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1 KpaTkue TeopeTu4ecKre CBeICHUs

1.1 OcobeHHOCTH (QYHKIMOHUPOBAHUS CETEH MHUPPOBOTO TEIECBU3MOHHOTO

Bemanud 1o rexgojioruu DVB-T2

Texnonorus 1udpoBoro TeneBu3noHHOro Bemanus DVB-T2 - ato cranmapt
BTOoporo mnokosieaus. Cranmapt DVB-T, oTHocsumiics K TE€XHOJIOTUU HUGPPOBOroO
TEJIEBU3UOHHOTO BELIaHUs TMOJIpa3yMeBaeT TPAHCIIALMIO KOJIUPOBAHHOTO HU(PPOBOrO
TB-curnana (B ¢opmare xoaupoBanuss MPEG-2, a BnocneactBuum - B Oolee
coBepiieHHOM ¢opmare, Harpumep, MPEG-4). Jlns nepenauu 1udpoBoil cUrHaI
konupyercs u mpeodOpazyercss B OFDM-curnan. OFDM - 310 TexHoJOTHUs
MOJIYJISILIUU TTOCPEICTBOM OPTOTOHAIBHBIX HECYIIUX, T.€. MOJIYJIUPYIOTCS MHOKECTBO
(8 DVB-T - mopsinka 8 TbIC.) HECYLIUX, PACHOJIOKEHHBIX B 3aJlaHHOM TOJIOCE C
(bUKCUpPOBAaHHBIM IIAaroM Mo 4vactore. CKOPOCTh MOIYJSIMU OTACIBHOM HeCcylen
Opyd  3TOM JOCTaTOYHO Maljla, YTO TIO3BOJIIET HCIOIb30BaTh dA(PPeKTUBHOE
MIOMEXOYCTOMUMBOE KOAUPOBAaHWE W TMPUHUMATL Mepbl st OOpeOBI ¢
MEKCUMBOJIBLHON MHTEp(depeHIeli (BBOIUTh CleMaIbHbIE 3alIUTHBIE UHTEPBAJILI B
kaxaeii OFDM-cuMBoi). DTO akTyallbHO MpU BEHIAHUU B YCIOBHUSAX CIIOXKHOTO
penbepa W TOPOJCKOM 3acTpOMKHM, KOTJa TMPOUCXOJIUT TMEepeoTpakeHUue u
MHOT'0JIy4€BO€ paclpOCTPAaHEHUE CUTHAJA, BOSHUKAIOT 30HbI 3amMupaHud u T.1m. Cama
OFDM-Mopynsitius peanu3yercs MOCPEICTBOM aJrOpUTMa OOpPaTHOTO OBICTPOTO
npeobpazoBanust Oypre (Ha nepeaaromield cropone) B uudpopoit popme. OCHOBHBIC
napametpel OFDM-curnana - OTHOIIEHUE JIUTEIBHOCTH 3alllMTHOTO WHTEpPBAJIA K
00111Ie# JJIUTEIBHOCTH CUMBOJIA, YUCJIO HOMUHAIBHBIX MOJIHECYIIHUX, TUI MOIYJISIINN
noaHecyuiel (MHGOPMAIIMOHHAsT €MKOCTh OJHOI0 MOJIYJALIMOHHOIO CHMBOJIA, B
HallleM CITy4dae 3aBHUCSIIAsi OT YUCIa BO3MOXKHBIX MMOJOKEHUN 3HA€HUN aMILIUTY/IbI
1 a3l curnana) [1].

Cranpapt DVB-T2 npuszsan kak MUHUMYM Ha 30% yaydIniuTh €eMKOCTbh CETEH

LTB no cpasaenuto ¢ DVB-T, npu Toit ke MHGPACTPYKType CETH U YaCTOTHBIX
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pecypcax. OgHAaKO Ha TPAKTUKE BBIUTPHINT OKaszbiBaeTcs He Hmwke 50%. DVB-T2
MPUHIUIINAIBHO OTJIMYAETCA KaK apXUTEKTypoil cucteMHoro ypoBHs (MAC-ypoBHs
- Media Access Control), Tak 1 ocoOeHHOCTSIMU (HU3UUECKOTO YPOBHS.

Ha cucreMHOM ypOBHE MNPUHIMIHUAIBLHOE OTJIMYME HOBOTO CTAaHAApPTa - 3TO
KOHIICTIIUSI MarucTpaabHbIX MOTOKOB ¢uzudeckoro ypoHsa (Physical Layer Pipe -
PLP). Ecnu cranmapt DVB-T 0wl npenHazHaueH HCKIIOYHUTENIBHO IS TIepeadu
naketoB MPEG-2, 1o cetb DVB-T2 cnocobna TpaHcnupoBaTh caMble pa3HBIE 10
npupoae U CTpykType uHpopmanmonnsle notoku. Cucrema DVB-T2 cnocoOna
repeaBaTh HECKOJIBKO HE3aBUCUMBIX MYJIbTUMEIUUHBIX TOTOKOB, KaXK/bIil CO CBOEH
CXEMOUN MOJIYJSIUU, CKOPOCThIO KOJUPOBAHUS M BPEMEHHBIMH WHTEpPBAJIAMH, Kak
nokaszaHo Ha pucyHke 1.1 [2].

Radio/Mobile

e eaanilSD services

""""” HD services

Pucynox 1.1 — Mcnons3oBanue pexxuma Multiple Physical Layer Pipes

Bo3HrKaeT OTHOCHTENHHO CIIOKHAS KaapoBasi CTPYKTypa, KaK Ha JTIOTUYECKOM,
TaKk M Ha (U3NYECKOM YpoBHE - Huuero mnogobnoro B DVB-T He Obuio.
CootBerctBeHHO, B cuctreMe DVB-T2 mnosBrnsercs HoBas  QyHKOUS -
npenBapuTenbHas o0paboTKa BXOJHBIX MOTOKOB, CTPYKTypa KOTOPOM MpuBeeHa Ha

pucynke 1.2 [1].

MNepemexe- :
i BxopHas Dopmu- :
BxogHble i BxopHas Hue 6UToB, lenepaums /
- - —» — — AN
MPEA- il . obpaboTka . kommposarme | POBARME OFDM ™

I %

NMOTOKM & }
;o6po6on<c1§_; N M MORYNALMS

....................... Cucrema DVB-T2

' !
L P

KOApPOB

Pucynok 1.2 - O60o0mieHHas cxema 00pabOTKH MepeilaBaeMbIX CUTHAJIOB B
cucteme DVB-T2

B memom, o6mas cxema o00paboTku curHaioB B cucteme DVB-T2
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CYIIECTBEHHO YycloxHsercs. Ha pucynke 1.3 mnpuBeneHa ymnpoleHHas cxema

o0pabotkn wHpopManmu (repenaronias ctopoHa) B cucteme DVB-T2, koropas

IMOATBCPKAACT TCXHHUYCCKYIO CJIOXHOCTh pPCalnu3allu aJIropuTMOB 06pa6OTKI/I

curanajosB 1o trexHojoruu DVB-T2 [1].

[o6asnerue

PLP O BxoaHoi CubxpoHmaaums| Komnen- Yoanerne [No6aenenme | BEIPOBHABGIOLLAX
PLP | ———lwrepdeiic BXOLHBIX caumsa Hynesbix CRC-8 BB-3aro- nonen 1 BHyTpH-
: NOTOKOB 3aaepxex NAKETOB NOBKOB Hucnetuep KAHONbHOM
: T T T T T T CUTHANM3ALM
PLPn —— T I —

NuHammueckas amcnetyepckas nHbpopmaums L1
(nobaenserca B npeambynel naxketos 12)

Ckpembnu-
poBaHHe
BB-kaapos

i PLP O 3aumrHoe || Mepe- || @Popmnposarme | [Tosopor curtans-| |Mepemexerie|— Bpemerroi—
: ™| komvposanue [l mexerue [T MOBYISUMOHHBIX [Pl HOTO CO3BEIMAMA M| ponynALMOH- MHTEpP-
L__ PLPI (LDPC/BCH) Butos chmaonos v casur HbIX CHMBOSNOB NMBMHT PopmposaHme
i T | (kon Ipes) Q-koopauHarel I | KaApPOB.
PLPn T I ‘| I| I I Coaparme |, | Hacrotwoe |
MCXOAHBIX nepemexeHne|
MACCBOB sl !
u SawuTHoe Dopmuposarue OFDM-CHmsonos !
—_— KOAMPOBAHHE MOAYAAUMOHHBIX
leHepaums (LDPC/BCH) CUMBONOB .
ynpaens- (kon Mpes) !
1oL \
Kondurypaums | npeamBynsi '
O——| I
\

lerepaums

OFDM -cumaonos K nepeaarmky

Mooueyos Bcraeka 1 , Beraska [1 |[doBasne-|i : Tx1
- lei‘Sgp - nunothex - OBMN® 1| sawmhex [ Hue cum- [ LAM F—
- yacrot i 1"1uHrepsanos|i~] sona P1 i~ r'.'r’
] 1 h | 1 Tx2 (onumoransHo)
'

Pucynoxk 1.3 - ynporenHas cxema o0padoTku ungopmaiiuu (nepeaaroiias CTOpoHa) B

cucreme DVB-T2

B crammaprte pa3iMyaroTcs TPpU OCHOBHBIX THIA ITOTOKOB - TPAHCIIOPTHBIN

notok (Transport Stream - TS), 06001IeHHBIN HHKATICYIUPOBaHHBIN MOTOK (Generic

Encapsulated Stream - GSE) u 0000meHHbIl HempepbiBHBIH TOTOK (Generic

Continuous  Stream - GCS). Kaxaplii 1MOTOK  MpeacTaBisieT  coOoi

MOCJICZIOBATEILHOCTh  MOJb30BaTeibeckux — maketoB (UP - User  Packet).

TpaHcnoOpTHBINA MOTOK - 3TO MOCJIEIOBATENBHOCTh NAKETOB (PMKCUPOBAHHOMN JJIMHBI

(makerst MPEG-2, 188 OaiiT, mepBblii 0aliT - Bcerga CHHXpPOOAWT CO 3HAYCHHUEM

4716). ITotox GSE xapakTepusyeTcs MakeTamMu NMEePEeMEHHOUW WU (PUKCHUPOBAHHOM

JUIMHBI, KOTOpasl yKa3blBaeTca B 3arojoBkax dTux mnakeroB. Ilotrok GCS

MPEACTABISIET COO0OM HEmpephIBHBIM TOTOK OutoB. PeambHo - 93T0 Wi

ITOCJICAOBATCIBHOCTh ITAKETOB oe3 YKa3aHusa WX OJIMHBI, WK ITaKEThl MaKCUMaJIbHO

BO3MOKHOU 1iMHEI 64 KOwur.



[TakeTpl KaXJIOTO MArUCTPATBHOTO TOTOKA OOBEAUHSIOTCS B TOTOKOBBIC
(Baseband) xaaper (BB-kamgpsl) - OTAEIBHO TSI K&KIOTO MOTOKA, KaK MOKA3aHO Ha
pucynke 1.4 [1]. BB-kaap conepxxut BB-3aronoBok (80 6uT), moJjie JaHHBIX U TOJIE

BbIpABHUBAHMA. B MMOCJIICAHEM MOXHO II€pCaaBaTb OdHHBIC BHYTpI/IKaHaJIBHOﬁ

CUT'HaJIM3allnu.
80 6ut DFL K., - DFL-80
BB-3aronosok Mone aaHHbIX MNona sepaBHyBakis 1/ Wik

BHYTPHUKAHQNBHAA CUTHONW3ALLKA

BB-kanp, K_, , 6ut

Pucynok 1.4 — CTpykTypa NOTOKOBBIX KaJpoB B cranaapte DVB-T2

B 3aronoBke makera coepKUTcs HHGOpMAIMs O TUIIE TPAHCIIOPTHOTO MOTOKA,
pa3Mepe I0JIb30BATENbCKOr0 Makera (Mpy HEOOXOJUMOCTH) U BCEro MOJIsl JaHHbIX,
HaJIMYUU PEKUMOB YJIAJCHUS IMYCTHIX ITAKETOB U JTOMOJHUTEIBHBIX CHHXPOIIAKETOB,
UCIIOJIb3YETCsl MOCTOSTHHASA/TIEpEMEHHAas MOAYJ LM U T.I. PazMep mosis HaHHBIX U
BBIPABHUBAIOILIETO TOJIS ONpeesieTcs napaMeTpaMu CBEpTOYHOIO Kojepa (B cyMMe
He 6ojee 53770 Our).

Cranmapt DVB-T2 opueHTHpOBaH Ha nepeady TEJIEBU3MOHHBIX MOTOKOB, B
KOTOPBIX 3a4aCTYH) HMCIOJIB3YIOTCSl ITyCThI€ MAKETHI (I BBIPABHUBAHMS CKOPOCTH
MOTOKA), Pa3HOTO poja 3aACPXKKU U T.N. IS COXPAHEHUS IMOCTOSHHOW CKOPOCTHU
notoka. [losromy B DVB-T2 npenycMoTpens! cpeacTBa yaaJleH s 3TOW U30BITOUHON
nH(pOpMaIUKU, HO C BO3MOKHOCTBIO €€ BOCCTAHOBJICHHS HA MPUEMHOM KoHILe. Kpome
TOTO, ONMIMOHAILHO MPEIYyCMOTPEH U MEXaHU3M cBepToyHOro koaupoBanus CRC-8
Ha YPOBHE I10JIb30BATEJILCKUX ITAKETOB.

CdopmupoBannsiii BB-kanp ckpeMmOnupyercss (paHIOMU3HpPYETCS MyTEM
MIEPEMHOKEHHSI HA IICEBJOCIYYalHYH IIOCJIENI0BATEIbHOCTh) M IOABEPraercs
KOPPEKTUPYIOIIEMY KOAMPOBAHUA. MexaHn3M 3alUTHOTO KOAWPOBAHHUS - €IIE OJHA
NpUHIUIHAIbHAS 0COOCHHOCTh cTanaapta DVB-T2. B kauecTBe KOPPEKTUPYIOLIETO

KOJa HCIIOJBb3YCTCA KaCKaI[HI)II‘/JI KOI. B kauecTtBe BHENIHEro KOJa B HCM IIPUMCHCH
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omokoBeii  kozep boysa-Uoynxypu-Xoksunrema (bBUX, BCH). B «kauectse
BHYTPEHHEI0 - HHM3KOIUIOTHOCTHBIM Kox ¢ mpoBepkoid Ha uvetHocth (LDPC). B
3aBUCUMOCTH OT ckopoctu koaupoBanusi LDPC, pasmep BXogHOTo 0JI0Ka JaHHBIX
st bUX-komepa MOXKET pa3nuyaTbCs, OAHAKO BBIXOJHOW pa3Mep KOAOBOTO CJIOBa
nociie LDPC Bcerma cocrtaBisier 64800 Out. Ilapamerpsl moMeXoyCTOMYHMBOIO
KOAUPOBAHMS JJI CTAHIAPTHOTO KOJOBOTO CJIOBAa MPHU Pa3IUYHON CKOPOCTH
KOJIUPOBaHMS TpeJCTaBleHbl B Tabiuie 1.1, a cTpykTypa KOAOBOTO CJIOBAa MOCIHE

obpaboTku BB-kanpa Ha pucynke 1.5 [1].

