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Mpegucnoeune

1 PASPABOTAH AstoHoMHOR HexoMMepueckol  opradmaaugmel  sHaydHo-TexHWUYecknn  UeHTR
vHdEopraTEkn: (ARD aHTL =)

2 BHECEH Ynpagnedwesm TeXHWYECKOro perynupoBadHmMd W cTadgapTazauwme  $egepanesHoro
Ar@HTCTEA NO TEXHWSECKOMY PEMYIHDOBAMWD W METROMOAN

3 ¥YTBEPHIOEH 1 BBEONEH B OEMCTBWE NMpukazom PegepansHoro aredTcTea No TEXHHYECKOMY
PEMYNUPOBAHAIO W METPONorK oT § woabpa 2013 r. Me 1367-cT

4 HAcTORLWWA CTaHOapT paipadoTad © YHETOM OCHOBHEX HOPMATHBHEX NONOMEHHR!

- CTaMJapToR ERpONSAckors KHCTHTYTAa No CTAHOADTHIAUMK B 0BNacTH TenekoMrMyHrkauwia (ET S}

- ETEI TS 102 034 W1.4.1 [(2009-0B) «Teneavoedre BewaTensHoe uupposoce (DVB). NMepeaada
cnyd OVE, DasvpyolWMxcA Ha TpaHcnopTHoM noToke MPEG-2, no cetam ¢ IP npotosanamias (ETSI TS 102
034 V1.4.1 (2009-08). Digital Videe Broadcasting (DVE); Transport of MPEG-2 TS Based DVE Services over
IF Bazed Matworks):

ETSI TS 126 346 V11.4.0 (201304} «YHABSPCANEHAA CHCTEMAE MODMNBHEX TENEKOMMYyHKKALWE
(UMTS); LTE:, MynuTeMegrisoe epewadde/Unporceewarenesias yonyra (MBMS), MNpoTokone 1 Kogexu
{3GPP TS 26.346 aepona 11.4.0 Beinyck 11)» (ETSE TS 126 346 V1140 (2013-04) Universal Mobile
Telecommunications System (UMTS); LTE; Multimedia BroadecastMulticast Service (MBMS); Protocols and
codecs (AGPP TS 26,346 version 11.4.0 Befease 111);

- ETSI TS 102 472 W1.3.1 (2009-06) « Tenepyoedde pelwatenssoe uidposoe (DVB). Mepagada IP-
OaMHey Yepea DWVEB-H: MpoTokonsl gocTaskk kodTedTas (ETSI TS 102 472 W1 3.1 (2009-06) Digital Video
Broadcasting (ODVB); IP Datacast over DVB-H: Content Delivery Protocols);

wCneguduxayma SMPTE 2022-1 (2007 MNMpamas kopperuus owubor Npy Nepesadye B peansHom
ppEMEHd Biaesayino-nadkey no IP-cetamds (SMPTE specification 2022-1 (2007): Forward Error Comection
for Realtime Video/Audio Transport Over IP Metwaorks).

5 BBENEH BNEPBLIE

Mpaauna NPUMEHENLA HacMOoRLLeso cmandapmsa yomakwoaneder @ FOCT P 1.0—2012 (paaden 8).
HuchopsMayls off UIMeNeKURX K HacMOoAWeMy cmandaomy myBnukyemcs 8 exeaodnom (N0 COCMOanUD Ha
1 Amsaps mekywezo 2oda) UMBopMayuoHHoNM Yekazamene sHaluoRansMee cmandapmels, & oghulUansMsil
MEKCT  UaMEHEHUD U PONRagos — 8 SXOMECAYHOM UHDODMALLOHHOM prasamens  sHayuoHamnbMeEe
cmakdapmeis. B COyWae  Nepecwompd [JasMedkll WU OmMeskl  Haomosiiess  omasdapma
coomaamomayinee pesdomnenus Hydem onyliuxoeano 8 GRUMalwes emiTycke UHPODMAaLLoHNE20
VraZamens «HayuaKsaneHee cmakdapmeis. Coomasmomayiiyas uNopMayun, yaedoMnenus U mekcirib
PAIMELLAKNTICA MEKKE @ UMHOOMEYUOHRDD cucmeMe oBlWEeas NONLIGEAHUS — Ha OhuLuansqoM calme
TadepansHos0 SSeNmMomEs M0 MEeXHUYECKIMY De2VNUDoEaklKg o Memponosuy & comu MRmepHem

{gost.ru)

© CradfgapTrHdopr, 2014

HacToAWMA cTaHDapT He MOMeT GhTE NOMHOCTEE WM YacTH4Ho BOCNDOMIBEOSH, THDaMWUDOBIH W
pacnpocTpaHel B kadecToe OMUWANEHOMD WagadkA Gea paspeleds DefepansHoro aredTcTea no
TEXHWYECKOMY PETYTHPOBaHMID W METDOMOMHM
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HAUWOHANBHBW CTAHOAPT POCCHMWCKOWM ®DEOEPALMWM

TENEBMOEHWE BELWATENEHOE LUW®POBOE

KogupoBaHMe ANA 1aWMTEI OT OWMBOK NpH nepegade cnyxt DVB
no cetaM ¢ IP npoTokonaMu

CcHOBHLIE NapaMeTpi

Digital vidao braadcasting. Errar proteciion coding for transpard
af DWE services over IP based natworks. Basic parameiers

Dara seenennA — 2014—08—01

1 O6nacts NnpuMeHEHUA

HacToAwMid cTangapT pacnpocTpadaeTod Ha KoOMPOBaHWE ONA 38WKTe o7 oWWBok NpW nepegaqse
cnywd DVB no cetam © |P npoTokonamiA.

HacToAwWi cTangdapT yoTaHaBNWBAET OCHOBHLIE MApaMEeETDbl NPOTOKONOE 3AWATE OT OWKWGOoK
Ba330B0ro W OoNONHUTENLHOD YOORHERA.

