBaHHS OJHOIUIATHUX MiHI-KOMI'IOTEpPIB 200 HESICHO YSBISAIOTH, MPO IO HACTHCA.
JlocBiqUeH1 KOPUCTYBaYl BBAKAIOTh, 10 32 €0 TEXHOJIOTI€I0 MalOyTHE, OCKITLKA BOHA
noeaHye B €00l HE TIUIbKM KOMIIAKTHI PO3MIpH, aje 1 MHUPOKI (YHKIIOHATbHI
MoxxymBocTi. [lomibHe komm'toTepHe oOOJagHAHHS HE XapaKTEPU3YETHCS BHCOKOIO
NPOAYKTUBHICTIO, aji€¢ 3aBAAKM CBOIM KOMIIAKTHHM poO3MipaM 1 HH3bKOMY
CHEpProCIOKUBAHHIO Ma€ IIMPOKY OOJacTh 3acCTOCYBaHHs. 3aBISKA TOMY, IO BCE
HEoOX1HE OOJaJiHAHHS PO3MILIEHO B HEBEJIMKOMY KOPITyCl, MIiHI-KOMII IOT€pU 3JaTHI
BUKOHYBaTH 0€3J114 KOPUCHUX 3aBJlaHb, HAIIPUKIIAJ], CTBOPEHHS «PO3YMHOI0 OyIHUHKY,
MeJia-IeHTpy, cepBepa (Mepexa, MalHHMHT). Y TIO€JHAHHI 3 HHU3BKOIO BapPTICTIO
OuIbIIOCTI MonU(iKaliid, Oararo3aladyHiCTh MIHI-KOMII FOTEPIB 3po0uia I MPUCTPOI
NOMYJISIPHUMU Cepell MPOrPaMiCTiB Ta JIOOUTENIB €IEKTPOHIKU. SIKIIO BH BUPIIIMIA
nigiopatu st cebe MIKpOKOMIT FOTEp, CII1J OPIEHTYBATHCS B NEPILY YEpry Ha BIITYKH
peaNbHUX KOPUCTyBauiB. Taki BIATYKHM PEKOMEHIYEThCS IIYKATH Ha CIEIialli30BaHUX

dbopymax abo Ha cailTax, Je myOIKyIOThCS HE3AIEeXKHI TyMKHU.
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3. BUKOPUCTAHHA IPTV HA ARM APXITEKTYPI

3.1 Bu0ip mikpokomm’orepa

Ha cporomuimmHiii AeHb Ha PUHKY MIKPOKOMII IOTEPIB HEMae Xxoda O SKOroch
CTaHJapTy, AKOro O JOTPUMYBAIUCH Po3poOHMKHU. HallmommpeHimmmu € KoMn'toTepu
Raspberry Pi. [Tpu BuGopi MiKpOKOMIT FOTepa CIIiJl 3BEpHYTH yBary Ha MpoIecop, 0ocsr
nam'siTi, BAKOPUCTOBYBAHY OIlepaliiiHy cucteMy Ta noptu. OfHaK, HE MEHII BayKIMBUM
€ PO3BUTOK IUIaT(OPMHU, OCKUIBKH BOHA aKTUBHO BUKOPUCTOBYETHCS B PI3HUX IPOEKTaX.
Hampuknan, qmst Raspberry Pi Hanmmcano 6arato momatkiB, i € 0€3Iid MPOEKTIB - IS
OUIBIIOCTI CTaHJIAPTHUX JOJATKIB (HANpUKIAJ, JIsi BUPOOHHUIITBA cepBepiB abo
memiarieepi). B ganiii poboti Oyae BUKOPUCTOBYBATHCS Mikpokomir totep Raspberry

Pi 4 Model B, cxeMy sikoro Mu MO>K€MO PO3IIITHYTH Ha PUCYHKY 3.1,

GPIO 40 pin PoE HAT
Wi-fib/g/n/fac 1TB/cek
Bluetooth 5.0 RJ-45
Cnot gna Kaptu
Micro SD
2 x USB 3.0
IuTepdeiic
aucnnea DSI
2 xUSB 2.0
*uenenna USB : C 35
Type-C 5B/3A i e

Mini-lack

2 x micro HDMI IHTepdeiic kamepnCSl

(o 4K/60fps)

Pucynok 3.1 — Mikpokommn’rotep Raspberry Pi 4 Model B
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[I{o6 3p03yMITH MOXKIMBOCTI Ta MPOIYKTUBHICTh O0OPAHOTO MPUCTPOIO, CIIi 3HATH
THII 1 XapaKTEPUCTUKH TIPOIIEcCopa, 0OCAT ONepaTHBHOI IIaM’sT1, TUI BiJIOYiIa, a TAKOXK
MOJKJIMBOCTI iHTepdeticy mikpokom rotepa [11].

A 3apa3 po3ristHeMO KpUTepli BHOOPY MIKPOKOMIT I0Tepa:

1. Tlpormecop MiKpOKOMII IOTepa.

B MikpokoMm’ioTepax MepeBaXHO BHUKOPUCTOBYIOThCS mporecopu 3 ARM-
apXiTeKTyporo. Pi3HI BUPOOHUKH BUKOPHUCTOBYIOTH Y CBOIX MpHUCTposxX yinmu Broadcom
(po3pobHuKu cepii Raspberry Pi opieHTYIOTBCSI Ha MIKpPOIPOIIECOPH TaHOI KOMIIaHii),
Allwinner, Cortex-A7, Samsung Exynos. OcCkiJIbKH MiKpOKOMIT'IOTEpH II€ HEBEJHKI
MPUCTPOI, BOHU MAIOTh MOBITPSHE OXOJIOKEHHS, MIKPOCXEMH MPAIIOIOTh Ha HEBEJIUKIN
TaKTOBIA yacToTi, 3a3Buuail Big 1000 mo 1200 MI'1. 3anexxHo Bia koHQIrypari sika
BUKOPHCTOBYETHCSA, IIPOLECOP MOXKE OyTH OJHO-, ABO-, YOTUPHOX- Ta BOCBMUSICPHUM.
[IpucTpoi, sIKl BUKOPUCTOBYIOTh MPOLIECOPHU 3 BEIHMKOIO KIIBKICTIO SIIEP, MAIOTh Kpally
MIPOTYKTUBHICTB. AJIe Iie IIIe He 03HaJae, 110 BaM HEOJIMIHHO CIIiJT MPUA0aTH MPUCTPIHN 3
TakuM 4inoM. Bce  1e 3amexuTh BiJ TOro, IJIs SKUX 3aBJAaHb BU KYyIyeTe
Mikpokomit otep. B oOpanomy Raspberry Pi 4 Model B BUKOPUCTOBYETBHCS YOTHPHOX-
snepHuit nporecop Cortex-A72 3 TakroBoro yactororo 1.5 I'T.

2. OnepatvBHA MaM’SITh.

Ha npoayKTHMBHICTH NPUCTPOIO BIUIMBAE HE TUIBKM IMIBHJKICTH MPOLIECOPA,
KUIBKICTh SIZIEp Ta iX apXiTEeKTypa, a ¥ po3Mip BCTAHOBJIEHOI OMEpPaTHUBHOI Mam'siTi.
OCKUJIBKM MIKPOKOMIT FOTEPH BUKOPUCTOBYIOTHCS MJii OOpPOOKHM MOPIBHSHO BY3bKHX
3aB/laHb, iIM HE MOTpiOHA BeJIMKa KIIBKICTh OmNeparuBHOI mam’siTi. B ocHOBHOMY Ha
MIKpoKoMIT toTepax BcraHoBieHOo 512 Mb a6o 1 I'b omeparuBHOi mam’sti. OmHak
ICHYIOTh TakOXX Mojelni, B skux mam’ari MeHme 100 KO. BoHu BUKOPUCTOBYIOTH
MIKPOKOHTpOJIEp B KOCTI mporecopa. Raspberry Pi 4 Model B mae Bapiantu 3 1 I'0, 2
['0,4 101816 onepatuBHOi nam’4ati. s nanoi podotu O0yno o6pano npuctpiii 3 4 I'b
nam’ATi.

3. BOynoBana mam’siTh.

[Ile oaHUM BaXJIMBUM MOMEHTOM, SIKMA CIIIJI BpaxoByBaTH MpU BUOOPI

MIKPOKOMII FOTEPA, € HAABHICTH Ta 00°eM BOyIoBaHOI mmam’sarti. YacTo BOHA IIPOCTO HE
) Y.
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nepeadadyeHa B anapaTHIM KoHIryparii npucTporo. 3pemToro, naM’aTh - e 1€ OJHa
MIKpocXema, I SKoi MmoTpioHe Micie. Tomy, 100 3MEHIIUTH 3arajlbHUN po3Mip 1
BapTIiCTh, BOHU YaCTO MPOCTO BCTAHOBIIOIOTH CIIOT JJIsl KapT mam'sati (3a3Buyait SD abo
microSD). flkmo € BOyaoBaHa mam’siTb, TO HaWYacTillle BOHM BCTaHOBIIOIOTH 4 0.
Meniie MoXKHAa 3HAWTH JIMIIE B MIKPOKOMITIOTE€paxX, SKI OUIbIIe HaraaymTh
MIKPOKOHTPOJIEPHI CHCTEMH 3a CBOIMH CXEMaMHd Ta MOXJIMBOCTSIMHU. [lam'saTh
BUKOPUCTOBYEThCS JJIg 30€piraHHs oOIepaiiHol CHUCTEMH, a TaKOX Iporpam, IIo
BUKOPUCTOBYIOTBCSI, TAKMX SIK CEpBEpHE IporpamHe 3abesrnedeHHs. B Raspberry Pi 4
Model B po3miiieHo ciot mist microSD-kapTi.