Tabmuuma 1.1 - Ilapamerppl NOMEXOYCTOMYMBOTO KOJMPOBAHUS IS

CTaHIapPTHOI'O KOAOBOI'O CJIOBA

CxopocTb HUcxonnabrit Konosoe cio- | Yucio nc- | Kogosoe
LDPC- ook paHHbIX | BO bCY (me- | mpaBnsieMbix | ciioBo LDPC,
komaupoBanus | (mepen BUX), | pen LDPC), BUX-komom Nldpc
Kbch Kldpc OImuO0K
1/2 32 208 32 400 12
3/5 38 688 38 880 12 64 800
2/3 43 040 43 200 10
3/4 48 408 48 600 12
4/5 51 648 51 840 12
5/6 53 840 54 000 10
) Ndpc=KIdpc s
B Kbch - Ndpc_dec . N\dpc_Kldpc .
BB-kanp BYX-kon LDPC-kon
N, ,6ur

Idpc /

Pucynok 1.5 - CtpykTypa Ko0BOTO clioBa mocie oopadotku BB-kaapa

[Tepen mopynsauueit (kpome BPSK u QPSK) komoBbie cioBa moaBepraroTcs
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NMOOUTHOMY NEPEMEKEHUIO U PACTIPEACISAIOTCS MO0 MOIYJISIIUOHHBIM CUMBOJIAM (CM.
pucyHok 1.3).

B DVB-T2 no6Ganena mopymsuus 256-QAM (8 OuT Ha CHUMBOJ), YTO
MOBBIIIAET €MKOCTh KaHana nepefaun Ha 33% (oTHocuTenbHO cxembl 64-QAM B
DVB-T). OObruno mnepexon oT 64-QAM k 256-QAM TpebyeT yBeIMYECHUS
COOTHOIICHMS] CUTHAJ/IUyM Ha mnoaHecymed Ha 4-5 nb. Opnako Onaromaps
npuMeHeHno Koppektupyromux kogoB BCH-LDPC, sddexTuBHOCTD KOTOPBIX
ropasz/io BbIIIE TPATUIMOHHBIX KOJOB UCHpaBieHus omubok (B T.4. Puna-
Conomona), B DVB-T2 ckopoCcTh KOJUPOBaHUS MOXET OBITh HAMHOTO BBILIE U

o0I11ast MPOIyCKHAs CIIOCOOHOCTh KaHajla CyIECTBEHHO BO3PacTaeT.

}
I

!

Pucynok 1.6 - CurnansHoe co3Be3nue 16-QAM nociie noBopota

Eme opno HoBmiectBo DVB-T2 - BBeigeHue cxeMbl MOAYJSILUM C
«BpalIAOIIAMCS» CUTHAJIBHBIM CO3BE3MEM, KaK IMOKa3aHO Ha pucyHke 1.6. Orta
npoueaypa  O3HayaeT, 4Tro  C(HOPMHUPOBAHHBIA  MOAYJISUMOHHBIA  CHUMBOJI
[IOBOPAYMBAETCS B KOMIUIEKCHOM IJIOCKOCTH Ha OINPENEIICHHBIN YroJj, 3aBUCAIIUN OT
yucia ypoBHeit moayssanuu (29° miist QPSK, 16,8° - nnsa 16-QAM, 8,6° nns 64-QAM
u arctg(1/16) mns 256-QAM). Bonee Toro, mepen HavaJioM BpallleHUs KBaJpaTypHast

(Q) kKoopamHATa KaXJI0TO MOIYJISIMOHHOTO CHUMBOJIA IUKIWYECKH CIIBUTAETCS B
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paMKax OJHOTO KOJIOBOTO CjoBa (T.e. OepeTrcs W3 MPEAbIAYyIIEro CHUMBOJIA ATOTO
cioBa, (Q-KOMIIOHEHTa TIEPBOIO CHUMBOJIA CTAHOBUTCS paBHOM (Q-KOMIOHEHTE
MIOCJIC/THETO).

B uem cyTh moBOpOoTa CUTHAJIBHOTO co03Be3auA? B KBaagpaTypHBIX KaHalax
NepenaTcsl MPOEKIUU TOYKH CHUTHajlda Ha COOTBETCTBYIOIIME ocH (CMH(pa3HYIO U
KBajJipaTypHyio). Ilpu OOBIYHOM CHUTHAJIBHOM CO3BE3[IUUM HECKOJIBKO TOYEK
PAaCIOJIOKEHBI Ha HECKOJBKHX OOIIMX OPTOTOHANBHBIX JUHUSAX, U HX MPOCKIIHH
coBnagatot. [locie moBopoTa CUTHAIBHOTO CO3BE31Usl (CM. PUCYHOK 1.6) y Kaxmoun
TOYKH - YHUKaJbHbIE Q- U [-koopauHaTel. HekoTOphIE M3 KOOPAMHAT OKA3BIBAOTCS
JIOCTATOYHO OJU3KO JAPYT K JAPYTry, HO MO OJHOM KOOpAMHATE TOYKU BCErAa MOXKHO
BOCCTAaHOBUTH [IPYyITyl0 €€ KOOpAMHATy. A MexaHu3M ciaBura (Q-KoOpauHaThl
MPUBOAUT K TOMY, UTO MCXOJHBIC KOOPAWHATHI CUTHAJIBLHOM TOYKH OKa3bIBAKOTCS B
Pa3HBIX MOJYJIAIIMOHHBIX CHUMBOJIAX (T.€. 3aBEJOMO Ha Pa3HbIX MOJHECYIIUX), YTO
CYLIECTBEHHO CHMXAET BEPOSITHOCTh MX OJHOBPEMEHHOM JAerpajalMd Kak Hu3-3a
CIIyYallHbIX HWMITYJIbCHBIX IOMEX, TaK W MO IMPUYMHE CEJICKTUBHBIX 3aTyXaHUW B
ka"ane. [IpuMeHeHHe TakoW TEXHUKH 00ECIeYMBAET OIEPAIMOHHOE yCHIIeHHE 7,6
nb.

[Tocne dopmupoBanusi MOIYJIANUOHHBIX CHUMBOJOB MPOUCXOAUT  UX
IIEPEMEKEHHE B MPEJIeSIaX KOAOBOTO CJIOBA.

Bce paccMOTpeHHBIE 10 CUX TIOP MPOLEAYPHI BBITOIHAIOTCS MapaluieIbHO [T
OT/ICJIbHBIX MaruCTPaJIbHBIX OTOKOB. B pe3ynbraTe mis kaxxmoro PLP ¢opmupyercs
MOCJEAOBATEILHOCTh  MOAYJSLMOHHBIX  CUMBOJIOB. M3  HUX  HeoOXoaumo
chopmupoBatb OFDM-cumBonbsl. Ho eciu B DVB-T »sta mnpouenypa Obuia
abcomoTHO Tpo3payHoit, To B DVB-T2, wu3-3a BO3MOXXHOCTH TpPaHCIUPOBATH
HECKOJIbKO MYJbTUMEIUNHBIX TMOTOKOB, HEOOXOAUMO C(POpMHPOBATH JAOCTATOYHO
CJI0KHYIO KaJIpOBYIO CTPYKTYPY.

Kanp ¢usnueckoro ypous DVB-T2 (T2-kanp) naunnaercs ¢ npeamOyssl Pl.
910 OFDM-cumBon ¢ moaymsauuesn DBPSK, nByMs 3alquTHBIMH WMHTEpBAJIAMHU C
IByX cTopoH (B cymme 1/2 pgnoutensHOCTH cuMBojia). OH  CIOYyXKHT s

CUHXpOHM3alMK, wuaeHTu(uKanmuun noroka DVB-T2, a Takxke couepxur 7
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MH(POPMALMOHHBIX OUT ¢ HavanbHON HH(OpMmarueit o T2-kaape, a UMEHHO YHCIIO
HoMUHaNIbHBIX TToAHecymux B OFDM (1K - 32K) u ¢popmat nepenauu cienyromieit 3a
P1 npeamOynst P2 (pexxumbr MISO unmu SISO). Best ocranbhas undopmanus o T2-
Kazape (IIMHa, MOAYJISALUUSA, CKOPOCTh KOAUPOBAHUS U T.I1.) MepefaeTcs B npeamOyiie
P2, koropas moxker 3aHnumaTh Heckoinbko OFDM-cumBonoB. Jlanee ciemyer moJie
naHHbeiX (nHMopmarmonHsie OFDM-cumBoinbl). 3ambikaeT T2-kaap crienydaibHBIHN
3aBepatomuiit OFDM-cumBoin. B 3aBucumoctu ot napamerpoB OFDM, B T2-kanpe
MoxkeT ObIThb oT 60 g0 2098 OFDM-cumBojsioB mpu mojoce mnepenaun 8 MI.
MaxkcumanbHas anuTensHocTh T2-kaapa - 250 mc. Ctpykrypa kaapos B DVB-T2
npejacraBicHa Ha pucyHke 1.7 [1].

T

SF

A
Y

| Cynepkaap Cynepkaap Cynepkanp

— -~
- =~ -
~
— I
’/ -—\\
— F -~
—_ -~

— -~

T2-xamp N, — 1| FEF|

— L

| T2-«app 0 |‘ T2-kanp 1 | T2-kanp 2 | FEF

-~

TPW////TS TS \\\“-._\
- -~ -—_
| P1 |P20 |... PON_ — 1 Cumeon |Cumeon | eee | Cumson

P2 naHHbix O [gaHHbIX | LOHHbIX L

Pucynok 1.7 - Ctpykrypa kanpoB B cucteme DVB-T2

T2-kaapel ob0beauHeHsl B cynepkanap. [lomumo T2-kampoB B cymepkaap
BXOJIST MOJIsI, 3ape3epBUPOBaHHbIC [ AanibHelero ucnons3oBanusa (FEF - Future
Extension Frames). Onu Moryr depenoBaTbCcsi B IPOU3BOJBHOM  TOPSIZIKE.
MakcuMainbHas JUIMTENBHOCTH cynepkanapa - 128 c¢. Eciu B cynepkanpe Het FEF, ero
MaKCHMaJbHas JUIUTENbHOCTh TSF=64 ¢, uto cooTBeTcTBYET 256 T2-Kanpam mo 250

MC.
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Tabmuma 1.2 - Makcumanbnas nnuHa T2-kaapa (OFDM-cuMBosioB) B mosoce 8

MFH B 3aBUCMMOCTH OT PA3JIMYHBIX MOAYJIAOUOHHBIX IIapaMCTPOB

HomunansHOo€ | JNIMTENBHOCTH 3alUTHBIN UHTEPBAJ
YUCII0 cumBoJia, mc | 1/128 | 1/32 | 1/16 | 19/256 | 1/8 | 19/128 | 1/4
MOIHECYIIINX
32K 3,584 68 66 64 64 60 60 -
16K 1,792 138 | 135 | 131 129 123 121 111
8K 0,896 276 | 270 | 262 259 247 242 223
4K 0,448 - 540 | 524 - 495 - 446
2K 0,224 - 1081 | 1049 - 991 - 892
1K 0,112 - - 2098 - 1982 - 1784

Makcumanbaas jgiuuHa T2-kagpa (OFDM-cumBosioB) B monoce 8 MI'm B

3aBUCUMOCTH OT PA3JIMYHBIX MOAYJIAIMHUOHHBIX IIAPaMCTPOB IIOKAa3aHa B T&6JIHIJ;€ 1.2

[1]

PaCHpeIIGJIGHI/ICM IIOTOKOB II0 KaapaM 3aHHMAcCTCA CHGHH&HBHBIﬁ AUCIICTUCD

emnle Ha craauu GpopmupoBanusi BB-kaapos. Yxe Toraa, 3a10iro 10 GopMUpoBaHUS

OFDM-cumBosioB, co3maetcst curHanbHas wuHpopmamms. Cranmapr DVB-T2

Ype3BbIYAMHO THOOK C TOYKU 3pPEHUSI MYJIbTUILJIEKCUPOAHHUS MHOXKECTBA MOTOKOB B
€IMHBIN TPAHCIALMOHHBIM CUTHAN. Buaumo, pazpaboTuUKu XOTEIH MPEAyCMOTPETh
HE TOJBKO BCE, YTO OHU TOJBKO MOTJH BOOOpPa3uTh, HO M TO, UYTO OHU JAXKE
nmoka He wMormu. Ilostomy He CTOJIb

MIPEACTABUTh OylaeM  yIuBIATHCA

MHOT'000pa3HOMY U, Ka3aJI0Ch Obl, N30BITOUHOMY HA00OPY BO3ZMOXHOCTEM.
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O) O6was crpykrypa T2-kagpa

Mpeambyna [[Mpeambynal Obumit | MNotoku |Flotoku |BcnomoratensHeie

Pl P2 notok | Tmvna 1 | tvna 2 NOTOKM
- ) OFDM-cnmponsl
S Bpems
—
523 PLP tmna 1 PLP tmna 2
= - >— >
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x a |la|la|S —_ — s
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& 3 B I I e Iz (=== =| 3 |Ge
p3 c|1 33 |3 Cla (o |la | o o E |22
O O |\O |\O — — — — 1 1% (- 0
T OO0 |0 O la || | a 2a]
\ L

Pacnpepenenune pparmenTos notokos B T2-kagpe
Pucynok 1.8 - O6mias ctpykrypa T2-kaapa (a) u pacnpeaenerue GpparMeHTOB

moToKoB B T2-kazape (0)