TpeboBaHKiA HACTOAWErS CcTAHOAPTa CRedyeT yHWTRIBATE ApY  paizpaboTke, WANCTOBNEHHK M
IECMyarTauyy oGopyoosaHuA nepeaaqdn U npeera cnywd DVEB no cetam ¢ [P npoTokonamia.

2 HopMaTHBHbIE CCBIMKW

B HacToswen cTaHgdapTe MCnoNL3oBaHkl HODMATABHLIE COBINKA Ha CNEdYHOWME CTAHOPT

MocCT P 532210-2004 Tenepraenws pewaTensHoe yuhpopce. TepMHHE M CNpedenaHua.

MOCT P 525912006 CucTema nepegadd JaHHeX NoNs30BATENS B LQADPOEOHM TENEeBEHAMOHHOM
foopsiaTe. DCHOBHEE NONOMEHUA

MOCT P 53528-2009 TenesngeHne eewatensHoe yigpopoe. TpeboBanwa K peanmaaumn NpoToKona
BbLICOROCKOPOCTHOR Nepeiadd nHdopmadd DSM-CC. CeHonHb2 NapameT Dl

3 CokpaweHun

B HacToRWEM CTAHAADTE NDHUMEHEHEI CIEAYIOLWAE CORPBALLEHHA:

AL-FEC {Application Layer Forward Emor Correction) = npAmas KOppesuds oWWbor npuEnagHors
YOOBHA,

CHAME (Cancnical Mame) - kaMoHMYeckos WA,

CSRC [(Contributing Sources List) = cndcol MHQODMaLMOHHBIX HCTOYHHEDS!

DVE (Digital Video Broadcasting) - usdpoBsoe TENEBHIMOHHOE BELAHWE

ETSl  (European  Telecommunications  Standards  Institute) -  eBponedcKE - MHCTWTYT 0O
CTAHOADTHIALMK B 0BNACTH TENEKOMMYHHEALHKEA,

FEC (Forward Error Correction) —= NpAMas E0ppekyda owubo;

AN A (Internet  Assigned Mumbers Authonty) - AgsmuHWcTpauma agpecHOro NPOCTpaHcTEa
HurepHeT;

IP {Internet Protocol) = npotokon MuHTepHeT;

PT (Fayload Typa) - THN NONSIHCEA HArpyakH;

RTCP (Real-time Tranzport Control Protocoll — npoTokon ynpaeneHdA Nepejadeid o peansHoss
B EHIA,

RTP (Real Time Protocol) — npoToson peansHoro apemani;

S5RC (Synchronization Source List) = COMCOE ACTOYHMEDR CHHXPOHAIALNK;

TS (Timestamp) = BPEMEHHOH LTI,

LUDP (Uzer Datagram Protocol) = npoTokon NoNs3osaTensCckiy 0aTarpams.

Hznauwe otwuyvaneHog
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4 OcHOBHbIE NapaMeTpbl

Mpw nepegave cyvet DVE no cetam ¢ [P npoTokonasi Qoosed McnoNe3ceaTecA npotoson AL-FEC.
MpoTokon AL-FEC npeactaenaeT cobo NpoTOKON MHOMOYROBHEROTD THNA, COCTOALLMA M2 BaloBoro ypoBsHA
W BENIOYAOWHA OOWH KNk Bonee pacllBpeHHBER YOOBHER.

Bajoasii ypoReH: NPEACTABRMAST COGOR YNPOWEHHEIR NAaKeTHBHA NEDEMEXSI0WHACA KOO C KOHTROMNER
YETHOCTH. Baicapli yPOBEHE KOPPEKUHH OWWBoK OOMEed WCNoNs3I0BaTech BCETGA NDH WCNONe3IcBaHKA
npotokona AL-FEC [1]. Ona obecneéyeHHs OONOMNHMTENLHOE I3WATEl OT NOTEDM MaAKeTOR ONUBOHANLHD
BADHET MCNONLIDBATLCA PACUMPEHHBIA YPOBEHE 3ALMTE NoOG Hateaxkem «Pantop-kogs [2].

4.1 YnpolweHHbIA NAKETHEIA NepeMakaoWMACA KOO ¢ KOHTPOMEM YeTHOCTH
Ha GazceoM YPOBHE KOPPEEUWH OWWGOK O0NMEH HCoNONEIOEATECA  YTDOWEHHER  NakeTHA
NegemMexaUMicA Kog C KOMTRONEM Y8THOCTI [3].

4.1.1 Cxema nHEanCcynaumM

4.1.1.1 ¥Ypopeds ETR/UDR/IP

HMeononezoeadde npoTokona RTP obazareneHo.

Mone cueturka CSRC (CC) 8 McxogHeIX NAKETax JoNMHD UMeTe aHadeHdue oy,

3uadenue SSRC WCEOOHOND NOTOES JOMEHD BeOWDATECA CRYYadHbM 0Bpasos (C ODHAPYHEHMER
wonndadE). MNone RTCP CHAME oonsHo MCNonNs3osaTech ONA CONOCTABRMEHHA NoTokoR FEC © MCXOOHRIMIA
NOTOKIME.

HaqansHoe aHaseHue NoPpAOKOEONS HOMEDA KEXOOHOrD NOTOKA SOMKHD GRTe CRYHaiHbIM.

4.1.2 Ctpyerypa FEC
4.1.2.1 Opradnaauus naketos FEC
YNpoLweHHas CeMa 0pradnIagMi 3aW WL AGM BN NAKETOR NPUBE0EHA HA pucyHke 1.