4, BOynoBaHMIA BIJEOYII.

Takox 111 3B€pHYTH yBary Ha THII BII€OUINa, IKUI 3a0e31euye 00poOKy rpadiky.
Jlnst Raspberry Pi e 6yne uin Videocore, a st iHITUX MPUCTPOIB - 1HIII MPUCKOPIOBAUl
Mali. Bzarami, ne noTpiOHO 3HATH JMIIE [Js TOrO, HI00 MpaBUIBLHO BHUOpaTH
TucTpuOyTUB ormepalliiiHoi cucreMu. Bam He moTpibHO Oyne obpobnatu rpadiky 3a
JIOTTIOMOT'0F0 TaKOTo TpucTporo [11].

KpiM TOro, mnpomoHyrOTbCS MIKPOKOMIT FOTEPH, SIKI 30BCIM HE OCHAILEHI
BijieouinmamMu. BoHu He myke moTpiOHI B cucTeMi aBToMartu3allli. B Takux Bumangkax,
KO HEOOX1AHO 3a0e3neuuT BiAoOpakeHHs TMeBHOI 1H(opMmalli, 1HIUKaTopu ado
eKpaHu MmiKIo4aTees 10 noptiB GPIO, mo BuMarae 3HaHHS NPUHLMUIIB POOOTH Ta
YIOPaBIIHHS MPUCTPOSIMH BioOpaxkeHHs 1Hopmarlii, o0 3a0e3MneyuTy iM MpaBUiIbHI
KOMaHIM. 3 Mikpokomin totepa. Raspberry Pi 4 Model B mae BOynoBaHmii Bimeodirn
VideoCore VI.

5. Iurepdeticu.

Haitnockonanimn mikpokomit'totepu ocHaieni HDMI, Wi-Fi, Bluetooth, mopramu
USB, mnopramu LAN, npuctposMu [uisi 34YMTYBaHHA KapTOK, II0 JIO3BOJISE
BUKOPUCTOBYBATH 1X SIK MOBHOILIIHHI KOMITIOTEpH, X04ya 1 HE AYy»KE€ MOTYXHI. AJe Ha
TaKOMY MPUCTPOi 3pOOUTH Meiarieep HEMAe KOHUX NpoodsieM. Bee 1o Bam noTpiOHO
3pobuTH, 11e BUOpPATH BiAMOBIIHAN TUCTPUOYTUB OTIEPAIIIIHOT CUCTEMU, IKUH HE MAaTUME

KOAHUX HaamipHOocTed. KUIbKICTh Ta CKJaj MOPTIB 3alieKUTh BiAg mojeni. Tomy,
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BUOMpAIOYM MIKPOKOMIT'IOTE€p, TMOJWBITECA Ha OMUC KOHKPETHOI MoOjeni, Io0
IIEPEKOHATHUCS, 110 B HHOMY € BCE HEOOXIIHE IJIs peaizaliii 3agymMmanoro mpoekry [11].

JIJist TUX, XTO TUIAaHYE BHKOPUCTOBYBATH MIKPOKOMIT IOTEP SK OCHOBY OYJIWHKY,
odicy UM cHCTEeMH aBTOMAaTH30BaHOI MpomuciioBocTi, moptu GPIO BaxmmBimi. Yum
Ounpine iX, TUM OuTbIne mepudepiiHUX MPUCTPOIB MOXKHA MIAKIIOUATH IO OJHOTO
npuctporo. Kpim Toro, moTpiOHO AUBHUTHUCS HE TITIBKU HA T€, CKUIBKH MPUCTPOIB MOXKHA
MIJKJIIOYUTH JI0 TIOPTIB, aje 1 Ha Te, 110 BOHM 37aTHI pooutu. CrpaBa B TOMY, IO Ha
koHTakT TopTy GPIO MOXHA MigBICUTH HE TUIBKM YIPaBIiHHS BBIMKHEHHS /
BuMKHEHHs, a ¥ M (mupoTHO-IMIYJIBCHY MOIYJAIIIO), sIKa HEOoOXiaHA s
YOPaBIIHHSA TaKUMH TPUCTPOSIMHU, SIK KPOKOBUHM €NeKTpoABUTYH. OTxe, B PIZHHX
MIKPOKOMIT'FOTEPAX MOK€ OYTH B1J] OJHOTO IO YOTUPHOX KOHTAKTIB, 3a IOMIOMOTOI0 SIKHX
MoykHa opranizyBatu [IIIM-kepyBanHs nepudepiitaumu npuctposimu [11].

[HmMit MoMeHT - ue miIargpopMa, 3 SKOK MIKPOKOMII FOTEP B3a€EMOJIIE.
Komm’rorepu Raspberry Pi ta momiOHi Mojeni 1HIIMX BHPOOHHUKIB € MOBHOLIHHUMU
MPUCTPOSIMU (XO4a X HACIIpaB/ll MOKHA TOEIHYBATH 3 1HIIUMH), a maTdopma Eduson
YacTO BBAXXAETHCS MPOJIOBKEHHAM IIaTHOpMH MiKpoKoHTpoJiepa Arduino. IcHye HaBITh
crieriajgbHui HaO1p A1 IIUX MIKPOKOMIIT IOTEPiB, 32 JOTMIOMOTOI0 SIKOTO KOPUCTYBAaY MOXKE
PO3BUBATH CBOI i71e1 a00 MiIKIIF0YaTH MiKpokoMIt 1oTep 10 Arduino [11].

Raspberry Pi 4 Model B niarpumye Wi-Fi 802.11b/g/n/ac (2,4 i 5 I'T'r), Bluetooth
5.0 3 BLE, na maTti posramioBani 2x micro-HDMI Bepcii 2.0, 4-KOHTaKTHHI MiHi-KEK
3,5 MM, 2x USB 2.0, 2x USB 3.0, nopt ms kamepu Camera Serial Interface (MIP1 CSI),
nopt a1 ekpany Display Serial Interface (MIP1 DSI), po3’em miis sxusnenns USB Type-

C, a Takox 40 noptiB BBOy-BUBOAY GPIO.

3.2 Bu0ip onepaniifHoi cucremu

3aBIsSKM BEJIUKIA MOMyJIIpHOCTI MiKpokKomIl'toTepiB Raspberry, mis mux Oyna
po3pobIieHa eBHa KUTBKICTh onepariiitaux cucteM. [lepeBaxHo 1ie nuctpudyTrBH Linux,

TakoxX € pi3Hi Bepcii cucreM i 10T, Hasite Windows 10. Bei 1i onepariiiini cucteMu €
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B NOOBS. NOOBS - 1ie nporpama, sixka npejactanisie 3 cede iHTepdeiic kopucTyBaya i
J03BOJISIE JIETKO BCTAHOBHMTH PIi3HI omepaliiiini cucremu st Raspberry Pi. 3aBasku it
nporpaMi MokHa BcTaHOBHUTH sIK oaHy OC, Tak 1 Jekiiibka, a oOpatu MOTpPiIOHY BaM
CUCTEMY MOXHA MPU 3aBaHTaXEHH1 KoMIl toTepa. [loBepHYyTH cUCTEMY 10 MOYaTKOBUX
HAJAITYBaHb MOXKHa 3a JIOTIOMOTOI0 CIeliaidbHOro po3aity Recovery, sxuit
CTBOpIO€ThCs i yac ycranoBku OC [12].