@opmupoBanue OFDM-kanpoB HeEpa3pblBHO CBA3aHO C paCHpEeaeICHUEM
(GbparMeHTOB pa3IMYHBIX MAaruCTPAIBbHBIX MOTOKOB Kak BHYTpW T2-Kaapa, Tak U B
paMkax cymnepkaapa. C 3TOM TOYKH 3pEHHsI CTAaHAAPT BBLACISET TPU THIA MOTOKOB
PLP - o6mmii, a Takxke nmoToku qaHHbIX Tuma 1 u 2. O6muii PLP - 3to undopmanmus,
oOwas 1y1st rpynnsl U3 Heckoabkux PLP (Hanpumep, TabIuLbl TpOrpaMM U CEPBUCOB
PSI/SI nns HeckonAbKUX TpaHCIOPTHBIX NOTOKOB). [ToToku PLP Ttuna 1 B T2-kanpe He
MO/IPA3ICISAIOTCS Ha (DparMEeHThl - UHBIMH CIIOBAaMHU, B KaXAOM T2-Kajape MOXKET
OBITH TOJIBKO OJMH (parmeHT kaxaoro PLP tuna 1. Hakonern, motoku tuma 2 MOryT
B mpeaenax T2-kaapa pasfeisaTbcs Ha HECKOJbKO (parmeHToB (oT 2 g0 6480),

CIEOYIOIMNX B KaJpe MONEPEMEHHO, KaK MOKa3aHo Ha pucyHke 1.8 [4].
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Konosse crosc T HE DD

Mutepnu-
BUHIOBbIE
6roku

hTepnu-
BWHIOBLIE
Kaapsl

T2-kappel 0

I

6) Koposblie cnosa

MHTepnueuHroesie
6noku

MHTepnueuHroesie
Kagpsl

TQ-KGﬂpbll 0

o]
w
B

B) Kopossie cnoea

Wntepnuremrrossie | Bnok | Bnok | Bnok
Bnoku 1 2 3
MuTtepnu-
BMHFOBbIE 0 1 2 3 4
Kaapsl
T2-kagpsl 0 1 2 3 4

Pucynox 1.9 - Pacnipenenenre HHTEPIMBUHTOBBIX OJIOKOB M KaJApOB pa3audHbix PLP
no T2-kagpam: a — 0MH B OJIUH, O — HECKOJIBKO MHTEPIUBUHTOBBIX KaJPOB B OJIMH
T2-kanp (mocnea0BaTeNIbHOCTD € IPOITYCKOM OJTHOTO Kajipa), B — TPU
WHTEPJIUBUHTOBBIX OJIOKAa B OJIMH MHTEPJIMBUHTOBBIN KaJIp

[Toroku MoryT orobOpaxarbcs Ha T2-Kaapbl MO ONPEAEIICHHBIM IPaBUIIAM.
Hanpumep, notok N nepenaercs B rpymmax 1o Tpyu CMEXHbIX T2-Kaapa, CIeIyomux
yepe3 UHTEpBAJI B OJMH Kajap. bosee Ttoro, nepen pacnpenenenuem no T2-kaapam B
pamkax kaxaoro PLP Bo3MoxxHO BpeMeHHOE mnepemexeHue. [t 3TOro KoJoBbIE
cioBa mnotoka PLP mocine dopmupoBanuss MOIYJIALMOHHBIX CHMBOJOB M HX
IIEPECTAHOBKUA TPYNIIUPYIOTCS B T.H. HMHTEPIMBUHIOBBIE KaJpbl, COJEpIKaIIUe
JTUHAMHYECKHA U3MEHSIONIEECS LIEJI0€ YUCIIO KOJOBBIX CJIOB. IHTEpIMBUHIOBBIN Kaap

COCTOUT M3 OAHOIO MM HECKOJIBKHMX HWHETPJIHMBHUHIOBBLIX 6HOKOB,KaK IIOKa3aHO Ha
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pucynke 1.9. IlepemexxeHue CHMBOJIOB MPOUCXOAMT B MpeAenax BCEro
MHTEpIUBUHTOBOTO Ojnoka. [Ipouenypa pa3OueHus Ha UHTETPIMBUHIOBBIE OJIOKH U
KaJ(pbl BBINIOJIHAETCS HA YPOBHE MaruCTpPaJIbHbIX MIOTOKOB, C YUETOM UX CHELUPUKH.
NHTepnuBUHTOBBIE KaJphl OTOOpaXkaloTcsi Ha Kaapel (usmueckoro yposHs (T2-
KaJpbl) - OJUH B OJWH WJIU OJWH MHTEPIUBUHIOBBIN KaJap B HECKOJIbKO T2-KaapoB
(cm. pucyHok 1.9). OrtmeTrnM, YTO IUIIOC KO BCEM IEPEUYMCICHHBIM BHJIaM
MEPEMEKEHUS - Ha YPOBHE OUT B KOJOBBIX CJIOBaX, MOIYJSLIHUOHHBIX CHMBOJIOB,
BPEMEHHOI'O MHTEPBIIMBHUIA, - UCIOJIB3YETCS €€ M YaCTOTHBIM MHTEPJIUBUHT, T.€.

nepecraHoBKa noaHecymmx B npeaenax OFDM-cumBona.

3awmtHbl uHTepean 1/8

o

1 = Macka curnana
2 — 2K nopHecyiumx

~o 3 — 32K nogHecyLmx,
~a OBbINHBIA PEXMM
I =~
4
N
3

o

~| 4 -32K nogHecyumx,
~« PACLMPEHHbIA PEXMM
-

(=]

-
~

CnekTpansHas NnNOTHOCTb MOLWHOCTH, Ab
r
S

~ Y
30 ~=_ B
E—_
40 T ——
--""--‘- L
50
3,7 3,8 3,9 4 4,1 42

Yacrota (oTHOCHTENBHO ueHTpansHOM YacToTsl), My
Pucynok 1.10 - CnektpanibHast xapakrepuctuka curiaioB DVB-T2 npu paznuuaom
YHCJIC HOMHUHAJIBHBIX IOAHCCYIIUX U MaCKa CUIrHalia. IToxazano paciupeHuC

CIICKTpa CUrHaJIa IIpHu 32K HOMHHAaJIbHBIX IMOAHCCYHIUX B IMMPCACTIaX MAaCKH

B crangapre DVB-T2 n3Mmenenust KocHynuch u cTpykTypbl OFDM-cumMBOI0B.
VYBeNIn4eHO BO3MOKHOE YMCIIO HOMHHAJIBHBIX mojHecymux - nomuMo 8K (8x1024)
no6asiensl pexxuMbl 16K u 32K mognecymmx (a Taxxe 1K u 4K). Ilockonbky c
yBeJIMdeHueM  yuciaa noaHecymux a1 OFDM-curnanoB — cnekTpajibHas
XapaKTepUCTHKa CTAaHOBUTCS OoJiee KPyTOM, Kak Mmoka3aHo Ha pucyHke 1.10, MoxHO

pacliupuTh I/ICHOJ’IBSyCMBII\/'I YaCTOTHBIN Aualia3odH, HE BbIXOAA 3a TI'PaHUIbI
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pPa3pEeIICHHON CHEKTPaIbHOM Macku. JTO MO3BojiseT ucnoib3oBath B OFDM-
CUMBOJIE OOJbIIE MOJHECYIIMX IS MEpPEeAaur JaHHbIX. Takol peXuM TOMyCTHUMO
ucnoisibzoBaTh npu 8K, 16K u 32K noxnecymux. D¢ heKT oT pacImpeHHOro pexuma
cocrasisietT ot 1,4% (8K) no 2,1% (32K).

Uem Oouibllle HOMHUHAJIBHBIX MOJHECYIIMX, TEM JJIMTEIbHEE MOXKET OBITh
OFDM-cuMBoO. DTO, B CBOIO OU€pElb, MO3BOJSIET YMEHBIIUTD 3AIlIUTHBIA UHTEPBAI
no 1/128 (mpotus 1/32 8 DVB-T). Hcnonp3oBanne Takoro 3allUTHOTO WHTEpBaja
npu 32K HOMHUHAJIBHBIX TOJHECYIIHUX SKBHBAJECHTHO 3alIUTHOMY HHTepBany 1/32
npu 8K moanecymux. OgHako NpoONycKHas CHOCOOHOCTh IMPH 3TOM BO3PACTAET
BeECbMa CyliecTBeHHO. Bcero B DVB-T2 paspemeHo wuCnonb3oBarb CeMb
OTHOCHTEIbHBIX [JIMH 3alllUTHBIX uHTepBamoB - 1/128, 1/32, 1/16, 19/256, 1/8,
19/128 u 1/4.

B DVB-T2 Bo3MoxHO u 0Oosiee THOKOE paclpefeieHue MUIOTHBIX
nojHecynmx. Bmecto onHON (UKCHpOBaHHOM CXEeMbl pacIpeiesieHus MHIOTHBIX
gactor B DVB-T, B DVB-T2 npenycMOTpeHO BOCEMb PAa3JIMYHBIX CXEM HX
pacnpenenenus. BeiOop BapraHTa 3aBHCHT OT YMCJIa HOMUHAIBHBIX MOJAHECYIIUX U
pasMepa 3ammuTHOro uHTepBana. B pesynprare ecim B DVB-T pacnpenenennbie
NUJIOTHBIE TOAHECYIIHe cocTaBisiim 8% Bcex nomHecymux, To B DVB-T2 srtor
[I0Ka3aTelIb MOKET COCTaBIATh Takxke 1, 2 1 4%.

Eme oqHa npyHIMNMaaIbHO HOBAss BOBMOXXHOCTG - niepefaya B pesxxume MISO ¢
UCIIOJIb30BAHUEM CXEMbI AJIaMOYTH, T.€. PUEMHHUK OOpaldaThIBAE€T CUTHAT OT JBYX
MEepEeNAOIINX aHTeHH. BBOAATCS U JOMOJHUTENbHBIE YaCTOTHBIE MOJIOCH - 10 MI' n
1,712 MI't (mocneausis - 1j1s MOOMJIBHBIX CEPBUCOB).

B menom, Bce 5TH HOBOBBEICHHUSI TIO3BOJISIFOT CO3/1aTh OY€Hb THOKYIO M B TO K€
BpeMsl upe3BbIYaiiHO A(P(EKTUBHYIO CHUCTEMY TPAHCIALUU MYJIbTUMEIUNHBIX
noTokoB. [Ipm 3TOM MakcumaiabHas CKOPOCTh BXOJAHOTO TPAHCHOPTHOTO MOTOKA
nmocie mnpenoOpaboTku  (Hampumep, yHaleHUS HYJIEBbIX IMAKETOB) MOXKET
npeBocxoauTsh 50 Mourt/c.

B coyeraHuu ¢ HOBBIMM BUJAMU KOJUPOBAHHUS BHUACOCHTHANa (TAaKUMH Kak

MPEG-4) sta TexHOon0THs SBIsSETCSA CYIIECTBEHHBIM IIaroM Brepea. M 4to BaxkHO C
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TOYKH 3pEHUS CeTeH MMPOKOIOJIOCHO TO Aoctyna, ctanaapT DVB-T2 - 310 yxe He
«MPOCTO» CHCTEMA TPAHCIIOPTA MAKETOB IU(PPOBOTO BUICOKOHTEHTA. JTO - MOIIHBIN
MHCTPYMEHT MYJbTUMEAUMHOIO BEUIaHMs, B KOTOPBIM H3HAYAIBHO 3aJI0’KEHBI
OTPOMHBIE BO3MOXKHOCTH MO pacHIMpeHUI0 (QyHKIHMOHANbHOCTH. KoHeuHo, B cuiy
CBOEH OJIHOHANPABICHHOCTH OH HE MOXET pacCMaTpUBAThCS KaK KOHKYPEHT
TPAJIULUOHHBIM CETEBBIM TEXHOJOTHSIM, HO CBOE€ MECTO B HACTYHAIOUIYIO 3I0XY
TEXHOJIOTHI MIMPOKOMOJIOCHON OECHpOBOJHON CBSI3W 4eTBEpTOro mnokojeHus (4Q)

OH, 0€3yCJIOBHO, 3aliMET.

1.2 OcoOeHHOCTH TIPUMEHEHHUS OJHOYACTOTHBIX ceTed B IM(POBOM

TCICBUICHNUN

SFN (Single Frequency Network) — omHOYacTOTHas CeTh IMEPEIArOIINX
CTaHILIMM, B KOTOPOM BEIIaHHWE OCYIICCTBISECTCS Ha OJHOM 4YacToTHOM TB kaHare.
OnHOYacTOTHBIE CETU SBISIIOTCA HauOoJiee ONTUMAJIBHBIM CIOCOOOM OpraHu3alvu
a¢upHOro  MUEGPOBOrO0  TEJIECBU3UMOHHOIO  BELIAHUS  BCJIEACTBUE  SKOHOMHUHU
pPaauoOvYacTOTHOTO CHEKTpa. B OIHOYACTOTHBIX CETSIX BCE IMEpEeNarolIue CTaHIUU
nepearoT OJUHAKOBBIM CHUTHAJ Ha OJHOM 4YacTOTE€ B OJIHO M TO K€ BpPEMs, UTO
JOCTUTaeTCs 32 CYET TOYHON CHHXPOHU3AIMHU BCEX MEePEeIaTInKoB [3].

Ha nekoTopodl TeppuTOpuH MOTYT padOTaTh HECKOJBKO MEepeIaTYHKOB,
WCTIONB3YIONIMX OJIMH U TOT K€ YAaCTOTHBIM KaHaJl, MPU 3TOM a0COJIIOTHO HE Mellias
npyr apyry. 1 Hao60poT, B HEKOTOPOM 00JaCTH MOTYT pacmojiaraTbCsi MPUEMHHUKH,
KOTOpbIE OKa3bIBAIOTCS B 30HE IMpUEMa CUTHAJIOB OT JIBYX, Tpex u Ooiee
nepeaTIYMKoB, IPU ITOM PE3YIbTUPYIONIUN CUTHAT OT HUX MOKET OBITh YCIEIIHO
MPUHAT W JEKOAUPOBAaH. ITO BakHOe CBOMCTBO SFN nocTturaeTcs TOJBKO MpH
BBITIOJTHEHUN HEKOTOPBIX TEXHOJOTUUYECKUX YCIOBHUM, CyThb KOTOPBIX 3aKJIIOYAETCS B
o0ecrieYeHUH CUHXPOHHOTO BEIllaHUs TIEPEIaTUUKOB.