L cronfuos

_jk“‘n_

~ R

RTP P10 RTP Pht | see RTP Pkt -1

RTP Phil. RTP Pkt 1.+ Ll RTE Pl -

RTP Pkt 2L TP Pkt 2111 e RTP Pht 311

D
} CTPOK

RTP Phe -] 3l TP Phr =101 Ll

BTF Phe [3.-0 }

7l

FEC D

7|

FEC ]

7l

FEC (L-1}

PucyHor 1 = Cxema opraHdIagnid 3aWnlaciblx NakeTos
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FTP Pht xxx — nakeT TP HoMep Xxx;

L — yucno cTonGuos sawmiiaeiy NakeTos;

D — 9eeno CTROK 3a1MWaeMblx NAKETOR,

= fyHEL WA KOPPEeHLMA CWHDOK (B JaHHOH CHEME HCMONEIVETCR DYHELWA « MCEMIOYaI0WEEs KNk ).

B cnysae npyiMeHeH A MHITOYDOEHEE0R JawkTe, L * D Gnoxoe NakeToB, 3allWilaenibix ogHub WK
Gonee nakeTamd FEC, gonwie nonHoCTe BXOOWTE B 80WHBR WCEodHBN Bnor PanTop-koga.

OonkHa HMCNoNEIOBaTLCH CHEeMa ToOMBKD © OOHHM [C nepemexedsen] noTokom FEC. [pW 3ToM
NepEOaBasMble MCROOHEIE NAKeTel O0MEHB CTNPABNATECA Ha nopT N (g M — 4YeTHoe uenoe 4ucnol, a
noTok NakeTos FEC gomsed oTNpasnsTecA Ha nopT N+2.

4.1.2.2 NapameTpe Gydepa FEC

MpHeHEE  DOMEeEH NoGOepHHBaTE KoMOUHAUMH 3Haqerydid L W D, oeiOpaHHsly WCXOOS K3
OAHOBREMERHOM BRINONHEHKA CIRE0yHWHE YCIHOBHA:

L=D= 400

L =40,

MouemHur MomeT NogoepHHBaTe Nobee Hee kosmbuHaue asagedia L D,

4.1.2.3 dopuat aaronoeka RTP naketa FEC

Motok FEC gonses MCnonNs3I0BaTe HOMED THMA NoNeasol Harpyakk (PT) pagHziE S6.

3Hauenne SSRC notoka FEC pgomeus BeiTe pasdHo «0x. Mone RTCP CNAME  gonweo
MCNCNE30BATLCR ANS CONoCcTaBNeHAA NoTokos FEC © MCXogHEIMM NOTORaMIA.

HavaneHos adadedne NopAILoRoro HosMepa notoka FEC gonsHo ObiTe CRyYaiHbis M JomeHe OeiTe
Ha 1 GOoNeWEe NepenadHoro paves naketa FEC.

MpWeMHsE QOmKeH MIHODHPORaTE METKK BpeMaHd B nakeTas FEC.

4 .1.2.4 Qopuar aaronoska FEC

dopmat aaronoeka FEC nokazad Ha pucyHke 2,

16 GuToB 16 DuToe
Mnagwiie DTk SNBase BoccTaHoRneHne ATy TS|
Boccravoanenvs PT | - _Macm
Bocctavopnedwe TS
D _Th'ln Miaexc CMELLEHHES T m
£ 3 buta 3 Buta 8 GuTos 8 BuToB 8 DuToE
([=]

Pucyuok 2 — Dopsat aaronoexa FEC

Mpagwue GuTe SMBase. MUHMMANEHBIR NOPAOKOBEIA HOMEP NAKETOR, COOTRETCTBYIOWWE NakeTy
FEC, comepsuT NOpRAKOBLIE HOMED UENWEOM, eCli OH YNageeacTes B 16 GWMTOB, WHAYE COnepwuT
rMnanuwde 16 GUToBE NoCNegoBEaTeNBHOND HOMERa.

BococTamoRNeHWe ONHHb: SaHHOE NONEe HCNONBIYETSA ANA ONpegenedna MNobei HCXOOHBIX NaKeTos,
cooTRETCTEYIOWMX nakeTy FEC.

BoccramoaneHue PT. DadHO8 NoMNe HCNoNe3YeTCA ONA ONPEeOeneHdd THNa Noneadol Harpyasd PT
NOGEX HCXOOHBIX MNAKETOR, COOTEETCTEYIOWKY NakeTy FEC.

Bococranoanedwe TS, QaqHos NoNe WoNoneIyeTca ONA BOCCTAHOBNEHHWA METOK BpemeHr Niobwix
MCXOOHEEE MAKETOR, COOTBETCTEYIOWME nakeTy FEC.

E: pamHbli BHT JOMEeH YCTaHABNWMBATECA B «1 s, 4TODE MOKa3ATE, 4TO IAroNoBoK PACLLMDEH.

Macea: ganHoe none gomsHo OwiTe pagdo «0x, aaamed cnegyer nCcnoNe3oBRaTE nona M,

M. DanHeR BAT aapelepBrpoaad ONA JansHeRWers MCnoNe3ceEanda 1 gonwed ObiTe YyCTAHORNEH B
wlie.

D gadHe@ GuT gonsed SeiTe yoTadoaneH B als,

Tun: gauHoe noneg YEaiksasT, Kakoid Bebpad ko0 MCNpanneHda oWHGoK, W J0NKHD OeiTeE panHs «0n.
MpKEmMHEAE Q0N%EH WIHOPKMDOBATE NAKETE C HEPACTOIHAHHBIM IHAYEHWEM TN,

VHOekS: JaHHoe None WCnonNeayeTcA ans Bones soMnneskcHbix KOOoE 3alnTel OT OWwWEoK 1 O0NHKHD
DkiTe pasHo «0e,

MNpsmedarse — ONA MeToda «WCKMKYamWEs WNd» ToNeko oadd naket FEC aawuwaeT rpynny
MCXOOHED NAKETOR W NOATOMY NOMNE KHOSKCa BOEMOa GOMKHO Conep#aTte «0s,
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CHeWeH e: OaHHoe nNone OonsHs OsiTe PaBHO  YWcny  cTonbOuoe  Jawuuaensx  naketos L
MepegaTivy QOMHeH CoXpadATE IHAYEHWE JAHHOID NoNA NeCTOAHKEM BO BpEMA Nepedadl KaMaoro noToKka
FEC.