Ha Raspberry Pi nmepen0aucHa BejvKa KiJIbKICTh ONEPALIHHUX CHUCTEM, aje It
MOCTaBIICHOT 3aj1aui MAXOIUTh HE KOKHA. 3apa3 pO3TISIHEMO TPH OIEpaIliiiHi CUCTEMH,
3a JOMIOMOT010 SIKUX MO>kHa cTBOopuTH IPTV mpucrasky:

e OpenELEC (Open Embedded Linux Entertainment Center). ductpuOyTun
Linux, skuii mocravaeTbes 3 moprom MeaianenTpa Kodi. Leit quctpudyTrB He 6a3yeThes
Ha SIKOMYCh 13 TUCTpUOYTHUBIB Linux, a BUKOPUCTOBYE BIACHUI pO3BUTOK. Meaia-LieHTp
MPOCTUN Y BUKOPUCTAHHI Ta HA/Ia€ JOCTATHBO (DYHKIIiH, HABITh € MOXKJIMBICTh KEPYBaHHS
3a nonomoroto nyibTa JIK. 3anmyckaerbes cucteMa J1yKe IBHUJIKO 1 3aliMa€e Majio MICIs
Ha aucKy. OCHOBHUH HEIOJIK MOJISTAE B CKIIAAHOCTI HAIAIITYBAHHS CITy»)0 LiNUX, Takux
sk SSH [13];

e OSMC ab6o Open Media Media Center - me auctpuOyTuB, IO TpAIOE B
cepenoBuiili Kodi (panime XBMC) i npu3HavueHuii 111 CTBOPEHHS JOMAIIHHOTO Me/Tia-
ueHtpy. Lle HaiinmpocTimuii Meaia-ueHTpy B BUKopucTaHHi 1is Raspberry Pi. Ha Binminy
Bil Kodi, OSMC mae uyuctimmii Ta npoctimuii iHTepdeiic, Oyno BuUpizaHO Oarato
3aiiBoro 1 HemoTpiOHoro. TakoX TyT OOCTYNMHHMH IHTEPAKTHUB, 34 JOMOMOIOIO SIKOTO
MOXHa BIATBOPIOBATH BIJIEO, MY3HKY, Heperisaatd Qororpadii, 3amyckaTtd IHIII
nporpaMu a00 HajalTyBaTH cUCTeMy. JIo TOro » € MOKJIMBICTh BCTAaHOBJICHHS Ta
HaJallITyBaHHs 10NOBHEHb MeniauenTpy Kodi 1 nucranuiitne kepyBanus. J{uctpulOytus
06a3yerbest Ha Debian - came 1ie q1o3Bossie BukopuctoByBatu SSH, FTP, Samba ta inmmi
ciyxou ooMminy aiimamu [13];

e LibreELEC po3mmudpoByethes sik Libre Embedded Linux Entertainment Center,
BiaranyxenHs npoekty OpenELEC. Bin mae 6araro cniiasHoro 3 iHmuMm. Lle o3Hauae,

10 BiH yCHAJKOBYE 0arato XapakTepUCTHK IHIIIOTO, Xo4a 1 3 JAeskuMu 3MiHamu. lle,
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3Buyaiino, nuctpudytuB GNU / Linux, sxuii BukopructoBye Kodi st po60TH TOUHO Tak
camo, sk OpenELEC. LibreELEC craB pe3ynsTraToM TBOpYOi HE3rogud MiX
po3pobuukamu OpenELEC, ki BUpIIIMIN MITH IHIIAM NUISXOM 1 CTBOPUTH BJIACHUMN
npoekT. Cepel BIAMIHHOCTEH HOBOTO MPOEKTY € O1IbIlIa KUTbKICTh TECTIB, K1 MPOXOSAThH
nepe] BUX0A0M cTabipHO1 Bepcii [14].

Ha panuii MOMEHT y HBOMY € BEJMKa CIUIBHOTa PO3POOHMKIB Ta YHUMAJIO
MOCTIJOBHUKIB, Kl MATPUMYIOTh CUCTEMY B HaJIe)KHOMY CTaHI Ta JOCSTaOTh MO3MINT
LibreELEC 3a xepMoMm, He3Ba)karouu Ha Mi3Hime npuoytts [14].

LibreELEC € anprepnatuBoro OSMC Tta OpenELEC. Ane 3 Takum BuOOpOM
KOpPHUCTYBa4yaM Ba)XKKO BUOpaTu HaWkpaiuii 3 Hux. [IpaBaa B ToMy, 1110 KOXKEH 3 HUX OyB

ou uymoBuM BrOOpoM. OTHAK € HeBEHKi aeTaui, siki 3poowu LibreELEC migepowm:

BcraHoBuTH OpenELEC tpoxu cknannime, Hixk LibreELEC;

- LibreELEC nyxxe no0pe miATpUMYETHCS Ta OHOBIIIOETHCS MOPIBHSAHO 3 1HIIMMU
IPOEKTaMU;

- skiio BU BUKopucTOBYyeTe Raspberry Pi, LibreELEC nyske mo0Ope mpaiitoe 3 HUM;

- LibreELEC He Mae KOHKpETHHX MpoOJieM Oe3NeKH, MPEICTABICHUX IHIIUMH
npoektamu, Takumu sik OpenELEC;

- Kodi ne € BapianToM nopiBHsHb 3 1HIMMH, TakuMu K OpenELEC a6o OSMC,
OCKIIbKM BOHHM TaKOXX MOTO BHKOPHUCTOBYIOTH, ajie IIe¢ MOXKe OyTH TepeBaroro
nepe1 IHIIMMHU MTpoeKTaMu, siki Kodi He BUKOPUCTOBYIOTH;

- Habarato npoctimui, Hixk OSMC, sikuii € qy’ke TOBHUM IUCTPUOYTHUBOM, X0OYa 1€
1 oomexye moxamBocti ELEC.

[MpoananizyBaBimy maHi cuctemu, s BupimuB B3stu LiIbreELEC B sxocti
OIepaliiHOi cUCTEeMH JJIs MyJbTHMEia, TaK K BOHA n00pe mpariroe 3 Raspberry Pi,

MPOCTa y BUKOPUCTAHHI Ta MOCTIHHO OHOBITIOETHCS.

3.3 BcranoBJjieHHs1 onepailiiinoi cucremu Ha Raspberry Pi

3apa3 po3risiHeMo 3 cocoOu, 3a I0MOMOT OO SIKMX MokHa BcTaHOBUTH OC Ha

Raspberry Pi:
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e npuadannsa SD-kapTu 3 monepenHbo BcranoBiaeHMMH Raspbian abo NOOBS;

e 3apanTaxkeHHss NOOBS na kapty nam'sti Ta BcranolieHHs 3 Hei OC Raspbian;

e BCTaHOBJIEHHS 00pa3y Raspbian 6e3nocepeanbo Ha SD-KapTy.

[Tepuii croci® HAUMPOCTIMINM - BIH HE BUMAarae >KOJHUX J0JIaTKOBUX JIii.

VY npyromy BUNIQAKY MPOILIETypa BCTAHOBICHHS TaKa:

1. Cnouatky notpiOHO (popMaTyBaTh KapTy Mam'siTi BKazyrouu QaiiioBy cucTeMmy
FAT32.

2. 3aBantaxre apxiB 3 NOOBS, posmakyiiTe #oro Ha KapTy HaM'aTi Tak,mo0
(baiiau 3HaXOIUITUCh Y KOPEHEBOMY KaTajo3l.

3. BceraBte HeoOxigny nepudepito B Raspberry Pi: knaBiatypy, MuIiy i MOHITOD
yepe3 USB, migkimouiTe 10 pKepena KUBJICHHS. SKI0 BU XO4YeTe BUKOPUCTOBYBATH B
SKOCT1 MOHITOpPA TeJIEeB130p, MOTPIOHO MIAKIIOYUTH oro uepe3 RCA.

4. Axuo expan niakarodeHuit uepe3 RCA, HatucHiTh knasinry "3".

5. VY BikHI BuOepiTh omepailiiiny cucreMy Raspbian, ykpaiHChKY pO3KIaIKy
KJIaBiaTypy Ta MOBY. YKpaiHCbKYy MOBY BCTaHOBHTH He MokHa. Hatmcuite " Install”,
JoueKaiTecs 3aBepIIeHHS MPOLIECY BCTAHOBJICHHS Ta BBIMKHEHHS.

6. ¥V BimoOpakenomy mento " Configuration Tool " B TpeThOMy IyHKTI BUOEPITH
JIpYTuil BapiaHT BCTaHOBJEHHS rpadiuHoro intepdericy kopucryBaya LXDE.,

7. HatucuiTe " Done ", modekantecs mepe3arycky.

8. SIkmo BaM MOTPiOHO YBIWTH 3a TOTIOMOTOIO JIOTiHA Ta MapOJisi, BBEIITh B PAAKY
JIOT1H pi, MapoJib Faspberry, To/11 poOOUMiA CTUT BIAKPUETHCS.

Y TperboMy cmocobi mpoliec MOHTyBaHHSI oOpa3zy Raspbian wa SD-kapry
BUTJISIINTH TaK:

1. Jlns mouaTky mOTPIOHO 3aBaHTAXKWUTU apxiB 3 o0Opa3oM 3 caiTy
https://www.raspberrypi.org/downloads/;

2. Po3nakyBartu apXiB, MiCJIs YOTO TIOBUHEH BUUATH (aiin .img;

3. Bcranosnennst SD-kaptu B [1K;

4. MoHTYyBaHHS BCTaHOBJIEHOTO (pailiy;
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5. BecraBte HeoOxiany nepudepito B Raspberry Pi: knaBiaTypy, MUy i MOHITOP
yepe3 USB, miakmouiTe 10 JKepesa *KUBJIEHHS. SIKII0 BU XO4eTe BUKOPUCTOBYBATH B
SIKOCTI MOHITOPA TEJEBi30p, MOTPIOHO MiAKIIOUNTH ioro yepe3 RCA.