Jng  TOYHOW CHHXPOHM3AIMM BCEX NEPEJAaTYNKOB B JACHCTBYIOIIEM

MexayHapoaHoMm ctangapre DVB-T 2 npeagnaraercss HMCHoib30BaTh CHUTHAJIBI
18



TOYHOTO BpPEMEHHM U O3TAJOHHOM YaCTOTHI, IMOJy4aeMble OT TJI00aIbHOU
HAaBUIaLlMOHHOW CITyTHUKOBOM cucTeMbl, Takod kak GPS. Curnan, wmsiydaemblid
cnytHukaMu GPS, MoeT ObITh MOIy4eH MOYTH BCIOJY B MUPE U COAEPKUT OUEHb
TOYHYIO0 MH(POPMAIUIO BpeMEHH. TOUYHOCTH/CTa0OMIBHOCTh YaCTOTHI MPU 3TOM OyJeT
UMETh BeJIMYMHY nopsiaka = 0,5 ',

VYupoleHHas CTPYKTypa OJJHOYaCTOTHOM CeTH MoKa3aHa Ha pucynke 1.11 [2].
GPS

Sync

Sync e

c2s ‘ ces
i - i GPS
= <
T2 Modulator £\

Encoders GSE T2 Cateway T2-MI £ é

ok (ASl or IP)
T2 Modulator

MPEG-2TS

Pucynox 1.11 - Ctpykrypa ognodactotHoit cetu DVB-T2

OcHoBHBIMH ceTeBbIMH dJjieMeHTaMd DVB-T2 ogHOYacTOTHOI CeTH SIBIISTFOTCS
nuiro3 - Moxysatopel. Imro3 T2  choyXWT ISl WHKANCYJSIUU  BXOJSILIETO
TpaHncrioptHoro notoka MPEG-2 B kaapel ocHOBHOM mosiockl yactor (BB —
BaseBand), BBoma mndopmanuu o cuHXxpoHu3anuu s nepenadn no cetu SFEN,
yIpaBJIeHUs] KOHPUTYpAIUEH MOTYJIATOPOB, IJIAHUPOBAHUS Tepeayn B pexume M-
PLP, a raxxe pactipenenenus TFS.

Monynstopel T2 nonydator KOHUTypamuio oOT 1uiro3a T2, BBITOJHSAIOT
KOAMPOBAHHME KAHAJIOB, 100aBJIsisi HH(POPMALMIO JIJIsl IPSIMOTO MCIIPaBIEHUS OMIMOOK,
dbopmupyroT kagapel T2 U MOAYJIUPYIOT CUTHAJ Mepes ero nepenadeit B aup. Jis
nepenaun curtana DVB-T2 wmoxHO wucnosb3oBath ycuiautenas DVB-T mnocre
OOHOBJIEHUS €r0 MOAYJIsAITOpa Uil paboThl B peskume DVB-T2.

B cranmapre DVB-T2 omnpezenen HOBbIN NpOTOKONIBbHBIA uHTEpdeiic T2-MlI
(uaTepdeiic momymaropa T2) s B3auUMOJEHCTBUS MEXKIYy UHUTFO30M 12 U
moxayiaropamu. Ilaketer T2-MI conmepxkaT naHHble, WHKaINCyJIupoBaHHblE B BB-

KaJIpbl, MPEAOCTABIAIOT MHGOPMAIINIO O CHHXPOHHU3AIIUHU TIpHU Tiepenaye mo cetu SFN
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Y BKJIIOYAIOT BCIO CUTHAJIBHYIO HH(popMarmio 1 nepeaaun. Bee pynkiun PLP, TFS

u SFN miaHnupyroTcst OT nuio3a T2 U ONUCHIBAIOTCA B ONMpPEACIICHHBIX makeTrax 12-

MI.

o™ s

Bce nepegatumnkm
AROMxHLI ObITL
CMHXPOHW3NPOBAHbLI HA

OAHON HacToTe, UTo < Y\‘/‘\L
ofecneunsaerca C(\‘}
CUTHANOM CNYTHUKOBOM 095
HaBUTaALMOHHO

cucremsl GPS
Ha TeppuTopum MoryT

paboTaTk HECKOLKO /
nepeaarumkos i
NCNONb3YIOWMUX OAVH

UACTOTHLIA KaHan, npu

3TOM HE MEeWaKT Apyr

CUrHan, nanyuaemoiin
cnyTHUKamu GPS,
MoxeT ObiTh NoNnyyeH
NouTH BCIOAY B MUPE U
COAEPXUT OUEHb
TOoUHY0 nHopMauunio

Apyry \ BpemeHun
> .
- ®
\ ) o’ (0)
\J
ss iyt w2
"\ 2

Ans oaHOUACTOTHON Multiple Input - Single
et BelaHnsa Output — mHoro
rNaBHbIM BXOAOB, OAWH BbIXOA.
AOCTOMHCTEOM 1'7, JlaHHble 04HOIt 1 TORN
undpoBor MoAYNALMK N\~ e Nporpammel
COFDM naBnaeTca / pacnpeaensTca no
ycnewHan 6opsba ¢ MHOXECTBY Hecylmx
3IXoCurHanammn PazpensHblid npuem uacror

CMrHanoBs ot ABYX

nepeaaTunKos.

ysenuuusaer

PacCTOAHMA MexXay

‘ COCEAHUMM
- nepegaTunkammn
B CeTH

Pucynok 1.12 — IIpenmyiiiecTBa UCMOIb30BaHUS OJJTHOYACTOTHBIX CETEH

Kaxnpnii nepenatunk SFN 1okeH nepeaaTh TOT ke camblii TPAHCHOPTHBII
noTok (TS — 1udpoBoi MOTOK AaHHBIX, COAEPIKALIUNA TPOTPAMMbI) U U3y4aTh €ro

CUHXPOHHO C JpYrMMHU IepelaTdyukamMu. BHYTpU TpaHCIOPTHOrO MOTOKa (Mpu
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reHepalui B  MYJIBTUIUIEKCOpE) MHUGPOBONM TMOTOK JAHHBIX PA3JesioT Ha
«MEracTPyKTypbl», U B HUX J00aBistoTcs nanHbie MIP (maker wmHunmanuzanuu
MEracTpyKTypbl) I TOTO, YTOOBl CHHXPOHU3HPOBATH W3IIYYCHHE KaXKIOIO
nepenatyuka B cetd. CUHXpOHU3AIUS TOCTUTaeTCsa Ojlarofapsi CUTHalIy 4acToTou 1
I'm (1 pps — 1 ummynsc B cekyHny), npuHuMmaemoro npuemHukamu GPS, dgto
MO3BOJIAET M3JIy4aTh CUTHAJIBI BCEX MEPEAATYMKOB CUHXPOHHO HAa OJHOW YacTOTE U
UMETh OJIMHAKOBBIC OWTHI TAHHBIX.

Jlns oAHOYACTOTHOM CETH BEIlaHWs TJIABHBIM JIOCTOMHCTBOM LHU(PPOBOM
moayisiuun COFDM sBnsiercst yenenHas 00pb0a ¢ 3XOCUTHalIaMu, KOTOPbIE MOTYT
BO3HUKATh H3-3a OTPAXEHUU OT OKPYXKAIMMX MPEeIMETOB WM IMpU padoTe
HECKOJIbKMX TE€PEJaTYMKOB HAa OJHOM M TOM XK€ pPaJAMO4YacCTOTHOM KaHaie. Psn
IPYTUX MPEUMYIIECTB MPU HUCIOJb30BAHUUA OJHOYACTOTHOM CETH TEJIIEBU3MOHHOIO

BEIIIaHUs TMOKa3aH Ha pucyHke 1.12 [3].

1.3 CocTaB 1 CTPYyKTypa CEpBUCHBIX TAOIUI] TPAHCIIOPTHOTO MOTOKA

JIro6oit TpancnoptHbIii motok DVB comepxut B cebe ciy:xeOHbIE CBeICHUS
(cepBuCHYIO HHPOPMAIIMIO) CTPYKTYPUPOBAHHYIO B BUJIE CHCIHAIBHBIX Ta0iMIl. JTa
uHpopmanus npeacrasiena B [OCT P 55697-2013 [4].

I'OCT P 55697 pacnpocTtpaHsercs Ha JaHHBIE CEpPBUCHON uH)OpMmaIuwy,
BXOJSIIME B COCTaB TPAHCIIOPTHBIX MOTOKOB cucteM DVB mepBoro m BTOpOro
MIOKOJICHUS], OH YCTaHABJIMBACT:

— METOJIbI TIepejavur CEPBUCHON MH(OPMAITUH;
— CTPYKTYPBI, HCTIOB3yeMBbIe JIJIS TIepeadn CEpBUCHOM HHOpMaIINH;
— CHHTAaKCHUC CTPYKTYp TMepeadn CEPBUCHON HHPOPMAITUH.

B cootBercTBuM ¢ [4] B cOcTaBe TPAHCIOPTHBIX MOTOKOB CHUCTEM IU(POBOTO

TB Bemanuss DVB pasnuuHOro Ha3Ha4YeHUs JOJDKHBI IME€PENaBaThCsA JIaHHBIC

cepBUCHOM (ciykeOHOM) uH(opmaruu S, omuchIBarOlIMe CUCTEMY JOCTaBKH,
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COJlepKaHUE W PpACIHCAHME BEIIAEMbIX IMOTOKOB JAHHBIX B MYJIBTHILIEKCAX,
JOCTYITHBIX MTOJIb30BATENI0 B MECTE ITPUEMA.

B cocraB cepBucHoil nHpopmanuu SI 10mKHA BXOOUTH TpyIia CIIyKEOHBIX
JAHHBIX NPOrPaMMHO-3aBUCUMON HH(popMauuu B Bujae 6 tabimun PSI, xoTopsie
HEOOXOIUMBI IS IEMYJIbTUILIEKCUPOBAHUSI TPAHCIIOPTHBIX MOTOKOB U YCIIEIIHOTO
BOCCTaHOBJICHHSI IPOTPAMM B MPEJIEax OJHOTO MYJIbTHUILIEKCA:

1. Tabnuua B3anMocBsa3u nporpamm PAT;

2. Tabnuua cTpykTypsl nporpammbl PMT;

3. Tabmuua ycnoBaoro noctyna CAT;

4. Tabnauna onucanus TpaHcnopTHoro notoka TSDT;

5. Tabnuna cereBoit undopmaruu NIT;

6. Tabmuua ynpasistonieit uHgopmanyu [PMP.

Jannsle cepBucHOM uHpopManuu Sl [OIKHBL  coaepXkKaTb — TaKXKe
JOTIOJIHUTENbHYIO  CIIy’)KeOHyr0 ~ MH(poOpmanuio,  KOTopas  IpeloCTaBIIsET
MI0JIb30BATENSIM BO3MOKHOCTD MOJIYYEHUS OMMCAHUA YCIYT (Cayk0) U MpOrpaMMHBIX
AJIEMEHTOB (COOBITHI), IEpeJaBaEMbIX B Pa3JIMYHBIX MYJIbTUILIEKCAX PA3HbIX CETEH.
JlonosiHuTENbHBIC TaHHBIE S| TOKHBI OBITH OPTaHU30BaHbI B 9 TaOJIHII;

1. Tabnuita B3aMMOCBSA3U POrpaMMHBIX TTakeToB BAT;

2. Tabnuma onucanus ycuyru SDT;

3. Tabnuua nuagopManuu o nporpaMMHbIX 3neMenTax ElT;

4. Tabnuna Bpemenu u natel TDT;

5. Tabmuua casura no Bpemenu TOT;

6. Tabnuua tekymero craryca RST;

7. Tabnuira 6aiToB coriacoBaHus ckopocret ST;

8. Tabiuna HeogHoposHOCTH HpopMaruu DIT;

9. Tabnuia Beioupaemoii nadopmaruu SIT.

[Iporpammuo-3aBucumas  undopmarus PSI  Moxer coaepx aTh  Kak
HOPMATHUBHYIO MH(GOpPMAIMIO, TaK U KOHPUACHIMAIbHYIO HH(POpPMALIHMIO, KOTOpas
ITO3BOJISIET BBINOIHATH B JEKOAEPAX NEMYJIbTUIUIEKCUpOBaHUE rporpamm. OIMH WK

HECKOJIBKO 3JIEMEHTApHBIX TMOTOKOB, OOpa3yloUuX Mporpammy, AOJKHBI OBITh
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uaeHtuduuuposansl ceouM PID. Jlng peanuzanuu ycIOBHOTO AOCTYIAa MPOTPAMMBIL,
AJIEMEHTapHbIE TIOTOKM HJIM WX YacTH MOTYT OBITh  CKpPEeMOJIMpPOBAHBI
(3ammdpoBansl).  IIporpammuo-3aBucumas  uHpopmauus PSI  He  nmomkHa
noJBepraThes CkpemOrpoBanuto (mmppoBanuio) [4].

B TpaHcnopTHBIX MOTOKaxX MporpaMMHO-3aBucuMast nHpopmamus PSI nomkna
ObITh OpPraHHW30BaHA B ILIECTh TAOIMYHBIX CTPYKTYp, COJEpKalIMX HH(OpMALHUIO,
HEOOXOUMYIO JJiIi aBTOMAaTHYECKOro KOH(UTypupOBaHHs NPUEMHHKA, KOTOPBIN
pasfenser U ACKOIUPYET pa3iNyYHble MPOrpaMMHbIE NOTOKH, BXOSIINE B COCTAB
MYJIBTUIUIEKCA. XOTS 3TU CTPYKTYpPbl MOTYT CUHUTATHCS MPOCTHIMU TaOIWIIaMU, OHU
JOJOKHBI OBITH pa3feNieHbl Ha OJHY WJIM HECKOJBKO CEKIMH M BBEICHBI B ITAKETHI
TPAHCIIOPTHOTO MOTOKA, HEKOTOPBIE C 3apaHee onpeeneHHbIMU 3HaueHussMu PID, a
npyrue ¢ temMu 3HadeHusmu PID, koropelie BbiOMpaeT mnoiab3oBarenb. Hazpanue
TabIUL MporpaMmHo-3aBUcUMOl uH(opmauuu PSI, 3ape3epBupoBaHHBIE 32 HUMHU

HOMCpa I/II[GHTI/I(l)I/IKaTOPOB PID, a TaKoKC Ha3HA4YCHHC Ta6J'II/IH IIPpUBCACHLI B Ta6JII/IHe

1.3 [4].