MA: gaMHoe none oMo DeiTe DABHO YKCNY CTROK Jalvuaensx nagetos D Nepegatduk gonmses
COMPAHATE IHAYEHME JAHHOM NONA NOCTOAMHSR BO BDEMA Nepedadqy kaxgoro notoxa FEC.

PacwwupesHbie BTel SNBase: gadHoe none NpHemMHErE JoneH WHopHposaTh.

Mcxonueie NakeTk:, JaLWLAsMee OadHdsM nageto FEC, onpefensioTcs No nocredoBaTertbH ki
HOMEDAM 1, NONy4aemMem No dopsyne

N = SNBaze + j = CuMelweHie, {1}
rae 0=js MNA,

4.1.3 KoHdrypauWa cHCTEMI

Mepedat§ukl W NpHeMEMKN O0MHHL NOJSEPMHEATE BCE HOMEPa NODTOR B 3APerHCTDHPOBaHHM
OKaNaaoHe NoOPTOE, B QUHAMAYECKH BHOENSSMOM WK NPHUEATHOM OWanNasoHax MopToa, ongegeneHHLE B
peecTpe [ANA.

Y notoxka FEC pomneed ©OwiTe Takod ®e [P agpec HasHaqeHHA  [HMHOWBMOYANEHBIE - WA
WHDCKoBEWATENBHEIR), KaK y COOTRETCTEVIOWEND eMy NOToRA SaHHbLIX.

¥ notoka FEC gonwed CwiTe Takod e UDF nopT McTodMMES, KaK ¥ CODTRETCTEYKIWErD @My NoToka
OaHHEX.

4.2 PanTop-Kkog

PanTop-sog BRNOHAET B 0RDA CRNeqysll e BOsMIOHEeHTE.
nocTpoeMde noTokobok  FEC, onpegenmwwee npoTokon npamededsA FEC K noToxam
BAEOHANAHHI X,

- cxemel FEC, OnpegenaAsmie KOMNOHERTE NDOTOKONa, HeoSXoOusBEe ONA pasnHYHblx KNacCos
NpAMeHesna PanTop-Ko0a K NoTOKOBEM NRPANCHEEHKEM.

4.2.1 Nocrpoerue noTokoeow FEC

Mpy nocTpoeHkdd  noTokoBod FEC onpegenfeTcl MNpoToRCn  JOCTABKK  KOHTEHTAa,  KOTOPA
obecnequeaet FEC aawmty nepedayn NOToKa SadHex wepea LIDP.

MpoTokon QOCTABKK KOHTEHTA, KOTOPLIA KCNONBIYET QaHHoe NoCTpoSsHWE NoTokoROA FEC, gonmed
NEegoCTABUTE ANA NEDEAaYH OT NEQESATYMKS K NDHEMHUKY.

» MHDOpMAUWD O NOTOKCBOR KoM Urypayui FEC,

- wHpOpMauwio o nepegade cbwekTos FEC.

MupopialsA 0 NOTOKCBSH koHgMrypauud FEC He 38pUcHT oT cxeMel FEC W wecBxoaudma npu
NacTpoeHuK NoTokseckd FEC ona obecnedenna aawuwtold FEC notoka UDP.

Mrdopsauma o nepegase obeektos FEC onpeaenseT ciemy FEC.

Mexanuas NocTpoeHKA NoToRDB0W FEC cOCTOMT Ka CRegyiollMy KoMNoHeHTon:

1] coagasWe WCXOOHOMD GNoka W3 HCXOOHLIX MEQUANAKETOR, MNDHHALMEHAWLMY OOHOMY WK
HECKONEEAM NoToxkam UDP nakeros,

2] onNUMOHANEHOE paEcCWHpEHWE WCXOOHBIX NAKETOE 4R WAEHTUMEIUWMA WMCXogHoro Gnoka W
NEAKLKA B MCXOOHOM GNose, 3aHMMASMoR JaHHBIBA M3 WCEOOHOMNS NAEETA M OTHOCALLMXCE K MCKoOHOMY
MaxkeTy.

3] onpegeneHWe NakeToB BOCCTAHCBENEHWA, nepefasacnebix  depez UDP, soTopoie  MoryT
HENONEACEATECA OekodepomM FEC ANA BOCCTAHOBMNEHHA OTCYTCTRBYHILLME NAKETOR B ACKOAHOM BRoKe.

4.2.1.1 CTpyeTypa vexogHoro Bnoka

Moxoosbiit GNoxk Jomsed CcodepaTts MocNedoBaTensHoCcTe GNokoE ¢ Whdopmauden of MoxoOHbIix
naxeTtax {SPl} kak Masiiyl ana oguoro vexoguoro UDP nageTa.

SPI[] gonsed cOCTOATL M3 NOCNEO0RATENLHO COBAMHEHHEY GRowos (KoMkaTewausd) ST LT 87w
i,

! rae i — augesc UDP naketa e moxogrom Gnoke, 0 = § < m;

1 =4ucno UDP nakeTos 8 HCXOOHOM DNoKe onpegenAeTcd JUHAMHYECKH B npouscce DopMHDoBa KA
wcxoaHone Gnoka,

Ffil = oguHo4HbIR OKTET, NpPEOCTABNAOWKWA IHadanme i,

fi] = yenovucneHsHsil jesTigumkarop UDP notoka, doedtudgmunpyiowsia UOP noTok, M3 £oToporo
BBIN BIAT MNAKET C HHOGEKOOM 1)

L{ij = gpa owteTa, npegcTapnaAowns adaseqne [ nageta UDP © wHoexcoM [ B CETEECM NOPADKE
GafToBE (DKTET BICLUETD NODAGKa NepaLIA);
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Ifi] = MHOMEATOP ONWHE, COOTEETCTEVIOWWA nakeTy UDP ¢ MHOeKCoM J/, XapanTeD HHOWEAToRa ankHis
onpegenAeTca ciemoi FEC,
Rfi] = oxTaTel nonesiex UDP gauues naketa UDP © iHgekcom i