6. SAxmio expan miakmoueHnit uepe3 RCA, HatucHiTh kiapinny "3".

7. Y BimoOpaxxenomy mento " Configuration Tool " B TpeThOMy TyHKTI BUOEPITH
JpyTHii BapiaHT BCTaHOBJEHHs rpadiunoro iHTepdeiicy kopuctyBada LXDE.

8. Hatucuits " Done ", nodekaitecs mepe3amycky.

9. SIxmo BaM MOTPIOHO YBIWTH 3a JOMIOMOTOIO JIOT1HA Ta MapOoJisl, BBEAITh B PAIKY

JIOT1H Pi, MapoJib raspberry, TO1 pOOOUHUii CTIT BIIKPUETHCS.

3.4 Becranosienns LibreELEC na Raspberry Pi 4 Model B

PosrnstHemo ocobmuBocti Bepcii LibreELEC 9.2, sixy OyneMo BCTaHOBIIIOBATH Ha
MikpokoMil totep. Cepell OCHOBHUX 3MiH B HOBIM Bepcii € HagaHHs 0(pILiiHHOT TIATPUMKHI
miat Raspberry Pi 4.

Onue 3 HUX nosisirae B Tomy, 110 Raspberry Pi 4 moxe 00po6ssitu Bigeo 4K, ane
BiJICO 3a 3aMOBUYYBaHHIM BimoOpaxaetrhcs y popmari 1080p. 3 miero MeTor0 J0/aHO
onuito "Hdmi_enable 4kp60 = 1", mo6 yBimMmkHyTH BuBeaeHHs 4K y ¢aitm config.txt.
Raspberry Pi 4 Takox aojgae miaTpUMKy anapaTHO MPUCKOPEHOTO JAEKOAYBAHHS BIJEO
HEVC.

Hapasi ocHoBy cuctemu Kodi Media Center onoBiieHo 110 Bepcii 18.5. Aapo Linux
Ha 30ipkax x86 oHoBIeHO 110 5.1, anie Raspberry Pi npomnonye simpo 4.19 3 nogatkoBuMu
rmaTyaMM, 3aBaHTaXKeHHMMH 3 Raspbian. [lomana migTpumka apaiiBepiB BeO-Kamepw.
JoctynHuii cnemiagbHuil 1HTEpdEUC Il OHOBJICHHS TPOIIMBKUA 3a JOMOMOTOIO
3aBaHTa)kKyBaua, BcraHoBJeHOro Ha Raspberry Pi 4 flash SPI.

VY Bunaaky 3 Rockchip cucrema 3anmimaerbcss B cTaHi OOMEKEHOT IMiATPUMKH.
Ockinbku Bepcis Kodi oHOBieHa, 3HaYHUX TIOKpalleHb y BIJIEO Ta ayaio He
crioctepiraeThcsi. ToMy KoMaHa MpaIroe Haj MATPUMKOIO B MailOyTHbOMY, KOJIM BOHA

nepeopieHTyeThes Ha siapo Linux 5.
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Ha nomarok no cranmaptHux ¢ynkuii Kodi, nuctpubytus 3abe3nedye HU3KY
1HIUX QYHKIH, CIPIMOBAHUX Ha MPOCTOTY BUKOPUCTAHHSA. PO3po0iseThes crieriaabHe
JIOTIOBHEHHS 710 KOH}Irypaiiii, sike T03BOJIsIE€ HAJAIITOBYBATH MapaMETPH MEPEKEBOTO
MiIKTIOYCHHS, KepyBaTu mapamerpamu PK-ekpany Ta BMukatm ab0 BHMHKATH
ABTOMATHYHY 1HCTAJIAIIF0 OHOBJICHB [15].

s BcranoBneHHs LibreELEC na Raspberry Pi 4 Model B cnouatky Ham
3Ha00uThCs SD-Kkapta. [1pu HeoOxiaHOCTI 11 moTpi6HO popmaryBaTt y popmat FAT 32.
Temep mnepexomumo Ha caidt LibreELEC 1 oOumpaemo mnoTpiOHy cucteMy IS

3aBaHTaxeHHs iHcTansTopa (Pucynok 3.2).

0‘ LibreELEC

Just enough 0S for KODI

LIBREELEC DOWNLOADS
To create bootable USB or 5D Card installation media for any LibreELEC supported platform
please download the “LibreELEC USB-5D Creator” app and run it with administrator rights.

# LibroFLEC USA-SD Creatar

£ Download for Windows

0‘ LibreELEC

Seect version show al

Amspbery P12 and 3 = | | LbreflEC AP arm-5.0.0.mg.gz, 123 M8

o Dovenioad or select a local mage Sle

Doveioad Select Sl
{2 Download for macOS

R > &

1E) seect vour LS8 stick or 50 card

o write mage

SUPPORT & ASSISTANCE

Pucynok 3.2 — Caiit 3aBanTaxkeHHs iHcTaystopa LibreELEC

I[Ticyist 3aBaHTaKE€HHS BUKOHYEMO HACTYIIHI JIii:
1. 3amyckaemo 1HCTaISTOP.
2. Y BIKHI, fKe€ 3 SBUJIOCS TICIsA 3alyCKy OOWMpAaEMO TPHUCTPIA Ta BEPCIIO

LibreELEC xotpy 0axxaemo BctaHoBuTH (PucyHok 3.3).
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BubepiTe BEpCD MNokazaTu Bd

Raspberry Pi 4 - LibreELEC-RFi4.arm-5. 2. 7.img.gz, 129 MB i

Pucynox 3.3 — Bubip mpuctpoto Ta Bepcii LibreELEC

3. Haruckaemo “3aBantakutu’ 11 3aBaHTaxeHHs (aiiny o0pasy (Pucynok 3.4),

Ta 0OMPAEMO NUISX PO3MIIICHHS.

0‘ JapaHTaTe abo BUDEPITE NoKANEHWIA dalin obpasy

3EBAHTEHMTH BubpaTti dain

C:/Users/dgorz/Downloads LibreELEC-RPi4.arm-2. 2. 7.img.gz

Pucynok 3.4 — 3aBanTaxkeHHs ¢aiiy oOpasy
4. Jlami oOupaemMo npucTpiii Ha sikuii Oyne BcTaHoBIIeHO o0Opa3 (PucyHok 3.5).

9 BirbepiTe Baw |USE-guok abo SD-+apTy

G\ [TOSHIBA, 14.4 GE] v | D

Pucynox 3.5 — Bu6ip npuctporo st BCTaHOBJIEHHST 00pazy

5. Tenep natuckaemo “3amnucatu’” (Pucynok 3.6), Ta uyekaeMo 3aBEpIICHHS

3amnucy.

o JanMwiTe obpas

SanNWCaTH

3anu|c 3aBeplueHs!

Pucynok 3.6 — 3anuc o6pazy

Tenep, xonu 06pa3 OyB yCHIIIHO 3anucaHuil Ha pieniky, noTpibHO Oyae BUMHATH
il 1 BCTAHOBUTH B MIKPOKOMII FOTEP, MIAKIIOYUTH HOTO JO TEJeBi3opa Ta MEpexi 3a

nonomororo kademo HDMI ta enextpokuBieHHs. [1icis miaKI0ueHHs 1 BCTAHOBJIECHHS



LibreELEC na expani 3’sIBISI€TbCS BIKHO 3 HaJAIITYBaHHSMH, JIe MU

MoBY (Pucynok 3.7).

(1] .
‘mx  Movies

TV shows
Music
Music video
TV

Radio
Games

Add-ons

Jo

O
W
]
w

o
2
ar

Just enough OS for KODI

Welcome to LibreELEC

through the prc of setting
LibreELEC 1g your location, timezone and connecting you to
the internet.

tings can be changed later by navigating to Programs > LibreELEC

Lar guage:

English

Pucynok 3.7 — HanamtyBaHHs MOBU

o1

MOKEMO 3MIHUTH

Il media, enter
yeen added and

HanamryBapimm MoBy, MOTPIOHO 0OpaTH MIAKIIOUEHHS 10 MEPEXi, MIKII0YAEMO

cyxO6u  SSH i Bigmanenoro goctymny i Samba sikmo Oyaemo 3aBaHTakyBatu (haiim

no JokanbHii wmepexi. [lpum migkmouenni SSH morpi6HO 3minutH maposb. [lo

3aBEPIICHHIO IIUX HaJalITyBaHb 3aBaHTAXUThCS OOpaHa MOBa 1 CHCTEMa IOBHICTIO

roToBa 70 poOOTH.

o6 pO3MMPHUTH MOKIUBOCTI ITIE€T CHCTEMH, MU MOYKEMO JIOJaTH MOCUJIaHHS Ha

penozutopii. s 1mporo obupaemo JlomoBHeHHsi > BcranoButu 3 daiinmy ZIP

(mornepeaHbO MOTPIOHO 3aBAHTAXKUTH APXIB 3 PEIIO3UTOPIEM 13 THTEPHETY 1 3aMKUCaTH HA

USB ¢nemky). Ilpu mnepiioMy BCTaHOBJIEHHI

CUCTEeMa 3alpoCUTh JIO3BUI Ha

BCTAHOBJICHHSI 3 HEBIJIOMUX JKeped. B peno3utopii MoXHA 3HAWTH OaraTo I[IKaBUX

JOJAaTKIB 1 TporpaM, HaNpHKIad: OHJAiH KiHoTearpwu, YouTube, Torrent-tpekepwu,

nporpamu ais neperasgy IPTV 1 6araro inmioro.
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Tenep nmoTpiOHO HANAIITYBATH JUCTAHIIIMHE KEPYBaHHS JaHUM MYJIbTUMEI1HHUM
tenTpoM. s mporo 3HanoouThes cmaptdon Ta nporpama Kore (Official Remote for
Kodi), sxy moxHa 3aBanTaxkutu B Google Play Store.