Tabmuma 1.3 - Ha3panwe Tabmuir u 3ape3epBUPOBAHHBIC 3a HUMH HOMeEpa

uaeHTudukaropos PID

Ha3zpanue tabmuiis! 3apesepBupoBaHHbIil | HazHaueHue Tabmuiibl
Homep PID
Tabmuua B3aumocsszu | 0X00 Cas3biBaeT HOMep nporpammbl 1 PID TaGnuiisr
nporpamM (PAT) CTPYKTYpHbI iporpaMMsl PMT
Tabmuua  crpyktypsl | [IpucBoen B PAT Copnepxut 3HaueHus PID 1 KOMIOHEHTOB OJHOM
nporpammel (PMT) WJIM HECKOJIBKHMX MPOrpamMm
Tabmuma  ycmosHoro | 0x01 [TprucBamBaeT 0THOMY HJTH KaXKIOMY U3 HECKOJIBKUX
noctyna (CAT) (yactHbIX) notokoB EMM yHukansHoe 3Hauenue PID
Tabmuma  omucanus | 0X02 CBs3bIBaeT OAMH UM HECKOJIBKO JIECKPUIITOPOB CO
TPAHCIIOPTHOTO BCEM TPaHCIOPTHBIM TOTOKOM
notoka (TSDT)
Tabmuna cereBoil | [IpucBoen B PAT SBnsierca nononHuTenbHON. CoNepKUT CBEACHUS O
uHpopmanuu (NIT) bu3nYecKuX napamerpax JOCTYIMHBIX ceTel (4acTOThI
KaHaJIOB, HOMEpA CIIyTHUKOBBIX TPAHCIIOH/IEPOB,
XapaKTePUCTUKU MOJYJSILUU U T.II.) U CBEIACHUS O
MYJIbTUIUIEKCAX, IEPEJABAEMBIX B 3THX CETAX
Tabnuma 0x03 Conepxut crincok nHCTpyMeHTOB IPMP, xoHTeliHED
YIPaBIAOLIEN IIpaB, KOHTEHHEP HHCTPYMEHTOB, ONPECIECHHBIE B
uHpopmanuu [PMP crangapre MPEG-2
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3nauenus uaeHtudukaropa nakera PID, xoTopble AOMKHBI UCHOIB30BATHCS
JUISl OTIO3HABAHUS MMAKETOB TPAHCIIOPTHOTO MOTOKA, MEPEHOCAIINX CEKLIUA CEPBUCHOMN

uHdopmanuu SI, npuseaeHsl B Tadmuie 1.4 [4].

Tabmuna 1.4 - 3nauenus uaeHTudukaropa nakera PID, xoTopbie AOJKHBI

HCIIOJIB30BATHCA IJIA OIIO3HABAHUA ITAKCTOB TPAHCIIOPTHOT'O ITIOTOKA

Tabnuna 3nauenue uaeHtudukaropa PID
PAT 0x0000

CAT 0x0001

TSDT 0x0002
3ape3epBUPOBAHO 0x0003-0x000F
NIT, ST 0x0010

SDT, BAT, ST 0x0011

EIT, ST, CIT 0x0012

RST, ST 0x0013

TDT, TOT, ST 0x0014
CUHXpOHH3AIHS CETU 0x0015

RNT 0x0016
3ape3epBUPOBAHO HA Oyaylee 0x0017-0x001B
BHyTpunonocHasi curHanuzanus 0x001C
N3mepenus 0x001D

DIT O0x001E

SIT 0x001F

KpaTko paccMOTpuM Ha3HaueHUE CIIy>KEOHBIX TaOIHI] TPAHCIIOPTHOTO TOTOKA.

1. Tabnuna B3aumocBsizu nporpamm PAT nomkHa onpenensiTb COOTBETCTBUE
MEXIy MeTKOW program number u 3HaueHuem PID 1is makeToB TpaHCIOPTHOIO
noroka. MeTka program_number - 3TO YHCJIOBasi METKA, CBS3aHHAasl C MPOrPaMMOM.
Jns  kaxaol ciyxObl B MmynbTuIuiekce Tabmuma PAT gomkHa ykaswiBaTh
MECTOHaxoOXeHue cooTBeTcTBytomel Tabmuuel PMT (3Hauenus PID maketos
TpaHCHOPTHOro noToKa). OHa TakXke JOJDKHA YKa3blBaTh MECTOHAXO0XKICHHE
Tabnuibl ceteBoi nHGopmaru NIT.

2. Tabmuua ctpykTypsl mporpamMmbl PMT oGecneunBaer cCBSI3b MeEXIy
HOMEpaMH TMPOrPaMM M COCTaBHBIMM DJJIEMEHTAMH IPOrPAMMBI IPU MOMOIIH

uaeHTuukaropos nporpamm PID. Tabnuua ctpykrypsl nporpammsl PMT nomkHa
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UACHTU(PUIIUPOBATh M YKa3bIBAaTh MECTOIOJIOKEHHUE MOTOKOB, KOTOPHIE COCTABISIOT
KOKIYIO CITy’KOy U MECTOIOJIOKEHHUE MOJIEH 3TaJJOHHBIX METOK BPEMEHH IIPOrPaMMBI
KOHKPETHOM CITyKOBbI.

3. Tabnuua ycnoBHoro goctyna CAT nomkHa OMUCHIBATH CBSI3b MEXKIY OJHOU
WIM HECKOJBKMMH CHCTEMAaMH YCIIOBHOTO  JOCTyNa, HCIOJIb3YyEMBbIMH B
MyJIbTUIUIEKCE, X MOTOKM EMM 1 1100bie KOHKPETHBIE MapaMeTphl, CBSI3aHHBIE C
Humu. Uupopmanus tadauusl CAT - konpuaeHmanpHas (B JaHHOM CTaHAAapTe OHA
HE MOXKET OBITh ONpe/eNieHa) U 3aBUCAIAs OT KOHKPETHOM MCIOIb3yEMON CUCTEMBI
YCJIOBHOT'O JIOCTYIIA, HO OHA JOJDKHA COJEPXKAaThb MECTOMOJIOKEeHUE nmotoka EMM,
KOTJIa TAKOBOM CYIIIECTBYET.

4. Tabmuma omnucaHus  TpaHcnopTHoro mnotroka TSDT  sBusercs
JOMOJHUTENbHOU. Eciii OHa MpUCYTCTBYET, TO ONHUCAHHE TPAHCIOPTHOTO MOTOKA
JOJKHO TEePEeIaBaThCs B MAKETAaX TPAHCIIOPTHOTO MOTOKA, KOTOPbIE UMEIOT 3HAUCHHE
PID=0x0002, 1 10J5KHO IPUMEHSATHCS KO BCEMY TPAHCIIOPTHOMY MOTOKY LIETUKOM.

5. Tabmuuma cereBoid mH@opmanmu NIT nomkHa OoTpakarb HHPOPMALHIO,
OTHOCAIYIOCS K (PU3MUECKOW OpraHu3alii MYJIbTUIIJIEKCOB W TPAHCHOPTHBIX
MIOTOKOB, TMEPEIABAEMbIX IO JAHHOW CETH, a TaKXE XapaKTEPUCTHUKU CETH.
KomOunanus  uneHtudukatopoB  ucxomaHod cetu  original network id wm
TPAHCTIOPTHOTO MOTOKA transport stream 1d MOJDKHBI TO3BOJSATH UACHTUPHUITUPOBATD
KKl TpaHCIOPTHBIA MOTOK €IMHCTBEHHBIM o00pa3oMm. Tak Kak ceTeBbie
uaeHTuukaropsl network id ciy>xaT yHUKaNIbHBIMUA KOJIaMU OMTO3HABAHUS CETEH, TO
3a CETSIMM JIOJKHBI ObITh 3aKPETUICHbl MX WHJMBU1yaIbHbIE 3HAUCHHUS.

6. Tabmuua ympapistomeid uHdopmanuu [PMP nomkHa npucyTCTBOBAaTH B
TPAHCIIOPTHOM MOTOKE, €CJIM KaKOH-TMOO M3 KOMIIOHEHTOB TPAaHCIOPTHOTO MOTOKA
ucnoibp3yer Mmexanusm [PMP.

7. Tabnuiia B3aMMOCBsI3M TporpaMMHBIX TaketoB BAT nomkna comepkarth
nH(pOpMaIMio, OTHOCSIIYIOCS K rpynmam ciayx0. [lox rpynmoii ciyx0 moHuMaeTcs
COBOKYMHOCTb CITY>K0, 3JIEMEHTBI KOTOPBIX MOTYT IIEPEIaBaThCs B PA3JIMYHbBIX CETSIX.

8. Tabmuna ommcanus ycnyru SDT nmomkHa copepkaTh NEepedeHb Ha3BaHUU

CITY>KO0, TpOBalIEpOB YCIYT U IPyTHE MapaMeTpPhl, CBSI3aHHBIE ¢ KaXJI0U CIy>XO0i B
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mynpTuruiekce crangapra MPEG-2. Jlanable ciy’kObl MOTYT OBITh 4YacCThIO
TPAHCIIOPTHOT'O MTOTOKA, B KOTOPOM niepenaercsa tadnuna SDT, win BXOAUTh B COCTAB
OPYTUX TPAHCIOPTHBIX TMOTOKOB, YTO ONPEAEIAECTCS IOCPEACTBOM 3HAYCHHUS
uaeHtudukaTopa Tabnuusl table id.

9. Tabmuuna wuHpopmamuu o mnporpaMMHoM sjeMeHte EIT momwkna
OPEAOCTABIATh B XPOHOJIOTMYECKOM  TMOPSANKE  CBEIACHUSA,  OMNHUCHIBAOIINE
MIPOTpaMMHBIE AIEMEHTHI (COOBITHS), COAEpIKauecs B Kaxaon ycinyre. adnuima EIT,
coziepkaiiasi UHPOPMaIUIO O TEKYIIEM U MOCIAEAYIOMIEM MPOTPAMMHBIX 3JIEMEHTaX,
JOJKHA BKJIIOYATh B €€0sl TOJBKO JAHHBIE O TEKYIIEM COOBITUM U CIEAYIOLIEM 32
HUM COOBITUH, KOTOPBIE MEPEAAIOTCS PACCMATPUBAEMOU CIIyO0W B COCTABE TAHHOIO
WIA JIPYroro TPaHCIOPTHOTO MOTOKA, 33 MCKIIOUEHUEM CiIydasl CIIy>KObl '"mouTu
Bujieo o 3ampocy” (NVOD). B aTom cinydae MOXeT nepenaBaThcs MHMOpMAIUsS O
O0onee yem JBYyX cOObITHSAX. TaOnmuipl pacrnucaHusi COOBITUH, OTHOCSILUECS K
JAHHOMY WA JpyroMy TpPaHCIOPTHOMY IOTOKY, JOJDKHBI COJEpXkaThb CIIHCOK
COOBITUM B BUJE PACIUCAHUS, KOTOPOE BKIIOYAET B ce0s COOBITHSA 32 BPEMEHHBIMU
rpaHuniaMu cienyromero coowitus. Tabmunel EIT He sBIsroTcs 00s3aTeIbHBIMU.
JlanHble, Kacaroluecss MPOrpaMMHBIX 3JEMEHTOB, JOJDKHBI IPENOCTaBIATHCA B
XPOHOJIOTHYECKOM IOPSIIKE.

10. Tabmuma Bpemern u aatel TDT nmomkHa MCHONB30BATHCS IS TIEpEaadH
nH(pOpManMu TOYHOTO BpPEMEHH, BKJIOYas Tekyiee Bpems u nary. lannsie TDT
JOJDKHBI TepefiaBaThCsl B OTHEJIbHOM Ta0iMile W3-3a 4acTOro OOHOBJIEHMS 3TOM
uHpopmanuu. Tabnuia BpeMEeHM W JaThl JOJDKHA COJEPKaThb HHGOOpPMALUIO O
TEKylIeM BpPEMEHU U Jare ToibKo B ¢dopmare BceMupHOro koopAMHUPOBAHHOIO
BPEMEHU.

11. Tabnuua casura no Bpemenn TOT comepxut uHpoOpMalni0 O BpEMEHH B
dopmaTe BcemMupHOro KOOPAMHMPOBAHHOTO BPEMEHM U JaTe, a TaKXKe 3HaueHUe
caBura (CMEIeHHs ) MECTHOTO BPEMEHU OT BCEMHUPHOTO.

12. Tabnuua Ttekymiero cratyca RST nomkna obecneynmBaTh TOYHOE H
CBOEBPEMEHHOE OOHOBJICHHE CTaTyca OJHOTO WJIM HECKOJbKUX MPOTrPAMMHBIX

AJIEMEHTOB, YTO MOKET ObITh HEOOXOJMMO B Cly4yae, €Clid MPOrpaMMHBIA 3JIEMEHT
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HAYMHAETCS pAaHbIIE WIH MO3PKE H3-3a MU3MEHEHUs pacnucanus. lcnonb3oBaHue
JTAHHBIX TAOJIUI JOJKHO 00ECIIEYNBATh MEXAHU3M OBICTPOTO OOHOBJICHUS TAHHBIX.

13. Tabnuna OaiiToB coriacoBaHusi ckopocTu ST MOJKHA MCIOJIB30BAThCS C
LIENIbI0 OTMEHBI ACHUCTBUS CYIIECTBYIOMINX CEKIUNA HA TPAHUYHBIX IYHKTaX CHUCTEMBI
JIOCTaBKHU, HAITPUMEP Ha FOJIOBHOM CTAHIIMM KaOEIbHOU CETH.

14. Tabmuua "HeomHopoaHoct uHopMamuu DIT nomkHa HCMOIB30BaTHCS
TOJBKO B YACTUYHBIX TPAHCIIOPTHBIX MOTOKaX. He nomyckaeTcs nepenaBaTh TabIUIly
DIT B moJIHBIX CTaHAAPTHBIX TPaHCHOPTHBIX MoTokax MPEG-2, npenHa3zHaueHHBIX
st Beranust. Tabmuy DIT cineayer BBOJUTD B MEPEXOIHBIX TOUKAX TPAHCIIOPTHOIO
MOTOKA, KOT/a cepBUcHasi nHpopManus SI MOXXET UMETh BPEMEHHBIC Pa3pbIBbl WU
VHbIE HEOJTHOPOIHOCTH.

15. Tabmuua BbiOupaemod uHpopmaruu SIT  nmomkHa  coaepKath
uH(GOPMAIINIO, OTIMCHIBAIOIIYIO YCIYTH U MPOTPAMMHBIE 3JIEMEHTHI, IEPEHOCUMBIE B
YaCTUYHBIX TPAHCIIOPTHBIX MOTOKAX, KOTOPBIE MOTYT OBITh «IPEPHIBAIOLUTUMUC),
T.. COJIep’KaTh BpeMEeHHbIe pa3pbiBbl. Tabmmia SIT pomxHa BkIOYaTh B CeOst
UTOTOBYIO MOJ0OPKY BCEH CEpBUCHON MHGOpPMAIMK BEIIATEILHOTO TPAHCIOPTHOTO
notoka. He pomyckaercs nepepaBaTh Tabmuny SIT B NHOJHBIX CTaHAAPTHBIX
TpaHCIIOPTHBIX ToTokax MPEG-2, npeanasHaueHHBIX 11 Bemanus. Eciu Tabnuia
SIT npucyTCTBYET B OTOKE JAHHBIX, ITOT MOTOK JIOJDKEH MUICHTUDHUIIMPOBATHCS KaK
YaCTUYHBIN TPAHCTIOPTHBIN MOTOK, MOJYYEHHBIN OT nudpoBoro uHTepdeiica. B atom
clyyae [MPUEMHHUK-IEKOJEp HE JOJDKEH [MPOU3BOJWTH IOHWCK CEPBHUCHOU
nH(pOpMaIuu, CBS3aHHOW C BEIIAHUEM, W JOJDKEH ONMUPAThCS HCKIIOUUTENIBHO Ha
uH(popmaluio, nepeHocumyto B Tadmune SIT.