Ffi] = HYNEBLIE OKTETEl KONWYecTEOM S = T = (i + 3), Ffi] AaensioTca OKTeTamK JonNonHEHKS,
NPEaHAIHaYEHHBIME 0NA BLIPaRHKBEAHNKWA Hadana kaxaoro UDP nakeTa no Hadany cuMeona;

&fi] = HarMEHBLIES UEN0e YWcno, yOooRneTeopsiowes yoenoedio i = T = (Ifil + 3), aenAeTcA OnHHoi
SPI[1] & cmeonax paivepom T GanT;

T = paIMep MCXOOQHEER CHMBONCE B GanTax, onpeaenaemeiA cxamon FEC,

HMoxogrelt Bnox gonsed QopMmapoBaTeCA NyTem KoHkareHaummn SPI[H
amai=0,1, 2 .. n1.

Faamep Moxogroro Gnoka 8 BafTax JoMMeH paccHMTeIBATECA NG opMyne

n—1 2}
5= Zs[a’] w7
=

Kawdelh WoXoaHuid Gnok gonsed vgedTwdHUudpoRaTecA NOCEEAcTROM HOMEDA WCXOQHOMD Gnoka
SBEN. CUMBOMNE BHYTPK WCXOOHOro GNoka 0oMmeHbl MOeHTHOMUMPORATECA NOCPEJcTROM HOeHTHPHUKATOROE

CHMBONOE KOOWPOBEaHWA ESL.
WoeHTiHEaTop CHMBONa KEoQUposasus ES| gonsen paccuMTeiBaTecq No rophyne
ESI[1=0 ans f=0; {3}

i1 )
ESIf]= z <[] anal=j=<n,
=0
rae j — nomep ncxogHoro UDP nakerta.

4.2.1.2 DopMar MCxodHEX naketos FEC

DopMaT MeEogHsX NakeToe FEC nokazad Ha pucyHEe 3.

Raronoeok 1P
_ Jaronceck UOP .
Moneadsie ganyse opurvdanesoro UDP nakera
VIDeHTHDHEaTOD MCXOOHEX NONE3HER DaHHslx FEC [ongruoHansHo)

Pucyror 3 — SopmaTt MoxodMelx nakeToa FEC

Zaronoekn 1P, UDP o noneassie gasmee 8 ncxogHom nakete FEC gomsss DeiTe TaKMMM Me, K35 B
OpUrAMansHos Wexogros nakete UDP. 3a noneadeid gaMubiye opurddansydoro UDP naketa B wcsogHom
naketTe FEC qonsus cnefosate NONe WOSHTHDWEATOPa MCEOOHBIX NONEaHRE DaHkex FEC {(onusoHansHo).

Dopsat ¥ HANWYME NCNA  MOSHTUDWEATORa MCXOOHEE MONE3HEE JadHelx FEC OonmuHe onpelenamse
cxemol FEC.

4.2.1.3 DopMaT NaskeTos aaccTaHoanequs FEC

TopMAaT NakeTa eoccTadosneska FEC nokasad Ha prucyHEs 4.

Baronoeck I
3aronceck UDP
MaeHTAgUKaTOR NoNeaHsLx JaHHR Y BoccTadoanesmns FEC
CHMBOMNSL BOCCTAHOBNEHWA

Pucyuor 4 - dopMaT naketTa soccTasorne s FEC.
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Mone KOeHTARHUEATORE NONEIHbLIX JaHHEX BOCCTAHOBNEHHA FEC ODonMHD conep®aTe MHOODMaLi i
ana paboTel anroputma FEC. $opmaT nong mgedTHdMEaTopa NONesdes JadHelX BoccTadocpneHwa FEC
OonKeEH ONpeaenaTeca cxamol FEC.

FonWYecTes CHMBOMNOE BOCCTAMOBNEMWA OOMEHO ONPpedendTecs Cxemon FEC, QnHHoR cHmMaona «
CTpaHKYMBEaTeCA 0BWMMK TpeboBaHHAMK Kk ANKHE naketa. MNakeT soccTakoanenws FEC aonxeH codepHaTh
TONBKS UENBIE CHMBONE BOCCTAHOBMNSHKA, BEMKHEHKE Y3CTH CHMBONA BOCCTAHCBNEHHA HE OONYCKAETOR.

4.2.1.4 Mudoopsiauma o NoToRBoH kondurypauws FEC

Mudopssauma o noTokoBok koddgurypaums FEC veobxoguma npw nocTpoednd noTowkoboir FEC gna
obecnedenns aawmtol FEC notoka UDP.

Mudopssauua © noTokoBRoW koH@Hrypadky FEC prnodaeT B cebd MOeHTWgHEALMIG HECKONBEMY
notokos UDP naketos. Kawgeid notok UDP nakeToBR O0MEeH OOHOIHAYHD  HOSHTHOWUMPOBRATRCA
CTRYETYPOH daHHex, cocToAwen wa IF agpeca wotounkka, IP agpeca nprenmumka, UDP nopTa woeTodsMea,
UDP nopra npysmMHMKa.

OOWHOYHEIA  3Tan NocTpoeHMA noTokoBol FEC obecnedweaeT zawwTy FEC BoEX NakeToR K3
onpegeneHHore Habopa noxogHelx notokoa UDP nakeTop, BRarogaps HanuqWMe ogHOMS MW HECKONEKE
noTokoa UDP nakeTop, cOOepsallly QaHHBE BOCCTAHORNEHWA NakeTos. [NA Kaxgoro atana nocTposHHA
notokoaor FEC dHudropManMa © NoOTOEDBOHE KoHDWrypaudk FEC axniodyaeT:

1] OaHHee woesTudMEauna notoka (noTokos) UDP naketor ¢ FEC nakeTamd BOCCTaHoBNEHHMA
{FEC noTok BoccTaHoaneHma);

2) ona awgors doxogHore noToka UDP naketom, sawdulesdoro FEC MoToRDM  [NOTOKIMA)
BOCCTAHOBNEHHA!