3alyCTUBIIM TPOTpaMy, BOHA 3alpOINOHYE aBTOMATHYHE IiIKIOYCHHS JI0

MeIialeHTPY, KO0 BOHU 3HAXOIATHCS B OJHIN JIOKanbHIK Mepexi (PucyHok 3.8).

No6aBuUTtb
MeaunaLeHTp

HauHéM c po6aBneHus megmaueHTpa. Yéegurecs,
4710 Kodi BKNHOYEH, HACTPOEH U HAXOAUTCS B TOMU
XK€ CeTW, YTO U ITO YCTPOMUCTBO.

MonyunTb cnpaeKky Mo HacTPOKe Bbl MOXKeTe
Lecb.

Korpa 6yaete rotoBbl, HaxxmuTe fanee.

OTMEHA

Pucynok 3.8 — IligkmtodeHHs 10 MeialeHTPy

[lepen Tum gk HaTUCKAaTH KHOMKY “/lami” moTpiOHO 3alTM B MeEIIalleHTpl 3a

nuisxom: HanamryBanns > Cinyx6u > KepyBaHHsI, Ta T03BOJUTH BiJIJJaJICHE KEPYBaHHS

yepe3 HT TP (Pucynok 3.9).
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HanawutysaHHs / Cnyx6u

3aranbHi
[o3sonuTu BigaaneHe kepysaHHA Yepes HTTP

KepyBaHHs
- Moprt

HRREADER - Require authentication
AirPlay - I'st kopuicTyBaYa
SMB-KknieHT -Mapone

- YBIMKHYT! SSL
Moroaa
Beb-iHTepdelic Kodi web int

0380/ BifAaNeHe KepyBaHHs Nporp Ha Ui cuctemi
{0380/ BigAaneHe KepyBaHHsA Nporpa Ha iHLLNX cucTemax

CKMH‘,’W\ Hana 1d4€Hb 3a NPOMOBYaHHAM

Pucynok 3.9 — HanamryBanus BijiaieHoro kepyBanss uepe3 HTTP

Ak Tineku Kore 3Hailliuia Haml MOPUCTPid, oOMpaeMo HOro Ta MPOXOAUMO

aBTeHTudikaiio (Pucynok 3.10)

PyyHaa HacTpounka

BBE[J,VITE napamMeTpbl MeguaueHTpa:

ﬂOI‘IOﬂHI/ITeI]bele napamMeTpbl

Wcnonbsosatb TCP

Ucnonbaosatb EventServer |

Show in share sheet

NMPOBEPUTb

Pucynok 3.10 — ABrentudikariis



Axmo Bce mpounuio ycmimHo, KOre moBHICTIO TOTOBHM /10

Pucynky 3.11 MmokHa moOa4uTH roJIOBHE MEHIO IIPOTPaMH.

ta
-]
o
=
*
-
-
»
o

Kodi (192.168.1.4)

YrnpasniHHa

Ddinbmu

Cepiann

Mysuka

PVR

O6paHe

®dainnmn

NokanbHi hannmn

Hapn6ynosun

HanawTtysaHHa

Pucynok 3.11 — I'onoBHe menro Kore

3.5 BucHOBKH 10 po3aiiny
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BHUKOPHUCTAHHA. Ha

B TperboMy po3aini Oyn0 pO3rISTHYTO KpUTEpli BUOOPY MIKPOKOMIT IOTEpa 1

oOpano Jiy1st 1anoro npoekty Raspberry Pi 4 Model B, Tak sik 1151 Moie/1b 0/1Ha 13 OCTaHHIX

cepii Raspberry i mae Bce HeoOXigHe Ui BHKOPHCTaHHS WOTO SIK MeJiaruieepa.

JlocmimpkeHo Tpy omnepalliiHi CUCTeMH, K1 HalO1IbIIe MAXOAATh IS ITI€l 111, TaKi sK

OSMC, OpenELEC i LibreELEC. S 3ynunus cBiii BuOip came Ha cuctemi LibreELEC.

Ha Moro 1yMKy BoHA HaifKparia HOpiBHSHO 3 1HITUMU, MOCTIMHO OHOBIIOETHCS, 1i JICTTIIE

BCTAHOBHTH 1 IpocTta y BI/IKOpI/ICTaHHi. Takoxx 03HallOMMBCS 3 METOdaMH BCTAHOBJICHHA

omepariiHol CHUCTEMHU Ha MIKPOKOMII IOTED,

Ta MIAKIIOYEHHSIM JUCTAHIIMHOTO

kepyBanHs cucremoro LibreELEC 3a nomomororo nporpamuoro 3adesnedenns Kore na

cMapTQoHi.
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BUCHOBKH

[Tix gyac poboTu s po3risaaas 1o Take TexHosoris IPTV, npunuun i po6oTtu, gxi
CEpBICHU MPOIOHYE KOPUCTYBauaMm, Ta sIK MPOXOJAUTH IOCTaBKa KOHTEHTY. KopucTyBaHHs
JTAHOIO TEXHOJIOTI€I0 BUMAra€ HasBHOCTI CTa0UIBHOTO MiJKIIOYEHHS 10 [HTepHeTy.
Bubuparouu [PTV, notpiGHO BHOpaTH BIAMOBIIHUI MIKPOKOMIT'IOTED, KU 332 CBOIMH
XapaKTEepPUCTUKAMU M1IXOIUTh JIJI1 BUKOPUCTAHHS MOTO SIK MeJliarieepa, CJiiJl ONupaTUCs
Ha TIPOIYKTUBHICTH Ta BapTicTh. Came 3 IIbOTO MOMEHTY B JaHi poOOTiI s MoYaB
posmsinaty  ARM-apxiTekTypy, SKa € OCHOBOIO OUIBIIOCTI MIKPOKOMII IOTEpPIB, 1
HAWUTIOMYJISIPHIII 3 IIUX MPUCTPOIB HA TAHUWA MOMEHT, IXH1 XapaKTePUCTUKU Ta BapTICTh.
B sikocTi mporpaBaua MmynabTHMEIIA ieanpHO miagxoautk Raspberry Pi 4 Model B, onna
i3 ocTaHHIX Mojened Raspberry, a oTke € Maibke B KOXXKHOMY CIEIiali30BaHOMY
MarasuHi, ab0 1HTepHeT-Mara3uHax. Takox 1ei MiKpokoMIl totep Oynae 11eanbHuM s
HOBAYKIB, TOMY 1110 B [HTepHETI po3MilieHo 6araTo iHpopmaiiii, A€ JETAIbHO OMUCYETHCS
KOKHa (pyHKLIA, 5 Tajaro 1e 1yke Benukuil mitoc. e ogaum mirocom € Te, mo ass miei
MO/IeJIl CTBOPEHA BEJMKA KUIBKICTh 3py4HUX mporpaM. Ilicist Toro sk MiKpoKoMI'toTep
BUOpaHo, moTpiOHO Oyio 3ocepeautucs Ha BuOopi OC. Cepen TpbOX UyIOBUX CUCTEM,
takux sk OSMC, OpenELEC i LibreELEC 0yno Baxkko oOpaTu Halikpalily, ajie Bce TaKu
s oOpaB LibreELEC ockimbku 1 cuctema dymoBa MiAXOAWUTH JJIi CTBOPEHHS
MeJiarnieepa, BOHA TOCTIMHO OHOBIIOETHCS, 11 JIETIIE BCTAHOBUTH 1 MpoOCTa Yy
BUKOPHCTAHHI.