Takum oOpa3oM, B COOTBETCTBUU C [5], MUHUMAJILHO HEOOXOAMMBIA O0BEM
JAHHBIX IS JAEKOJMPOBAHUSI TPAHCHOPTHOTO MOTOKA MEPEAACTCS B €r0 COCTaBE B
Buje 3 TabJIUIl MPOTPaMMHO-3aBIUCUMON HHGOpMaru (MHPOpPMAIIUK O TPOTPaMMaXx )
PSI: PAT, CAT, PMT.

B nononnenue k Tabnuiiam PSI, B TpaHCHOPTHOM MOTOKE TNEpeaaroTcs
oOs3aTenpHBIe TabmuIel nHOopMmaruu o cioyxkbax SI: NIT, SDT, EIT, TDT, a Takxe

HeoOs3aTenbHbIe Tabauibl nHPopmaruu o ciyxoax: BAT, TOT, RST.
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Ha pucynke 1.13 noka3ana noinas coBokynHocTb Tabmuiy PSI, ST [5].

PSI [3] S| obr3arensuuie [13) Sl no exbopy [13]
PID 0x0000 PID 0x0010 PID 0x0010
|
|
NIT | NIT
PAT ABHHOD NOTOKA : APYTUX NOTOKOB
|
|
PID 0x0001 ; PID 0x0011
|
|
CAT : BAT
|
|
3
PID 0x0011 : PID 0x0011
| I
SDT ! SDT
PMT s g APYTWX NOTOKOR
|
' %
PID 0x0012 : PID 0x0012 PID Ox0012
————— 1
o |
' EIT
NIT | EIT | EIT
|
l AAHHOMO NoToKAa ' OaMHOro NOTOXA APy ITONOS
L _____ JI (rexywee/cneaywowes)| : (nnanmpyemos) (re ,mel el m“““;‘”'
|
% .
10 &N014 : PID 0x0013
!
TDT : RST
|
i
i PID 0x0014
|
i
: TOT
|
l PID or 0x0010 go 0x0014
ST

Pucynox 1.13 — [Tonnras coBokymHOocTh Tabsmir PSI, SI
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2 CocraB 000py0BaHUs aNmapaTHO-MPOTPAMMHOTO J1a00pPaTOPHOTO
KOMIUIEKCA TIO0 HCCJICJIOBAHHIO IMapaMETPOB CHUTHAJIOB IH(PPOBOTO

TeJepaaroBelanus no Texuojaoruun DVB-T/T2

2.1 Usmepurensubiii npuemank DVB-T/T2 ReFeree 11 551131

DVB-T/T2/C/C2 w3meputensubiii mpueMHuk ReFeree II 551131 xommnanun
Enensys 11o3BoJIsieT MPOBOAUTh KOMIUIEKCHBIM aHAJIM3 CUTHAJIOB B cTaHgaprax DVB-
T/T2 u DVB-C/C2. Buemnuii Buj mnepeaHell W 3ajJHeld TaHENWM W Ha3HA4YCHHE

AJIEMEHTOB HA HEW MPEACTABIEHbI HA pUCYHKE 2.1 [7].

STATUS
usB LEDS GPS
use2, ° STATUS s
- @ o ® e @
D3R DO TISTSYSTEMS
10MHz 1PPS ASI v Ethernet
I~

ASI out 1PPS |Ethernet
RF in 10MHz ASIl in

Pucynok 2.1 - BHemnuit Bua nepenneit u 3aaueit nanenu DVB-T/T2/C/C2

u3MepurenbHoro npueMuuka ReFeree 11

OCHOBHBIC TEXHHUYECKUE XaAPAKTEPUCTUKU MPUEMHHUKA MPUBEIACHBI B TAOJHIIC

2.1[7].
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Tabnuma 2.1 - OcHOBHBIE TEXHHUYECKHE XapAaKTEPUCTHKU H3MEPUTEIHHOTO

npuemunka DVB-T/T2/C/C2 ReFeree II.

MonuTopuHT
kadyectBa RF curnana

- Signal Level, SNR, MER, SFN Drift, Channel Impulse
Response, Error rates;

- Error rates: LDPC u BCH; Viterbi u RS;

- Signalling: L1; TPS.

Beicokags TOYHOCTH
RF m3mepenun

- Signal Level: ot -851bMm 10 -5 nbwm (¢ morpemHocTsio, HE
oosee 11bm);

- SNR: 10 40ab (c morpemniHocThio, HE OoJiee 1ab);

- MER: 5o 4015 (¢ norpemiHocTsio, He Oosee 11b);

- Channel Impulse Response: O0Hapyx’eHUE 3X0-CUTHAJIOB
ot -501b ¢ 3agepxkkoit 10 233MKC (C MOTPEIIHOCTHIO, HE
6onee: 11b u 1mkc).

N3mepenue SFN

Drift

- 3anateHToBaHHas TexHoyorus mdmepenus SFN Drift Ha
RF yposHe;
- Hetr HeoOxoaumocTH B 10MIOJIHUTENEHOM O510ke T2MI.

Anamnz DVB-T/T2 u
DVB-C/C2 noTtokoB

- DVB-T/T2 u DVB-C/C2 nmapametrpsl moaynsinuu (TPS,
L1 Signalling);

- Baseband T2-MI unun MPEG2-TS ananu3 (stream format,
SFN synchronization, ...).

3axBar/Ananus/
Bocnpoussenenue
KOHTEHTA

- 3aruchy T2-MI wiiu MPEG2-TS notokoB (uepe3 ASI, IP
ui RF untepdetico);

- Anaiiu3z MPEG2-TS konrtenra (table parsing, ETR 290
pr.1,2&3, bitrate,...);

- OtobOpakeHne BHUICO/ayAMO KOHTEHTA COJACPKUMOTO
PLP.

Co3manue oT4eTOB &
TECTUPOBAHUE  30H
MTOKPBITHS

- IlpuBsizka wu3mepsembix mnapamerpoB kK GPS/Glonass
JTAaHHBIM;

- Coxpanenue otuetoB B popmate Google Ready (*.kml) u
B TaOJIMYHOM BUJIE (*.CSV).

2.2 Cneunanu3upoBaHHOE UHCTpyMEHTalbHOE cpeacTBO komnanuu ENENSY'S

DiviSuite

PagMOYACTOTHBIX CUTHAJIOB JI0 BHICOCHTHAJIOB IIU(POBOTO TEICBUICHHS

IIporpammuoe

dHaJIu3a MW MOHHTOPHHI'A PAAHMOYdCTOTHBIX

obOecrieuenue  DiviSuite  npenocrtaBisieT

CHMT'HAaJIOB H BHACOCHI'HAJIOB

1.3 nnga a”anu3a mnDapaMeTpoOB CHUTHAJIOB B JIMANa30HE OT

BO3MOXHOCTB

u

nognepxuBaer cranpaptel MPEG2-TS, DVB, ATSC wu ISDB. Kpome Toro,
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nporpaMMHoe obecreuenne DiviSuite Takke mnonagepkuBaeT cOOp JaHHBIX B
peXKUME peaTbHOTO BPEMEHH, aHaIu3 JaHHBIX B pexxume offline m mekomupoBaHme
BUJICOCUTHAJIOB.

JUis mpUHATHS aHATM3MPYEMOTo CHUTHajda mpuioxkeHue DiviSuite momxHO
opiTh moakitoueHo k USB-amantepy komnanun ENENSYS. B 3aBucumoctu ot
ATOr0 YCTPOWCTBA MOJACPKUBAIOTCS pas3iinyHble MHTEpdENChl U cTaHaapThl [8]:

— wunrepdeiic RF, ASI, IP, File;
— craanaptel DVB-T2, DVB-T, DVB-C, DTMB, ATSC, ISDB.

[Iporpammuoe obecneuenue DiviSuite cocTouT u3 06a30BOr0 MPHIIOKEHUS
DiviSuite Basic, koTopoe MOXeT OBITh PACHIMPEHO 3a CUET AKTUBU3AIUH
JIOTIOJTHUTENIBHBIX MPOTPAMMHBIX MOJIYJIEH (7jaee— IIaruHoB).

MoryT HCHoJIb30BaThCsl TUIATMHBI MOHUTOPHHTA PaJMOYacCTOTHBIX CHUTHAJIOB
(mmarua RFScope), ananmuza MPEG2-TS (mmarun TS Analyzer) u ananuza T2-MI
(mmaruna T2-MI Analyzer).

[Imarun  RF  Scope peanusyer (yHKIMM  MOHHMTOpPUHIA  KadecTBa
pPaAMoOYacTOTHBIX CUTHAJIOB DiviSuite. DTOT MJIaruH B peXUME PeaibHOIO0 BPEMEHU
KOHTPOJIUPYET MapaMeTpbl BXOASAIINX PaIliOYaCTOTHBIX CUTHAJIOB [8]:

— COCTOsIHuE AeMOoAyJisauu (OJIOKMpOBKA BHEIIHEr0 UHTEepdeiica...);

— ypoBeHb curHaia, SNR (otHomenue curHai/mym), MER (MHTEHCUBHOCTH
OImMOO0K MOJTYIISINHN);

— WMIYJIbCHAs XapaKTEPUCTHUKA (3XO-CUTHAJIBI);

— WHTEHCUBHOCTH OWTOBBIX OIMOOK: wuTepanus 1o airoputmy LDPC u
MHTEHCUBHOCTE OMTOBBIX omnOok BCH B DVB-T2;

— JMarpaMma peajqn3yeMbIX COCTOSIHUI CUTHAJIOB;

— TapaMeTpbl MOAyISIMK: curHanu3anus Ha ypoae L1 B DVB-T2 (mapameTtpsl
moxayisiuuu PLP ...).

[lnarun TS Analyzer mpencrtaBisieT co0Oil MHCTPYMEHTAJIbHOE CPEICTBO
aHanu3a TpaHcmopTHoro mortoka ctanmapra MPEG2. Ilmarun TS Analyzer

oOecrieynBaeT aHAJIN3 COACPKHUMOTO IIOTOKa  IOCPECACTBOM JCKOAWMPOBAHMA
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tabmmi cuctemHo wHpopmanuu (SI). B momonnenwe x Qynkmuum anammsa PID
npuinokenus DiviSuite Basic aHamm3 HOTOKa MOXET BBIMOIHATHCS C TOMOIIBIO
tabmui (PAT, PMT, EIT...) u ¢ MOMOIIBIO YCIIYT.

OTOT TUIaruH TakkKe 00eCTIeYnBAET MHCTPYMEHTANIbHBIE CPE/ICTBA aHANU3a JIJIs
npoBepku cooTBeTcTBU MPEG2-TS TpeboBanusam crangapra ETSI TR 101 290
(mnaue ETR 290). Ananu3 ¢ momotipio Tadmauil nojjaepxkuaerca 11 MPEG2-TS
Ha OCHOBE BceX cTaHmapToB: HeoOpabortamubii MPEG2-TS (PAT, PMT), DVB,
ATSC wu ISDB. Taxxe mnoaaepxuBaercs ACKOJUPOBAHHWE YACTHBIX TaOJIUIl H
pa3/ielioB C TMOMOIIBIO KOH(UTYPUPYEMBIX CKPUITOB. AHaIU3 KOHTEHTA TaKkKe
MOXHO YHOPOCTUTH MYTEM HMCIOJIb30BAHUS WHCTPYMEHTAJIBHOTO CPEACTBA IOUCKA
DiviSuite,  KOTOpo€  BBINOJHSET TOWUCK  KOHKPETHOro I1adjoHa (MeTka,
3HAYEHHUE...) B COACPKUMOM MOTOKA.

Ananuz ETR290 BemosnHseTcs B COOTBETCTBHHM C TpeOOBaHUSAMH CTaHIapTa
ETSI TR 101 290. ITognepxuBatorcss ypoBau 1, 2 wu 3. IloanepxuBaroTcs
KOH(HUTypHpyeMbIe aBapWiHBIC CHUTHAIBl (AKTHBU3AlUS W TIOPOTOBBIC 3HAYCHUS
JUISL TIPOBEPKH TMapaMeTpPoOB), KOTOPbIE MOTYT OBITh 3aperuCTpUpPOBaHBI. Takke
MOTYT BBINOJIHATBbCS M3MepeHus TouHoctu PCR, obecneunBaronme oToOpakeHue
3HAUYCHUN B PEKHUME pEaJbHOTO BPEMEHHU, a Takke rpaduyeckoe OToOpakeHHe
XPOHOJIOTHUECKUX JaHHBIX W Tpaduueckoe OTOOpakeHHE MapaMeTpoB TOYHOCTU
PCR. Becy ananuz ETR290 moxeT ObITh BBIIOJHEH Jisi KOHKpeTHbIXx PID wim
YCIIYT.

[Tnarun  T2-MI  Analyzer mpencraBiaser co0OW  MHCTPYMEHTAIbHOE
CpeACTBO MoHUTOpUHTa uHTepdeiica moaynstopa DVB-T2. Dtor miarud
nojnepxkuBaeT noroku T2-MI u3 omnoro PLP (xanan Ha ¢usmdyeckom ypoBHE)
uin Heckosbkux PLP. OToT mnarmH noanep:kKuBaeT MOHMTOPHHI IMapaMeTPOB
DVB-T2 B pexume pealbHOTO BpPEMEHUM U JEMYJIbTUIJIEKCUPOBAHUE KOHTEHTA
PLP. 3areM 3TOT KOHTEHT MOXET OBITH MPOAHAIM3UPOBAH B PEKUME PEATHHOTO
BPEMEHHM C HCIOJIb30BaHUEeM IiaruHa TS Analyzer, Mo>keT OBITh BBIIIOJHEHO €ro
JIEKOJMPOBAHNUE U OTOOpAKEHHE MTApaMETPOB.

Monutopunr T2-MI Bkmouaer B cebs ananu3 T2-MI, ananu3 kaapos T2
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(cynmepkanp T2, ctpykrypa kaapa T2, xagpet BB...), nexkomupoBanue LI
(npenBapuTenpHas U TOCT-00paboTka Ha ypoBHE L1, mapametpsr momyssitiuu PLP. . .)