- AaHHBLIE HaeHTWpWEaUWA noToka UDP nakeToR, CoOepMallens MexX0qHe & NaksThl;

UEMOYACTIEHHBIR HoedTidwkaTop wokogHore notoka UDP nagetos B guanazome ot O oo 255
OavHeld WoeHTHgHEATOR Oonsed ObiTe YHHKANbHLIM ONA BCEX MCXOOHMbIX noTokcs UDP naketom,
JAWKWLEHHEIX 0gHMM FEC noToxom soccTaHoRNeHHs;

3) cxemy FEC, KOTOpaA QOMEHa NPMMEHATECA.

MHOMECTEEHHEIE ITANLI NOCTPOEHKMA NOTOROBEOH FEC C pajfensHoR ¥ HEIABHMCHMOR MHDOpMaUHeRn o
NoTOROBOW KoHpWrypauxd FEC MOryT NPUCYTCTEORATE B NEDESaTUHEE WKW B NDHeMHEKKE. OQUHOYHBINA 3Tan
NocTpoeHKA NOToRSEDH FEC jalguiaseT Bod NakeThl Beax MexogHe noTokon UDP naketon, yKazaHHbx 8 2).
Boe nakeTel OaHHBX NOTOEDE O0MMHE DBTe MCXOOHEMH nakeTamy FEC, kak onpeaoenedo B o4.2.1.2.
DOMHoYHER noxogHed noTok UDP nakeTop He gonsed aawMwartsca Donee Yem ooduM 3Tanocn NocTpoe A
noToRoBoH FEC.

OguHodHeid FEC noTor BOCCTAHOBNSHWA OOMMed COOepwaTk MaseThl BOCCTAHOBMEHWA O0A
COMHOYHOTD 3TANE NOCTRPOEHKMA NOToKDBCH FEC. B QaMiomM NOTOKE HE GOMMHE NEPEIaBATECA HHEIE NEKETE.
Bce nakete B FEC noToke BOCCTAHOBNEHWMA OOMKHE OmTe nakeTamw soccTadoRnedwa FEC, kax
anpeaeneHo 8 4.2 1.3 4 00MmeEHsl OTHOCWTECA K GOHOMY 3Tany NOCTpoeH s noTokoaci FEG.

MocTpoeHde NoToRsesi FEC Oo0N#HO SRTE HHQOPMHPOBIHDS O NDHMEHASKOM B K3MI0M WCXOOHOM
Snoxke pazmepe cumeona. Jaddan wHgopMaunA mMoxeT CogepsaTecd 8 wHdiopMaune o NoTOKDBOR
poHchurypagy FEC wnd smomeT coobllaTecs WHeM CNoOCOoGoM, Hanpudmep, @ none WieHTWDWEaTopa
NONEiHsx GadHsx BoccTancBanedds FEC. Jetanssdan cnedwdhkaddA npoTokona OOCTABKM KOHTEHTA
OorKHa ONpeenaTe, KaKk JadHas nigopMaura NepedasTcr Mesay NEpeaTHuKomM | NDHEREHA KoM,

4.2.2 Cxemil FEC AnA noToKoBOW Nepegadyi

Cxema FEC gonsHa:
ObiTh CACTEMATHIHPOBAHHON;

- BbiTe OCHOBAKA HA KCXOOHEX SNOEAX, HENEDEKDBBAIWHACE W HENPEPEIBKEX B NPedenax noToka,

- YEAAeBaTE, Kak SBEN 1 ESl, cooTReTCTEYHNMLME WCXOQHOMY NaAKeTy, NepeaanTca OT Nepegaryu=a
NpHEMHEEY (HAanpUMep, B none WIeHTUOWEaTORS UCKOOHBY NoNe3Hkx Jaddsix FEC);

© YRAILIBATL, KaK ONWHA CHMBONa NepedacTcA OT Nepenartddka NpMemMHdEy (HANpHMep, kax 4acTe
HHPopMaUudd o nepegade obeektoe FEC),

- YHAILIBATR, KAK HHOWEATOR AndHe! 1], pEnioderHsi e 5P, naenecaetcA us nakera UDP;

- YHAILIBATE, KaK gnnuda 3P| sfif vaanekaeTca va naweta UDP.

4.2 2.1 Pantop-cxema FEC ona npodlecneHby NOTOKOE NaKeToR

42211 dopmatel W KoOL

ANEMEHTEl HHDOopMaLKEW 0 Nepenaqe obbekToe FEC:

» MEKCHMANEHAA ONHHA WMCXOOHONS DNoka B cuMeonax, 16 BuToR;

- pAIMED KoOMPYEMOTro cimMeona e BakTax, 16 GuToe.
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TOpMaT KOOHPOBAHKMA HHDOPMaUWK 0 Nepeldaqe oheexToa FEC NpHBe0eH Ha pHCYHKE 5.

16 GuTos 16 BuToR
Paamep cumpona T MakcHmansHas AnKHa “exoaHoro Bnoka
PucyHor 5 — ©opmaTt KoanpoBadne MHEDPMAaUMH O nepegagse obwekToe FEC

TOpPMAT MOBHTUDHMEITOPE HCXOOHBIX NONe3HEX JankeEx FEC npreeqed Ha prcyHER 6.

16 GuTos 16 GuToB
P T
Hosep woxoauoro Bnoka SBM WoeHTypukaTop CHMBONA Kogrpoeadkna ES|

PHCYHOK & = TOpMaT WOEHTHRHMEATOPE MCXOOHBIX NONeIHBIX JaHHislx FEC

TOpPMaT WOBHTUQMEITORE NONEIHLIX JaHHEY BoccTanoanedna FEC npueenend Ha DrcyHKe 7.