[To6ynosa npuctaBku [PTV B Hamn yac nyxe akTyalbHO, OCKUIBKY Y TEJIETJIsI1auiB
MOCTIHHO BUHMKA€E Bce OUIbINE 1 OLIbINE BUMOT ImoAo meperisay 1B, ame mporpec
nrdpoBoro tenebadyeHHs HE 3YMUHSAETHCS 1 MOCTIHHO 3 SBIISIIOTHCS HOB1 TEXHOJIOTTII.
Came IPTV 3apa3 Moxe 3aI0BOJBHUTH BHUMOTH BCiX KOPHCTYBadiB, ajpKe Temep He

npobJieMa neperisiHyTy (GuIbM abo cepiall SKUi TUTbKH 3a0axaent B OyIb-sIKUi MOMEHT.
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CIIMCOK BUKOPUCTAHUX JIKEPEJI

1. Internet Television: ve myrats ¢ IPTV! Pexxum nocryy:
http://www.hifinews.ru/advices/details/23.htm
2. Time Shifted TV. Pexxum noctymy: https://dic.academic.ru/dic.nsf/ruwiki/167431

3. VoD — Buzeo mo 3anpocy. Pexxum poctymy: http://iptv-mag.ru/\VVOD.html

4. Electronic Program Guide. Pexxum goctymy: https://ru.googl-

info.com/297190/1/electronic-program-quide.html

5. IPTV. Pexxum noctymy: https://znaimo.com.ua/IPTV

6. IToctpoenne cetu IPTV: obmue moaxoasl. Pexxum noctyty:

http://lib.tssonline.ru/articles2/fix-op/postroen-seti-iptv-obsch-podhody

7. Pexxumu nepenadi. Pexxum goctymy: https://studall.org/all3-68016.html

8. ARM. Pexxum noctymy: https://dbpedia.org/page/ ARM_architecture

9. IIporeccopst ARM: 0COOEHHOCTH apXUTEKTYPbI, OTIUYUS U IEPCTICKTUBBI.

Pexxum moctymy: https://itc.ua/articles/protsessoryi-arm-osobennosti-arhitekturyi-

otlichiya-i-perspektivyi/

10. PedTUHT JIyqIIuX OJHOIUIATHBIX MUKPOKOMIIEIOTEpOB Ha 2021 roa. Pexxum

noctymy: https://vyborok.com/rejting-luchshih-odnoplatnyh-mikrokompyuterov

11. Bei6op MukpokommbioTepa. Pesxum moctymy: https://club.dns-shop.ru/blog/t-

334-platformyi/16184-vyibor-mikrokomputera/

12.Oneparmonnsie cucteMbl Ha Raspberry Pi. Pexxum moctyry:

https://arduinomaster.ru/raspberry-pi/operatsionnye-sistemy-raspberry-pi/

13.JIyumue onepanuonHsie cuctembl Raspberry Pi. Pexxum goctymy:

https://bestwebber.ru/lychshie-operacionnye-sistemy-raspberry-pi-3/

14. LibreELEC: Bce, uT0 BaM HYXHO 3HaTh 00 3TOM MYJbTUMEAUNHOM IIEHTPE.

Pexum noctymy: https://www.hwlibre.com/ru/libreelec/

15. Hogas Bepcust LibreELEC 9.2 npu6siBaet ¢ moauepxkkoit Raspberry Pi 4. Pexxum

nocrymy: https://blog.desdelinux.net/ru/llega-la-nueva-version-de-libreelec-9-2-

con-soporte-para-raspberry-pi-4/
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Hopatok A

A.1IPTV TECHNOLOGY. PRINCIPLE OF OPERATION, STRUCTURE AND
SERVICES
A.1.1 IPTV technology

IPTV (Internet Protocol Television) is a modern technology that, unlike terrestrial,
cable and satellite, which are traditional types of digital television, transmits data over IP.
The system itself is completely unrelated to the World Wide Web. It is also interesting
that IPTV is developing mainly at the expense of funds provided by telecommunications
companies and operators offering digital and satellite cable services. Not to be confused
with Internet TV, which is transmitted by streaming video and is available to the user
without the participation of intermediaries, it companies - operators.

IPTV is a new generation of television. This technology allows you to get the
perfect picture and sound quality, greatly expands the capabilities of television, by adding
additional services such as:

* Online cinema is a resource that allows you to choose and watch any video
content;

» Time Shifted TV, which is a useful feature of digital television that allows the
user to use the Pause and Rewind keys while watching TV. When using the "Pause”
function, the TV program is recorded on the memory device (hard disk in the digital TV
receiver, video server in the operator's network, external flash drives in the receivers) and
provides its playback using the built-in media player. In the recent past, this feature was
supported only by VCRs and DVD players.

* VoD (Video on Demand) - (from English - "Video on Demand") is a system of
personal delivery of media content to the subscriber. The benefit of this feature is better
explained by example: the user wants to watch an interesting TV show or movie, but he
does not want to go to the store for a DVD or spend time looking for the right content in

good quality, and often do not look for it online ( for example, new Movies). In this case,
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this feature comes to the rescue, which allows you to order the desired video "with home
delivery"”, just by pressing the necessary buttons on the remote control.

* Network Personal Video Recorder (NRVR) - (English - "Network Personal Video
Recorder™) is a digital television service that allows you to record any broadcast video
content and then watch it many times, followed by deletion. In other words, a service for
storing content online for further individual viewing.

* Electronic Program Guide (EPG) or Electronic Service Guide (ESG), an online
service for digital television or broadcasting, provides flexibility in digital content
management. The Electronic Television Guide (EPG) is an on-screen menu that displays
a schedule of TV and radio programs with the ability to interactively navigate content by
time, title, channel, genre, etc. using the remote control. There is also a short annotation
to each point of the TV program. Electronic TV Guide (EPG) is available in all digital
TV receivers, as well as in all modern TVs that have a built-in tuner (decoder) of digital
TV.

IPTV broadcasting is not limited by the number of TV channels and the number of
broadcast content. Restrictions may arise only in the bandwidth of the network of the
IPTV operator and the ISP providing services to the end user.

The architecture of the IPTV system usually has the following components:

« a subsystem for managing the complex and services, which is called "Intermediate
software™ or "IPTV Middleware". This component is the main component of the IPTV
solution, because, ultimately, it determines the set of services that will be available to the
subscriber, the user interface, control algorithm and transition logic. Middleware has the
role of coordinator in the interaction of almost all components of the complex. The core
of the subsystem manages the external components of the complex, maintains a database
of subscribers and services provided to them, is engaged in authentication and
authorization of subscriber devices, and in turn the subscriber portal (it is also called the
Subscriber User Interface) - the person of the whole complex, the interface that the

subscriber sees on his screen, and through which he uses the services;

* subsystem for receiving and processing content;
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* content protection subsystem (technical means of copyright protection);

* subsystem of video servers;

* subsystem for monitoring the quality of customer equipment flows.

All computers (corresponding to system requirements), specialized TV set-top
boxes, media players, TVs with Smart TV technology, mobile devices can act as the client
equipment. At the software level, access to IPTV resources can be carried out using

special applications (programs) and using a regular Internet browser built into the device.

A.1.2 The principle of operation of IPTV

To understand the principle of operation, it is necessary to identify the main
requirements for the solution of the construction of IPTV. In the technical solution, there
are four main functions of the network user:

« the ability to provide streaming video and audio services;

* "video on demand";

* mandatory Internet access;

* collect information resources and provide them with access.

The following basic principles must be met for quality voice and video
transmission:

* maintenance of real-time transport protocols;

* providing the necessary quality of service mechanisms.

The following are considered as sources of information resources required for
network services:

« satellite teleport, which delivers TV programs,

broadcast by artificial satellites of the Earth TV broadcasts;

* direct submission of TV programs from own studios or purchased TV programs;

* video servers;

« servers Of other information resources (games, audio recordings in MPEG-3
format, e-books, programs, other files);

» resources of public networks that make up the Internet.



60

A.1.3 Structure and services

The set of services that need to be provided, especially the need for real-time
services, usually have strict requirements for the transport system. It is very important to
consider them when creating a good network architecture. As an example, video traffic is
characterized by a binary stream with a relatively constant speed, and most subscribers to
the service "video on demand" use it at about the same time - in the evening, as a result,
it affects the uneven load on the network. Table 1.1 shows the specific main indicators of

network loads depending on the service provided.