U aHaJIu3 BpeMEHHBIX MeToK T2-MI.

== MaHenb MeHI M mw

u’-‘ﬁ&u [SUTEE

e o n Pame TR0 b s h b ot v s - e a B [
a3 . s e N Bt e ) R
n 1 B eemes 3 00 AT s . O
dHEJ1b KOHTEHTa § B o e
. -y e 3 MR OARG peperren & BNl A peeernen D00 eve
g D04 Owtny ot 3 DEALN Suwidy 3 D04 ndmeredMD 8 DM e
) S ) O 4 B aenawy 3006 K s * 000 per
« »
™D
A ekae Wt B LR - =
Nnden of 2 s pur w gt 2 220 coowe [  deaoe (4 —
R daad Oy e
v Otiseitmd o “
oax
w "~ -

St Maxens CTPOKH COCTOSIHUSA 2
hesn
_ . i e NS AR A Mwme, S8

Pucynok 2.2 - I'paduueckuii unrepderic npunoxenus: DiviSuite

['padpuueckuit unrepdeiic npunoxenuss DiviSuite comepXUT TpU OCHOBHBIE
MaHeJId, KaK MOKa3aHo Ha pucyHke 2.2 [8]:

— TaHeJ]bh MEHIO: B 3TOH MaHeN COAePkKATCs MyHKThI MEHIO, UCTIOB3YEMBIE IS
BbIOOpa KOHTEHTa, OTOOpakaeMoro B TMaHEIW KOHTEHTa. JTa TMaHelb
0TOOpaKkaeTcst BCETa;

— TMaHedb KOHTEHTa: BUJ JTOW MAaHETH MOXKET HM3MEHSThCS B 3aBHCUMOCTH
OT TaHeNu MEHI0. OJTa naHenb oOecrneurBaeT AOCTYyNn K (QYHKIUSM
KoH(UTypupoBaHUs U aHaIM3a mpwioxkeHus DiviSuite;

— TMaHelb CTPOKM COCTOSHUS: B JTOW TaHENM YKa3bIBAIOTCS 3JIEMEHTHI
yOpaBlIeHUS W COCTOsHWE (QYHKIMK aHamm3a. Takke B OTOW MaHEIH

COJACPIKATCA DJJICMCHTHLI YIIPABJICHUA JUJIA BHUIOB, 0T06pa)1(aeMBIX B IIaHCJIN
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KOHTEHTa. JTa MaHesb 0TOOpakaeTcs BCEr/a.
bonee moapoOHOe omucaHWe HCIOIB30BAHUS MPUIOKEHUS B KOMIUIEKCE C
MOAKIIOYEHHBIMH  yCTPOMCTBaMU OyA€T JaHO HIKE TMpPU OINUCAHUU TMOPSIKA

BBITIOJTHEHHSI JTAOOPATOPHBIX MCCIICOBAHUM.

2.3 UsmepurensHblil npueMaik DVB AT78USB

Wamepurenbrbiii npuemank DVB-T/T2/C AT78USB kommnanwm Alitronika
npeqHa3HaueH JUIsl  MPOBEJACHHWS MOHHUTOPWUHTAa ¥ aHalIW3a PaJMOCHUTHAJIOB
BEIIATEIBHOTO TEJIECBUICHHS, TIEPEIaBaeMbIX B CTaHAAPTaX d(QUPHOTO U KaOEIBbHOTO

UQpPOBOTO TEJICBUCHUS. BHEITHMI BH]T IpUEMHHKA MTOKa3aH Ha pucyHke 2.3 [9].

Pucynok 2.3 - Baemnuii Bua usmepurenabaoro npuemanka DVB-T/T2/C AT78USB

komritannu Alitronika

TexHUYECKHE XapaKTEePHCTUKH H3MepuTeNbHOro npuemuuka DVB-T/T2/C
AT78USB xomnanuu Alitronika nmpuBenenst B Tabnuie 2.2 [9].

Tabnuma 2.2 - TexHUYeCKHe XapaKTePUCTUKU HU3MEPUTEIBHOIO MPUEMHUKA

DVB-T/T2/C/C2 AT78USB

WnTepdeiicor Komo6unupoBanusiii DVB-T2/T/c BBog u DVB-/
ASI/SPI na BeIXo/¢e IJIaThI;
BricokockopoctHoit USB 2.0

[TonnepxxuBaembie OC Windows 2000, XP, ¢ Win7 (646ut) [lpaiiBepsl u
SDK nnst + npadiBepsl Linux.
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[Tponomkenue Tadnuipbt 2.2

[Tpuxnannoe 1O DVSStation3 Alitronika
Bxon DVB-T2/T/C coBmectumsbiii moaymsiiuss COFDM
JlunamnasoH npunumaemsix | - UHF: 434.0 MHz to 858.0 MHz.
4acTOT - MID: 149.5 MHz to 426.0 MHz.
- VHF: 50.5 MHz to 142.5 MHz.
Brixoasl [letns RF Beixoa
Crangapt DVB-ASI
ITonoca nponyckanust 5,6,7& 8 MI'1
YpoBeHb BXOJTHOTO CUTHAJIA - 80 dBm miua DVB-T2/T u -15 nbm no +15 nbm
g DVB-C
Pexxumbl Moy Isiuu: - DVB-T2: QPSK, 16QAM, 64QAM, 256QAM

- DVB-T: QPSK, 16QAM, 64QAM
- DVB-C: QPSK, 16QAM, 64QAM

3aIUTHBINA HHTEPBAIT - DVB-T2: 1/4, 19/256, 1/8, 19/128, 1/16, 1/32,

1/128

- DVB-T: 1/32, 1/16, 1/8 & 1/4
- DVB-C: 1/32, 1/16, 1/8 & 1/4

BrixonHasg butoBas ckopocts: | oT 0 10 214 M6ut/c

Brixomnas wactora DVB-ASI | 270 MI'g

CrpykTypHas cxemMa u3MepureiabHoro npuemuuka DVB-T/T2/C AT78USB

kommanuu Alitronika npuBenena Ha pucynke 2.4 [9].

. 8 MB input
RF in # DVB # Hardware Input TS

Interface Buffer Processing

RF loop «
h DVEB-ASI h
-l Interface

Main

Controller

USB Bus

H Interface
USE Bus I
20 MB Software Buffer I

Pucynok 2.4 - CtpykrypHas cxema npuemanka DVB-T/T2/C AT78USB
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2.4 CoeumammsupoBanHoe [IO  DvsStation3  ansg  u3MepuTenbHOTo

obopynoBanusi DVB xommnanuu Alitronika

[Mpuxknagnoe mporpamMMmHoe obecreueHne DvsStation3 mnpemnHazHadeHo ass
obecrieyeHUsT TOJICPKKH padboThl o0opyaoBaHus kommaHuu Alitronika mpwu
MOJIKJIIOYEHHUH €T0 K KOMIIBIOTEpY.

[Tporpammuoe obecnieuenne DvsStation3 BbIMOJHSET cieayrouiue (QpyHKIUN
[10]:

— BBICOKOKQYECTBEHHBIM IUJIeiiep, peKopaep M aHaau3aTop TPaHCHOPTHBIX
notokoB MPEG, nogaepxka Bcex yctpoicts Alitronika DVS;

— apTomaTuueckoe noayueHue Outpedita u3 PCR Bo Bpems 3anucu Hu
BOCIPOU3BEICHUS;

— TOYHas OlleHKa OuTpeiTa npu otcyrcTBuu B PCR;

— HEOrPaHMYEHHOE NETIIEBOE BOCIPOU3BEICHNUE;

— MOJAJIEp’KKa CyOIeTIeBOro BOCIPOU3BEICHUS YacTy (aiina;

— 3anuch TS mortoka B ¢aili 3aJaHHOTO pa3Mepa WM 3aJaHHOIO BpPEMEHH
3aIlnCH;

— BO3MOXHOCTbH BbIOOpa 3amucu A0 3 TS (aitnos, netieBas 3anuch;

— aBtomaruueckas koppekius PCR/PTS/DTS u HenpepbIBHBIN niepecyer;

— BO3MOXHOCTb BCTaBKHM HYJIb-TIAKETOB HCIOJB3Ysl TOJIBKO —alapaTHOEe
oOecIieueHue;

— BO3MOXHOCTh  (puibTpanuu  PID  ucnonb3yss  TOJBKO  ammapaTHOE
oOecIieueHue;

— amnmaparHas MOJJIep)KKa HYJIb-TIAKeTOB W HENpEepbIBHAS TeHepauus Ui
TecTUpoBaHus 0e3 BBojaa Ha PC;

— TOJJIepKKa BBOJIA OIIMOOK;

— BO3MOXxHOCTh ycraHaBiuBaTh TOT/TDT nonb3oBatenem;

— TMOAJIEP’KKA YCTAaHOBKHM BPEMEHHBIX METOK aIlllapaTHBIMU CPEACTBAMU;

— uHTerpupoBanHbli Hex-pemakrop st npocmotpa/pepaktupoBanus TS
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¢aiinos;

— MHOXKECTBO 3amylIeHHBIX TmpuwioxkeHud Ha PC mo3BoNsSeT ympaBisaTh
MHOKECTBOM TMOTOKOB;

— TojjepxKKa Jiroooro koaudectsa LNB;

— moanepxkka Moayisitopos/nemoaynsaropos DVB-T/T2/H/S/S2/C/C2 u ATSC;

— mojjAepKka w3MeHeHus d4acToThl RF ©w ypoBHS BBIXOAHOW MOITHOCTH
MOIYJISTOPA;

— MHIMUKAIUS BCEX HACTPOEK BO BpEMsl BOCHPOM3BEACHHS U 3alHMCH B LEJAX
JTMArHOCTHKH,

— Bo3MOXHOCTh BbiOOpa DVB-ASI, DVB-SPI, RAW data, Burst u np.
PEKUMOB;

— BO3MOXHOCTH 3amnucu/BocripousBefeHuss uyepes SMPTE Serial (SDI) wim
napayensHbiid nopt (LVDS);

— MHTETPUPOBAHHBINA BUJICO BBIOBEP JIJISl IPOCMOTpPA MOTOKA;

— MHTErpupoBaHHbIM KOHBEpTOp DVB to IP.

& Alitronika - DVSstation 11 (AT400USB)

Device select  Configuration  Settings ‘Working Register  Help

alitronika BY/S)

Flay
Satelite tz = Open
File Infarrmation Pragrari Infarrmation PID Irfarriation Output Select Bitrate Adaptian:

(= Satelite.ts = +* Program Information = Pid list " File: 38014731 [C]PcR
476,053,504 bytes NICK. 0 PAT [5.48 Kbs) +DTSPTS
Playtime; +/- 100,01 sec = Eurosport 1 CAT (5,48 Kbs) Out:

Before fist packet: 76 "L Progiam Ni: 3 16 NIT (£33 Kbis] . Qlar/ot
After last packet 16 | | * Pravider:SES2 175DT (1.57 Kb/s) : Re-mux (Hw] -
2532199 packets Bl pudo 1BEIT (246,74 Kb/s) Serial L] Continuity
Packet size: 198 2t PES (Private [ 2070T/TDT (22360 [ Parallel LYDS
Bit rate: 38,014,791 bps Wideo HZ62 21 [0.00 bds)

HSE24Digital 8191 Stuffing [5.23 M| i .

EuroMews 101 Program [5.32 ME Packet size Options Tools

SupeRTLA 102 Program [226.28 | [ Burstmode

RTLZ2&ustria v 103 Program [196.98 |+

£ > 4 > Size
Flay contrals Goodies Buffer size

Mo ermrors detected TeTime: | 0:00:08
LU O Loop: Loop count: ] Elapsed Time: | 0:00:09

J

Pucynok 2.4 — Untepdeiic mporpammser DvsStation3
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Buewnuit Bua untepdeiica mpu BCTPOEHHOM aHaJIN3€ TPAHCHOPTHOTO MOTOKA

npeacTaBiieH Ha pucyHke 2.4 [10].

bonee HOIIpO6HOG OIIMCAHUC HUCIIOJIb30BaHUA IIPUIIOKCHUSA B KOMILICKCC C
IIOAKJIIFOYCHHBIMHA YCTpOﬁCTBaMH 6yI(GT JaHO HMHIKC IIpU OIIMCAHUU IIOPsAJaKa

BBIITOJIHCHUA Ha60paTOpHBIX HCCJIG,Z[OBaHPlﬁ.

2.5 TlporpamMMmHBIN aHaIU3aTOp TpaHCHOpPTHOro motoka 1SReaderLite mis

COBMECTHOM paboThI C U3MEPUTENBbHBIM 000pyn0BanueM DVB

TSReader — NpEeHA3HAYCHHBIA 11 aHaJu3a,

ACKOJIUPOBAHUA U HpeO6p330BaHI/ISI TPaHCIIOPTHBIX IMOTOKOB B CHUCTCMAxX BCIIAHUA

IPOrPaMMHBIM  MPOAYKT,

MPEG-2/4. TSReader Mo)eT NpHMEHATHCS B CETH ISl OIleHKHM KadecTtBa DVB
BCILIAHMS ITyTEeM KOJIMYECTBEHHOTO aHajin3a I1eJIOCTHOCTH MoToka multicast-Tpaduka,
MIPUHUMAEMOTO Ha CTOpPOHE aO0OHEHTa. [ JTaBHOE OKHO MpOrpamMMbl MPHUBEICHO Ha
pucynke 2.5 [11].

Settings - Help

- w PAT FID 0x0000
+ ;ﬂ PMT PID (0010 - Program 1
3 -_11’ PMT PID 00020 - Program 2

Program Numbesr: 1

PCR on FID 17 {0x0011)
PMT Vession: 10

4 w PMT PID 00030 - Program 3 Service name. MH21

+ zgl] PMT PID (0040 - Program 4
=-8l) ART PID OxTHb
=B STT FID Ox1ifb
2l 200509723 221353

Sheam Type: 002 MPEG-2 Video
Elementary Stieam PID 17 (0x0011)

Straam Type: 0x31 AC.3 Audio
Elementary Stream PID 20 (0x0014)

i) MGT FID Ox1ffo
+-ad) TVCT AID Ox1ifd

& @l ETETT

Stream Type: 081 AC-3 Audo
Elementary Sueam PID 21 (040015)

3934 (GA94)
Fle View Settings Audio Video Nawvigaton Help
AN W oo s dm

(1,00 [hetp:ff127.0.0.1:1294
~ ~MPEG-2 Statistics

~ General Infoimation —
Source: ATSC BDA Source (No Status)

Tuner. Channel 57 g:ﬂ ﬁ

Profile: ATEC

Network - ATSC

Pucynok 2.5 — Marepdeiic nporpammer TSReaderLite
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OKHO MOHUTOpPHHTA pa30UTO Ha HECKOJBKO pa3zaenoB. IHTepec mpeacTaBistoT
Tpu U3 HUX [11]:

General Information (cieBa BHM3Y). Comep uT UHPOPMAIIUIO O MYJIBTUKACT-
rpynne, noanexamnieit MOHUTOpUHTY («Tuner: 239.255.2.147 port 5500») u Bpemenu,
B TE€UYEHUH KOTOPOTO ocyiecTBisieTcss MOHUTOPUHT («Run Time: 000:00:41»).