16 GuTos 16 GuTos
I _____
Hr:rucE HoxoaHoro Bnoka SEMN VIOeHTHMKATOD CHMBONA KogHUpoBanKa ES|
OrviHa wexoaHoro Bnoka SBL

Pucynor 7 — Copmat ngedTudiKkaTopa Noneadblx JauHex BoccTanoaneHna FEC
ViuTepnpetadwa SBN, ESl v SBL gava s 4.2.2.1.3.

4.2.2.1.2 Npousgyool
MepeaaTdyk ACMMEeH NOCNeSOBaTENBHD PASMEWLATE B MCXOOHER BNoKAX HOMEDE MCXOOHBER BNoKoe
SBN, HauuHan oTc4eT ¢ 0 nocne AocTisens SBN aHavenus 2'5-1.
B npouecce dopmupoRanma woxogHoro bnoka cormacko 4.2.1.1:
- MHOWEATOP AnKMel ], BrnioYeHHslid B SP kamporo naketa, Someed NpUHHMAaTE aHadesie, papHos
ONHHE NoneaHcd Harpyake nageta U0OP;
aHadqenne sfij npy Gopmrpogadin SP1 kasaoro NakeTa Aon#HS NEMHAMATE HEHMEHBLUEE SHAYEHHE,
YOCEMNETROPRIOWEs yonomuwo sfil = T2 (I + 3).
4.2.2.1.3 Cneywdukaura koga FEC
Paamep cumaona T gonsed BebWpaTtecs Takum oDpaack, HTO0B MAKCHMaNLHOS YHCNO WCKODHEX
cumeonoe Kmax B mofom vexodHom Gnoke He npessiwanc 8192,
Makcumanesan gnuea dcxogsoro Gnoka SBL @ chMeonax OomeHa BeOWDATECA W3 CNEayOWers
paaa;
101, 120, 148, 164, 212, 237, 297, 371, 450, 560, 680, 842, 1 031, 1 139, 1 281,
Ona QoCTHEEHKRA 3a0aHH0R ONUHLL KCXOOHER GBNOK MOMET DORONHATECA CHMBONAKMH O0NONHEHKA
Fli]. COCTOAWMME W3 HYNEeBLIX GaATOR.
4 2214 MNocTpoeHue NAKeTOR BOCCTAHORNEHHA
KasOblA NakeT BOCCTAHORNSHIAA J0MEEH Co0epHaTe CNeqys Wy WHgOpMaLmMe!
HOMED MCKogHoro Bnoka SBM;
- MOEHTADMEATOP CHMBONAa KogupoBaanus ESI;
- ANKHA Wexoaqoro Bnoka SBL;
CHMBON (bl BOCCTAHOBNEHWA.
“HHCNo CHMBONOS BOCCTAHOBMNEHKS B NAKETE BOCCTAHOBNEHWA PACCHUTRIBANT W3 ONKHHE NaKeTa.

JHaveHMe ESI, NoMELLEEMOE B NAKET BOCCTAHORNEHWA, PACCHWTRIBIOT Mo MOpMyne
ESLEFAH = ’mp.'.ur + K, |:4:|

roe lronzr = HHOEKC CHMBONA BOCCTaHOBMEHHA, 0, 1, ...}

K = KONWYECTED WCKOOMBIX CHMBONOB, DABHOE MaKCHMaNEHOR DNUHe wexogroro Gnoxka SBL.

Mone SBL B cocTaee NONA AOSHTHQMEATODa NMONeIHeX JAHMBE BOCCTadoBnesus FEC nomsuo
COQEEHATE YHCN0 CHMBONOE, BEMOYEHHBIX B SPl nakeToR, COOTEETCTEVIOWIME HCXOOHOMY BRoKyY, T. &. Nepeq
O0NONHEHWER J0 MaKCHMaNsH0NH ONHHel MCXOLHOMD GNoka cornacHo 4.2.2.1.3.
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4.2.2.1.5 TpaHcnopT

Kogep, dopmepvicwiin Pantop-sog (PanTop-kogep) gnA NoTOKOBOA nepenadd Jormsed NonyYuTs oT
NEGTOKONA NEPEAAYK NS KAKOOND HCXOOHOTS BRnoka cneqykowyko wHdopmagHin:

- passMep ciMeona T e BadTax,

- YACNO CHMBONOE B MCXOOHOM Dnoke K,

- HOMED WCcxofgHorn Enoka SBN;

HCXOOHBIE CHMBONEL ONA KOOWDOBaHKA.

Pantop-sogep NpeqocTapnaeT  NpoTokony  nepegasy  wedopMadkn  KoOWDOBaHWA  NakeTos,

CONEEMaLLYID ANA KaXOOTS NAKeTa BOCCTAHOBNEHWA:
HOMED WexogHom Enoka SBN;
HOEHTHDWMKATOD CHMBONA KOOWpoBaHKMA ES;

- ANuHa ocxogHore Gnoka SBL,

+ CHMBON (k1) BOCCTAHOBMEHKA.

MpoTokon nepegady QomsEed Npo3padHo nepegasate 2Ty wdwdopsaddo oexkogepy Panrtop-kooa
{PanTop-gekogepy).

4.2 22 PanTop-cxena FEC AN 0OMHOYHOND NoCnenoeaTensHors NoToKS NakeToR

B OaHHMOR CXeME B OTNHYHME OT Cxelbl, ONHMcamHol B 4221, none $oeHTHHEaTopa NoneaHsx
ganHes FEC samenseTch nocneqoBaTelbHbiyM HOMEpomM naketa. MNocnegopaTtensHele HOMEpa NakeToR @
KANOOM JAWMLLAEMOM NOTORE DOMKHE BOIPACcTaTe HA SQMHKUY ANA KEXOoro NakeTa B noToke.