Table A.1 Estimation of traffic volumes of various provisions

Services Bandwidth | The maximum | The share of Final bandwidth
for one number of subscribers for the service,
subscriber, | subscribers who use the Mbit/ s
Mbit who use the service at the
service same time
Internet access | 0,256 Nx80% = 0,8N | 20% 0,256x0,8Nx0,2
= 0,041N
IPTV
TV 4 (MPEG-2) | Number of 100% MPEG-2 =
broadcasting 2 (MPEG-4) | channels =100 4x100x1= 400
MPEG-4 =
2x100x1= 200
Video on 19 (HDTV) | Nx5% =0,05N | 10% 19x0,05Nx0,1=
demand 0,095N
Voice communication
Audio- 0,064 Nx50% =0,5N | 15% 0,064x0,5N%0,1
telephony (G.711) 5=0,0063N
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Continuation of Table A.1 Estimation of traffic volumes of various provisions

Videophone 0,55 (H.264) | Nx2% = 0,02N | 15% 0,55%0,02Nx0,1
5=0,0017N

Other services

L2 VPN(VLL, |2 Nx1% = 0,01N | 80% 2x0,01Nx0,8=

VPLYS) 0,016N

L3 VPN 2 Nx1% = 0,01N | 80% 2x0,01N%0,8=

(BGP/MPLYS) 0,016N

El (FR, 2 Nx1% = 0,01N | 80% 2x0,01Nx0,8=

HDLC, PPP, 0,016N

E)

Access to local resources

FTP, Gaming, |2 Nx20% = 0,2N | 20% 2x0,2Nx0,2=

local content 0,08N

The minimum bandwidth occupied by subscriber traffic in the 0,272N+400(MP

backbone of the data network EG-2)
0,272N+200(MP
EG-4)

N is the volume of the operator's subscriber base. The numbers given in the table are

taken on the basis of experience of telecommunication operators (statistics),

materials.

Now let's look at each service in more detail:

1. Streaming video

Provides subscribers with the ability to watch terrestrial and satellite TV channels
packed in an IP stream, while broadcasting should be in Multicast mode to ensure
optimization of bandwidth utilization. The bandwidth per channel is given in table 1.1
and depends on the selected encoding and encryption system table.
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TV traffic does not show strict requirements for delays in the transport network,
the maximum jitter (English jitter - jitter) or phase jitter digital data signal - harmful phase
and / or frequency random deviations of the signal. transmission lines in time and different
speeds of the frequency components of the same sign) packets can be 50 ms.

2. "Video on Demand"

If we consider the transport subsystem request and receipt of services "video on
demand" describes an asymmetric interaction, in which the direct channel in Unicast
mode transmits digital video streams and the subscriber interface, and the reverse channel
- requests for information. The requirements for the return channel are small: the
maximum required speed does not exceed 33.6 Kbit / s. The speed specified in Table 1.1
is the average value of the band occupied by the high-definition TV signal, as almost
constantly the "video on demand" service will be implemented in HDTV format.

3. Access to Internet resources

This service does not provide any special requirements for the parameters of the
transport network. Because the quality of service setting treats Internet traffic like a
background, it does not become a "Competitor"” for real-time applications.

In the event that consumers need to be provided with Internet access at a guaranteed
speed, it is necessary to comply with traffic shaping procedures - limiting the bandwidth
of a channel for a single network node below the technical capabilities of the channel to
the node. Shaping is usually used as a way to limit the maximum traffic consumption by
the network node) for a router, which greatly complicates the operation of the network.
Therefore, the optimal model is the one with the maximum achievable access speed and
the expansion of the available bandwidth as needed. In this case, the available bandwidth
is evenly distributed among active buyers. This scheme allows you to best meet customer
expectations, increase traffic consumption and, consequently, the profit from the service.

4. Audio / video telephone service.

As part of the IP-telephony service, you can both provide a standard telephone
service and expand it - by using videophones of various kinds (including software). In the
second case, the systems are really analogs of video conferencing systems and can be

served by the same control systems as IP-telephony services. To ensure the proper
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functioning of these applications, you need to create a symmetric channel with the
following bandwidth:

* audio-telephony: 83.44-91.56 kbps (G.711, Ethernet);

* videophone: 549.4 kbps (H.264, Ethernet).

5. Other services

These include the use of transport network resources in the form of renting a certain

bandwidth (digital stream) or the implementation of a corporate put: L2, L3 VPN [6].
A.1.4 Content delivery

There are three main ways to transmit traffic over an IP network: unicast, broadcast,
and multicast.

You need to understand the differences between these methods, it is very important
to understand the benefits of IP-TV and for the practical implementation of video
broadcasting over IP-network.

Each of these methods of transmission uses different types of distribution of IP
addresses in accordance with the tasks, and in the degree of their impact on the amount
of traffic consumed, there is a big difference.

Unicast traffic (unicast packet transmission) is more used for "personal” services.
Each participant can request relevant video content at any time.

Unicast communication is transmitted from one source to another by the destination
IP address. This email address can only belong to one computer or STB subscriber in the

network, as shown in Fig. 1.1.

Source .
Unicast

./ . .
=1 transmission
[ |

| —

‘—'f

la

Destination

Figure A.1 - Unicast technology
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The number of subscribers who can receive unidirectional transmission at the same
time is limited by the flow (bandwidth) available in the network backbone. In a Gigabit
Ethernet network, the maximum data rate can theoretically reach up to 1 Gbps minus the
bandwidth required to transmit service information and inventory the device. For
example, suppose we can allocate no more than half of the bandwidth in the backbone to
services that require one-way transmission. For the case of 5 MB / s per MPEG2 TV
channel, it is easy to calculate that the number of subscribers receiving one-way
transmission at the same time cannot exceed 100.

Broadcast traffic uses a special IP address to send the same data stream to all
participants in the IP network. For example, such an IP address may end in 255, for
example, 192.0.2.255, or it may have 255 in all four fields (255.255.255.255).

It is important to know that broadcast traffic is received by all connected computers
(or STBs) on the network, regardless of user preferences. For this reason, this type of
transmission is mainly used for network-level service information or for the transmission
of other exclusively narrowband information. Of course, broadcasting is not used to

transmit video data. An example of translation is shown in (Fig. 1.2).

Source
y___/
EI Broadcast transmission
g
Y Y Y

| | |
. -
pm——r  a——r —

r__ 4 F____d A
Destination Destination Destination

Figure A.2 - Broadcasting technology

Multicast traffic (group packet transmission) is used for video streaming when you
want to deliver video content to an unlimited number of subscribers without network
congestion (Fig. 1.3). This is the most commonly used type of data transmission in IPTV

networks, when the same program is viewed by a large number of subscribers.
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Multicast uses a special class of destination IP addresses, such as addresses in the
range 224.0.0.0 ..... 239.255.255.255. These can be Class D IP addresses.

Unlike unicast, many address packets cannot be assigned to a single computer (or
STB). When data is sent to one of the IP addresses under the LGPL, the potential recipient
of the data can decide whether or not to receive it, is the subscriber will watch this channel
or not. This method of transmission means that the main device of the IPTV operator will
transmit a single data stream to multiple destination addresses. Unlike broadcast, the
subscriber has a choice - to receive data or not.

It is important to know that to implement multicast traffic on an IP network, there
must be routers that support multicast. The router uses the IGMP protocol to monitor the
current status of distribution groups.

The basic rules of the IGMP protocol are as follows:

* the end node of the network sends an IGMP packet of message type to ensure the
start of the process of connecting to the distribution group;

» the node does not send further packets when it is disconnected from the
distribution group;

* The ultrasonic router sends IGMP requests to the network at regular intervals.
These queries allow you to determine the current status of distribution groups;

* The host responds to the IGMP packet for each distribution group if there is at

least one client in that group.

IPITV
Server
—
ulticast 1P/ rogram
EI Multicast IP/TV prog
'
Y ¥
===
— — Multicast-enabled
& - &
——F  f—— ——r
IR Mon-viewer P/
Viewer Viewer

Figure A.3 - Multicast technology
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The load of the backbone of the multicast network with traffic depends only on the
number of channels broadcast on the network. In the situation with the Gigabit Ethernet
network, assuming that half of the backbone traffic we can allocate for multicast
transmission, we get about 100 MPEG-2 TV channels, each with a data rate of 5 Mbps.

Of course, in the IPTV network there are all 3 types of broadcast, multicast and
unicast. The operator, planning the optimal amount of network bandwidth, must take into
account the different mechanism of influence of different IP-addressing technologies on
the amount of traffic. For example, the operator must have a clear idea that providing a
"video on demand" service to a large number of subscribers requires a very high
bandwidth of the backbone network. One solution to this problem is decentralization in
the network of video servers. In this case, the central video server is replaced by several
local servers, spaced apart and close to the peripheral segments of the multilevel

hierarchical architecture of the IP network.

A.1.5 Conclusion to the section

What are the main positive features of IPTV technology? First of all, it supports
such functions as recording broadcasts, TV guides, it is even possible to pause TV
broadcasts with subsequent viewing in another period of time. IPTV is based on
broadband IP connections and is always provided to consumers with network access.
IPTV cannot be called television in the full sense. It's just a system of providing digital
TV content to customers who subscribe to this service. The term IP itself is a way of
transmitting content on a network under the control of a provider. This format is very
similar to regular cable TV, but with internet access. Another advantage of IPTV is the
lack of linking to the list of channels, both in the case of conventional TV and in the case
of cable and satellite services. It does not depend on the tariffs of the television operator
and the region in which the consumer lives. All you have to do is download a playlist and
a player with certain content. IP TV is free to broadcast on unencrypted channels, even
then you can still watch dozens of channels, including narrow-themed. Compared to

traditional analog TV, IPTV will benefit from multi-channel audio and HD video
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resolution. Another advantage is the economic benefit. You will not need to buy an
expensive antenna, TV with digital receiver, tuners and receivers, you do not even need
to lay cables and do other installation work. All you need is an Internet connection and
any device that can support networking and the ability to run the appropriate software to
play. You can watch interactive TV via IP on smartphones, tablets, computers, TVs with
set-top boxes that support IP, or with Smart TV.

You can also emphasize the following benefits:

» creating channel lists and switching between them;

« general and separate installations for channels;

* recording / viewing scheduler;

« the ability to use a smartphone as a remote control;

* processing and storage of received data;

* integration with social networks;

» audio tracks and subtitles.

And now consider the disadvantages of IPTV. Serious speech problems are most
important if the data transmission is slow. Other, less global errors will only occur in
certain situations. For example, when the image is displayed on a TV screen and
everything is played back on a tablet or PC, you have to perform any actions using the
manipulators. This means that you will need to use the touchpad or mouse to increase the
volume or change the channel. However, this inconvenience is solved with the help of
Smart TV. You can also use a media player or a specialized set-top box, but these options

lose their savings because these devices are quite expensive.
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Jlonatoxk b

JlemoHCTpaniifHuii MaTepian

HauioHaAbHWIA yHiBepcUTET KITOATABCEKA MOAITEXHIKO iMmeHi tOpis KoHApaTiokan
HaBYOABHO-HAYKOBUI IHCTUTYT IHCDOPMALLIMHMX TEXHOAQTIM Ta POBOTOTEXHIKM

KADPEAPA ABTOMATUKU, EAEKTPOHIKU TA TEAEKOMYHIKALLI

AOCAIAXEHHS NPUCTPOIB HA OCHOBI ARM APXITEKTYPU
B TEXHOAOTII IPTV

KBaaidpikaLiiHa poboTa Ha 3A00YTT8 OCBITHEOIO PIBHS BAKAAGBD

BukoHaB: cTyaeHT rpynu 401-TT Fop>in A. O.

HaykoBuii KEPIBHUK: K.T.H., AOLLeHT ObixoA 9. 9.

MoATasa - 2021 pik

» Metoio AQHOI PoDOTM € AOCAIAKEHHS OcobAuBOCTENM TexHoaor IPTV,
BU3HOMEHHS Ti NepeBar Ta HEAOAIKIB, O3HAMOMAEHHS 3 PISHUMU MOAESAIAMU
MIKPOKOMIT'IOTEPIB Ta 3 apxiTekTypoio ARM. Po3pobka IPTV npMcTaskm HA
ocHoBi Mikpokomn'iotepa Raspberry Pi 4 Model B, BCTQHOBAEHHS
ONEepPaLfiHOl CUCTEMM TA HEODBXIAHOTO NMPOTPAMHOIO 3abE3MeYeHHs.

AKTYOALHICTL PODOTU MOASTAE B TOMY, LLO IPTV Le IHHOBALLA, SKO 3'SBUACCS
BIAHOCHO HEACBHO i MOYAAQ 3AMIHSTU iHLLI LIMADPOBI TA AHAAOTOBI CUCTEMM
MOBAEHHA. [OoSBA HOBOI TEXHOAOTI AMOBAEHHS CTAAQ 3HAYHOIO MOAIEID |
MPOMOHYBAAQ TASACHAM ADCOAIOTHO HOBY IACIO MEPErAIAy TeAebayeHHs 3a
AOMOMOTOIO HTEPHETY 3 DAratbMa PIHUAMIN AOACTKOBUMM MOXKAMBOCTIAMM,
HQA BIAMIHY BiA CTOHAQPTHOTO TEASOAYEHHS.

OB'eKTOM AOCAIAKEHHS KBOAICIKALLIMHOT pOBOTM € TEXHOAONT  Ta METOAU
TRAHCAAL TEAEBI3IMHOIO CUTHAAY Yepe3 IP NMpoTOKOA, a TAKOX pPo3pobKa
IPTV NpUCTOBKM HQ OCHOBI MIKPDOKOAMN'10TEPA 3 ARM apXiTeKkTypoio.
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3aAQYi AOCAIAKEHHS:
1. AocAiakeHHS ocobanBocTen TexHoAori IPTV.

2. AOCAIAKEHHS MOAEAEN MIKDOKOMIT IOTEPIB HO OCHOBI ARM.

3. AOCAIAXKEHHS NPOrPAMHOTO 300e3neyYeHHs.

4. AOCAIAKEHHS HOAQLLTYBCHL MIKpokomn'iotepa Raspberry Pi 4 Model B B
akocTi IPTV npucTaBku.

TexHonaoria IPTV

IPTV (Intfernet Protocol
Television) sease coboio
CY4QACHY TEXHOAOTIIO,
SKQ, HA BIAMIHY BIA
edipHOoro, KabeAbHOro i
CYNYTHUKOBOTO, LLIO
NMPEACTABASIOTE CODOI0
TPOAULLIAHI BUAU
LMdPPOBOro
TeneDaueHHs, nepeaae
AQHI MO NPOTOKOAY IP.




AOCTABKA KOHTEHTY

» ICHYE TPM OCHOBHUX

cnocobu nepeaaui
Tpadpiky no IP-
Mepexi: unicast,
broadcast i multicast.

Mutticast IP/TV program

g2

IP/TV  Non-viewer
Viewer

A\

Multicast-enabled

IPTV
Viewer

ARM apxitektypa 1a it O0COBAUBOCTI

» Apxitektypa ARM
(nepsicHo Advanced
RISC Machine —
noaintueHa RISC
MALLIMHA, NONEPEAHUK
Acom RISC Machine) —
CUCTEMA KOMAHA i
CIMENCTBO ONMCIB i
rOTOBUX TOMOAOTIN 32-
DITHMX | 64-OiTOBMX
MIKDOMPOLIECOPHUX [
MIKPOKOHTPOAEPHMUX
SAEP, LLLO PO3PODASIOTECS
komnadieo ARM Limited.
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Mikpokomn'toTepKU 1A iX NeEpeBaru

BHYTPILLIHS CTPYKTYpPA
MIHI-TTK cxoxka Ha Moro
MOAOALLII Bepcii. Ha
CUCTEeMHIM NACTI
3Q3BUYAN
BCTAHOBAIOKOTLCS TOKI
KOMMOHEHTU:
MiKkponpoLiecop,
onepaTMBHA MAM'aTh,
PO3'€EMU BBEAEHHS TA
BMBEAESHHS AQHMX TAl
HLLII KOMMOHEHTM.

Cxema mikpokomrn'torepa Raspberry Pi 4 Model B

GPIO 40 pin

Wi-fib/g/n/ac |yt — T 17B/cek
Bluetooth 5.0 | l > e - RJ-45

Cnot gna kapth

Micro SD
2 xUSB 3.0

IHTepdeiic
aucnnea DSI

2xUsSB 2.0

Huenenua USB

Type-C SB/3A Crepeo 3.5 mm

Mini-Jack
2 x micro HOMI IuTepdeiic kamepnCSl

(po 4K/60fps)
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BnBip onepalinHOi cuctemum

» Ha Raspberry Pi nepeabaieHa
BEAUKA KIABKICTb ONepaLiiAHUX
CUCTEM, AAE AN TIOCTABAEHOI
3AAQNI MAXOAUTL HE KOXKHA. AAS
cT1BopeHHa IPTV npucTtaekm
BiaiOpaHo Tpu cuctemu: OSMC,
OpenELEC, LibreELEC.

LibreELEC

Just enough OS for KODI

BctaHoBAeHHs LibreELEC Ha Raspberry Pi 4 Model B

0‘ LibreELEC

Just enough OS for KODI

SUPPORT & ASSISTANCE




HaAQLUTYBAHHA AUCTAHLLIMHOTO KEPYBAHHA

> AAS HOAGLLTYBAHHS AMCTAHLIMHOTO KEPYBAHHS 3HAAODUTLCS CAMAPTAOOH Ta
nporpama Kore (Official Remote for Kodi), sky AMOXHA 30BAHTCOKUTH B
Google Play Store.

HAoGasutb
MeaunaueHTp PyuHana HacTpouka

BUCHOBKM

» [lMobyaosa npuctaski IPTV B HALL 4AC AYKE QAKTYAAbHO, OCKIABKU Y
TEAETASACQUYIE TOCTIMHO BMHUKAE Bce Diablle | OiAbLLIe BUMOT  LLIOAO
neperasay TB, aane mporpec UMdOPOBOro TeAebayeHHs He 3YMUHSETLCS |
MOCTIMHO 3’ 4BASIOTLCA HOBI TEXHOAOTI. Came IPTV 3apaz moXKe 30A0BOALHMUTU
BMMOTM BCIX KOPUCTYBQNIB, AAKE TENep He NMpobAemMa NeperAaHyT chiAbAm
abo cepiaa SKMIA TiAbKM 30DKAELL B OYAb-AKUNN MOMEHT.
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ASKyio 30 yBary!