FPaamep 3P| B oTOSNBHOM HCXOOHOM GROKe ONA KEHO0M0 NaKeTa B aTQenbHoM NOCNeoBaTeneHomM
NoToRE GONMEH DblTh BOMHEIM M QOMKEH NONY$aTeCA M2 Da3Mepa NakeTos BoccTanoceneHda FEC, koTopwe
TAKKE O0MHHE BeiTe OOQHOMD DAIMERE ANS OTHENLHOMD WeXomHOrS Gnoka.

42221 Dopratel W KOObI

HMupopaausin o nepegaqe obeektoe FEC cooteeTcTever 4.2.2.1.1.

Mone noguTUddMEaTopa MCXOQHEE NONe3HeEX gaddes FEC He mcnonsayvetca B Pantop-cxeme FEC,
npyeegeHiol B 4.2 2 2 MosoQHsie NakeTel He MoOHpULMpYsoTeA DadHoi cxemon FEC.

HMosHTHpUEaTOD NONEIHBX JaHHbLX BoccTasoBneHMAa FEC 8 gannoi cxeme FEC oonmed cOCTOATE 143
OBYX 4aCTe:

- ONLWOHANERER 3arcnoeck RTRP ans paclikpeHHoro ypoesa npoTokona DVE AL-FEC;

none KWOeHTWDWEaToOPa NonNeadelx JadHslx BoccTadoBnedks FEC anA pacluWvpesHoro yposHA
npaTokona OVE AL-FEC.

PopaaT Nong WoeHTHOWEAToRS NoONeIdbly JaHHeEE BoccTadoBnadks FEC ana gadHol cxewmsl FEC
nNoHBegEs Ha pucyHee 8.

i 16 GuToR 16 GuToR
| HadansHeR NopROKDELA HoMep ISH HMoeHTHdHEaTop CHMBONA KoaMpoBaHHa ES|
I En MHa MCXogHoTo Gnoka SBL

PucyHor § — DopMaTt nona HaeHTHOHMEaTORa NoNeIHeE faHHsLX soccTaswoenequs FEC

Mone HavansHoro NopAgEoBors HowMepa (1SN} gonsHo cogepkates Mnanwye 16 BUTOR NopRAKOaOrD
HOMEDA NEPROND MNAKeTa, BEKMKYeHHoro 8 gaddsi cyb-Gnos. Ecnn gnvsa nopAgkoBoro Homepa kopode 16
GUTOB, OH JON¥EH DGeiTe JONOMHEH HYNAMA J0 ONdHsl 16 BuToB.

HoenTrdukatop cusmeona koadpoeakna ES| gonsed yekasmBaTe, KAKWE CHMBONE BOCCTAHOBNEHHA
cOOep#aTcaA B JAaHHOM MakeTe BoccTawoBnedwAa. Mpedtwdukarop cuamBona kogupoeadnA ES|I gonwed
HHPOPMUPOBATE O NEPEOM CHMBONE BOCCTAHGBNEHHA B NAKETE.

Onvka voxoaHors bnoka SBL cogepsuT HHopaMauMio O ONHHE WCXOOHOMD Gnoka B CHMBOMNEX.

4.2.2 2.2 MNpouegype

MepeoaTt-Ke DoMmKed NocnedoBaTeNEHS PAaIMELAaTE B HCXeaHbIX BROKax HOMEDE HoXoOHBK GRoKom
SEN, HauwHas oTcdeT ¢ 0 nocne JocTikesHA SBM avaverun 2151

B npouecce dropMupoBaHqa wexodnoro Bnoka cornacue 4.2.1.1:

HHAWEATOR Ondusl T Bkmoveddepid 8@ 3P kEamiore nagera, Aomsed NpUHdMaTh  asadelue
COOTBETCTEVIIWES MPOTOKONY NepefadYE; ans npoTokona RTP ol pased ONdHe nonessol Harpyaka BTR
nmioc anvda CSRC (ecnk ecTe] nnioc AnkEa gobasodublx GanToer RTP (ecnu ecTe];

avavyenre ST npw dopMupoRadiy 3P| kamgoro naketa gomsHo OkiTe PABHO YMCNY CHUMBOMCA
BOCCTAHOBNEHHS, PAIMELWEHHLIX B KAMOOM MNakeTe BOCCTAHOBNEHMA, KOTOPOE O0MHHE GbiTe SOWHEIM ONA
BCEX NAKETOR BOCCTAHORNEHWA Bnoka.
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HoMEpa WCXOOHEX NAKETOE, BEMMNYEHHLIY B HCXOOHBIA BROK, onpedenanTed 13 |1SM o SBL 4 QonsHe
creasaate oT | ao I+la/le-1,

roe | = ISM voxoguoro Gnoka;

LP = anHa SPI1[{SPIL) & GanTax;

LE = SBL & chMBonax.

EZl ona naketa Cc NocnedosaTenNsHeM HoMepos N onpegensnT no gopuyne
ESl=(Ns-11¥ L¢ {3}

Bog naseTsl BOCCTAMORNEHMMS, OTHOCSIWWECS K AAHHOMY WCKOOHOMY GROKY, OOMKHE COOSDMATE
eadibie SBL W ISM.

4 2.2 23 Cneywndrmkayma koga FEC

Cneyudueagka kofa FEC JonsHa cooTEeTCTROBATE TREDOBAHWAM, HANOMeHHEM B 4.2 2 1 3.

BubEnuorpadia

[11 ETSI TS 102 472%1.3.1 (200806}  Digidal Video Broadcasling (DVB): IP Datacast over DVB-H: Contant
Dralivery Protocols

[2] ETSI TS 102 034 V14,1 (2008-08)  Digital Video Broadcasting (DVE): Transport of MPEG-2 TS Basad DVE
Sarvices over |P Based Nelwaorks

[3] SMPTE 2022-1-2007 Forward Eror Correction for Real-Time VideofSudio Transport Ower |IP
Matworks
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