Active PIDs (B muentpe). Coaepxur wHHGOpPMAIMIO O Meaua-MoToKax
B TpaHcnopTHOM notoke MPEG-2 1 ux ckopocTH nepenayu.

MPEG-2/4 Statistics (BHu3y B ieHtpe). CopepkuT nHGOPMAIIHIO O KOJIUYECTBE
NPUHATBIX  CIOYKEOHBIX Tabmui TpaHcnoptHoro mnotoka MPEG-2 u o
KOJIMUYECTBE 3a)MKCUPOBAHHBIX OINMUOOK, CBS3aHHBIX C TIOTEPEH TAKETOB WIH
HapyUIEHUEM MX LETOCTHOCTH.

CoOCTBEHHO, CaMO COJEp)KAaHUE TMPOIETypbl MOHUTOPUHTA 3aKIIIOUAETCs
B HaKOIUICHUH JaHHBIX 00 omunOkax B TpaHcnopTHoM notoke MPEG-2/4 (B paznene
MPEG-2/4 Statistics) 3a  CKOJIbKO-HUOYOb  JumdTeNnbHBIM  mepuoja.  [locne
3alycKka  IpOIEAYphl MOHHUTOpPWHTA ClEIyeT 00ecrnedYnTh HEMPEPBHIBHYIO PadOTy
cOOpaHHOM  TECTOBOW CXEMBI: JIOJDKHO OBITh  OOECMeYeHO  HEeNMpepbhIBHOE
anektponutanne TtectoBoro IIK, TecroBwii IIK He momkeH OTKIIOYATBCS OT
a0OHEHTCKOTO YCTPOWCTBA, HA HEM HE JIOJDKHBI 3aMyCKaThCs Kakue-mmbo Apyrue
IPOrPAMMBI.

bonee moapoOHOE omHMcaHWE WCIOIB30BAHUS MPHIOKEHUS B KOMIUIEKCE C
MOJKJIIOYCHHBIMU YCTPOMCTBAMU OyJeT J1laHO HWXKE TMPU OINMUCAHUHU TMOPsIKa

BBITNIOJIHEHHUS TAOOPATOPHBIX UCCIEAOBAHUM.

2.6 CtpykTypa U cOoCTaB JJaDOPATOPHOTO KOMILIEKCa

B coctaB 060pymoBaHus, MTOMHUMO KOMIBIOTEPOB ¢ MpeaycTaHoBiIeHHBIM [10
BXOJSAT CJICAYIOIINE U3MEPUTEIbHBIC PUOOPHI:
1. Usmeputensubii nmpueMHuk DVB-T/T2 ReFeree 11 551131 kommanuwm

Enensys;
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2. Usmeputenbublilt npuemunk DVB-T/T2 AT78USB komnanuu Alitronika;

3. CrnenmamuzupoBanHoe [10 DiviSuite 1.3, Bkmouaromiee HabOp IpailBepoB
Ul u3MeputenbHoro obopynosanuss DVB komnanuu Enensys u oGecnieunBaroiiee
OKOHHBII UHTepdeiic paboThI C HUM.

4. CnenuanusupoBanHoe [1O DvsStation3, Bkirouaroiiee Habop ApaiBepoB
JUTst u3MepuTeabHoro oobopynoBanus DVB komnanuu Alitronika u oGecrieunBaroiee
OKOHHBII UHTepdeiic paboThI C HUM.

5. Ilporpammublii aHanuzatop TpaHcnopTHoro mnotoka TSReaderLite mis

COBMECTHO pabOoThI C U3MEPUTEIBHBIM 000pynoBaHrneM DVB.

BY-Hecywaa
uUSB

AHTEHHa
[LEeLUMMEeTPOBOro AnanasoHa

Alitronika
AT78USB

ReFeree Il 551131

TeneBn3NOHHbIN
penutenb 1:3

ReFeree 1l 551131

Pa6ouee mecto Ne1 PaGouee mecTto Ne2 Pa6ouee mecto Ne3

Pucynok 2.6 — Cxema 1a60paTopHOTO KOMILIEKCA

Cxema nabopaTopHOTO KOMILJIEKCa IpeJcTaBieHa Ha pucyHke 2.6. Ona
BKJIIOYAET B ce0s1 TpU paboyux MecCTa ¢ pa3IuYHbIMU KOMIUIEKTAMU U3MEPUTEIBHOIO

00opyI0BaHUS.
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3 Metoauka npoBeieHus J1abOopaTOPHOTO UCCIIEIOBAHKS TTapaMeTPOB
CUTHAJIOB 3(PUpHOTro MUGPOBOTO TEIEPAAUOBEIIAHUS IO TEXHOJIOTUU
DVB-T/T2 ¢ ucnons3oBanuem npodhecCUOHaTbHBIX U3MEPUTEIBHBIX
MPUEMHUKOB

3.1 Llens n1abopaTopHOro UcCaeqOoBaHUS

1. TlpmoOpereHne mNpPaKTUYECKUX HABBIKOB IPU MPOBEACHUU H3MEPEHUHN
napaMeTpoB paJAMoYacTOTHOIO CHUrHajla HU(POBOro 3(UPHOrO TEIEBU3UOHHOIO
Bemianuss 1o TexHojormum DVB-T/T2 ¢ wucnonp3oBaHHWEM  H3MEPUTEIHHBIX
IPUEMHHUKOB Pa3JIUYHbIX IIPOU3BOINUTEIEH.

2. IlpuoOpeTeHre TPaKTUYECKUX HABBIKOB IIPHU MPOBEICHUN aHAJIN3a KauecTBa
IM(POBOTrO TENEBU3MOHHOTO CUTHAJIA C IMOMOIIBID HM3MEPUTENIbHBIX MPUEMHHUKOB

Pa3INYHBIX HpOHBBOILHTGJ’IGﬁ.

3.2 Tlopsamok MOATOTOBKH K JaOOPaTOPHOMY HCCIIEIOBAHUIO

CrapocTta rpynmsl 3a0JaroBpeMEeHHO TMojy4yaeT B jJabopatopun TexHuueckue
onucaHus U PykoBoJCTBa MO 3KCIUTyaTallukd 00OPYIOBAHUS BXOSIIETO B KOMILUIEKT
71a00paTOPHOTO aNMapaTHO-IPOrPAMMHOTO KOMIUIEKCA B AJIEKTPOHHOM BHUAE JUIS
U3YYCHHUS TEXHUYECKHX  XapaKTEPUCTHK, MCIOJIb3YEeMbIX B  JIa0OpaTOpPHOM
HCCIIeIOBAHUY TIPUOOPOB.

B cocraB 000pyaoBaHHs, TOMHMO KOMIIBIOTEPOB C IpPEIyCTAHOBICHHBIMU
OQHUCHBIMU TIpOTpaMMaMH, BXOMAAT CIEAYIOUINE W3MEPUTEIbHBIE TPHOOPHI U
crennanusupoBanHoe [10:

1. Usmeputensubii npueMHuk DVB-T/T2 ReFeree 11 551131 kommanum
Enensys;

2. Msmeputenbubiit npuemMank DVB-T/T2 AT78USB kommanuu Alitronika.
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3. Cneunammuposannoe [10 DiviSuite 1.3, Bxirouaromee Habop apaiiBepos
UL U3MepUuTenbHOoro obopynosanuss DVB komnanum Enensys u oOecrieunBaroniee
OKOHHBIN HHTEpdeic paboThl C HUM.

4. CrnemmamusupoBanHoe [1O DvsStation3, Bkmowaromee HaOOp ApaiiBEpoB
U1 u3MepuTensHoro ooopyaoanus DVB kommanuu Alitronika n obecnieunBaroree
OKOHHBIN HHTEp(deiic paboThl C HUM.

5. Comectumoe ¢ obopymoBanreMm Alitronika croponne 10 TSReaderLite mo
JCTAIbHOMY aHaJN3y MYJIbTHUIUICKCOB, MOJYYaeMbIX C U3MEPHUTEIHLHOTO TPUEMHHKA
DVB Alitronika.

[lepconan ydeOHOI J1abopaTopur 3a0JarOBPEMEHHO BBIJIACT CTYJICHTaM B
AJIGKTPOHHOM WJIM TIEYATHOM BHJIE JaHHOE PYKOBOJACTBO I HM3YUYCHHS KPaTKOU
TCOPETUYECKONW YaCTH W TMOATOTOBKH OTBETOB Ha IEPCUMCIICHHBIC B PYKOBOJCTBE
KOHTPOJIBHBIE BOITPOCHI.

B neHb BBITIOTHEHWMS JIAOOPATOPHOTO MCCIISOBAHUS allllapaTHO-TIPOTPaMMHBIN
KOMIUIEKC JIOJDKEH OBITh IMOJTHOCTHIO CMOHTHPOBAH IPEICTAaBUTEIIIMU J1a0OPaTOPHH
U TOTOB K pabote. Bce HeoOxomumoe ocHOBHOe H BcmomorarenbHoe [IO Ha

KOMITbIOTEPAX JOJIKHO OBITh 320JIarOBPEMEHHO YCTAaHOBJIEHO.

3.3 [lopsimok npoBeieHust J1abOpaTOPHOTO UCCIIEA0BaHUS

JlaGopatopHoe wuccieqOoBaHHME COCTOMT M3 2-X 4acTedl. B mepBoit wactu
NPOU3BOJUTCS  MCCIEIOBAHUE TEJIEBU3MOHHOIO CHUIHaja C HUCIOJIb30BAaHUEM
npuemuuka AT78USB kommnanuum Alitronika, a Bo BTOopoit - ReFeree |l 551131
KoMmIianuu Enensys.

B Tom 1 apyrom ciydyae nNpou3BOASTCS paAMOU3MEPEHUs Ha HECYIIEN 4acTOTe
U UCCIEIOBAaHUE IMEpeJaBaeMoro B 1-m WM 2-M MYJIBTUIUIEKCE TPAHCIOPTHOTO
MOTOKA B PeajIbHOM BPEMEHM C MCMOJb30BAHUEM HA3BaHHBIX BBIIIEC W3MEPUTEIBHBIX

MIPUEMHHUKOB.
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Yacrs |

MOHUTOPUHT ® WCCJIEAOBaHWE TPAHCIOPTHOTO TIOTOKAa 4depe3 ddupHoe
BEI[aHUE C MCIOJb30BaHHEM H3MepuTenbHoro npuemanka DVB-T/T2 ReFeree Il
551131.

3.3.1 HccnenoBanre TPaHCIOPTHOTO IMOTOKA C MOMOILIBIO W3MEPUTEIBHOTO
npuemHuka ReFeree II 551131 xommanuu ENensys, BHEMIHWIT BHUII KOTOPOTO

MpEeJCTaBIICH Ha pUcyHke 3.1.

Pucynok 3.1 — Baenauii Bua u3MepureabHoro npuemarnka DVB-T/T2

ReFeree 11 551131

Cnenyer OTMETHTh, YTO HU3MeEpUTENbHBIM mNpueMHUK Enensys ReFeree II
551131 MoXkeT nmpuHUMATh U AHAIM3UPOBATH TPAHCIIOPTHBIM MOTOK HE TOJBKO C
a¢upa, HO U OT MPOBOJHBIX UCTOYHUKOB ¢ Mcnosib3oBaHueM ASI u [P untepdeiicos,
a TaKKe 3alMChIBaTh TPAHCTIOPTHBIA TIOTOK B KOMIBIOTEPHBIN (aiin. Bwioop
MCTOYHHUKA CUrHaja mpousBoautcs B okHe Input Configuration c¢ Bxmagku Device
Selection.

Tak kak 3amvcaHHBIA B BUC (aiiia WIM MONydeHHBIH 1Mo uHTepdericy ASI
TPAHCIIOPTHBII MOTOK MOET OBITh MPOAHAJIU3UPOBAH C MOMOINBIO aHAJIMU3AaTOPA
TPAHCIIOPTHOTO TMOTOKAa, TO OCHOBHAas (PYHKUMS HM3MEPUTEIHLHOTO0 MPHUEMHHUKA
3aKiodaeTcss B npueme ddupHoro curHana, chopmupoBanHoro Ha PTIIL s

OLIGHKH KOHTPOJISl KauecTBa ero padoTsl. MccneayeM gaHHyI0 (QyHKIUIO.
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1. 3amyctute mporpammHoe mnpunoxkenue DiviSuite 1.3 ¢ pabouero crona

KOMITBIOTEpA.

2. B okne Device Selection BeiOepute n3mepurenbHblii npueMank ReFeree 11
551131.

3. B oxnme Input Configuration BeiOepute ¢ynkmmio pamuonpuema RF u
4acTOTy nMpuHUMaeMoro curHama, 602 MI' (37 TeneBU3HMOHHBIN YaCTOTHBIA KaHal).
Ecnu TakoBoi1 4acTOTHI B JaHHOM OKHE HET, TO HAXaTh KHOMKY co 3HaKoM «Ilirocy u
YCTaHOBUTH €€ BpyuHyro. CtapToBoe okHO mpuinoxenus DiviSuite 1.3 nmpeacraBneHo

Ha pUCyHKe 3.2.

& ENENSYS DiviSuite

DiviSuite

Device selection

RefFeree II 551131AW
DiviDual 520130DM

Device information

PiN:

S/N:
MicroCode:
FPGA:

Referee II
S551131AW
4.2
0.7

Device Plugins

RF Scope
TS Analyzer
T2MI Analyzer

S

Calbration:  2013/11/22

Input Configuration

Bandwidth
8 MHz
8 MHz

Standard
OWB-T2
DVB-T2

Comments
Comment 1
Comment 1

Channel name Frequency (...
A Stream1 602.000
RF Strea 610.000

P
L b
#]=]5] S
< >
[> Start [ @Rec. I Video ~,IPFw
Input RF ) Referee I freT
Press start button PCR [eR [l Bit

Pucynok 3.2 - CraproBoe okHO npuioxenus DiviSuite 1.3

4. Haxwmure kHOmKy «Starty B JeBOM HIKHEM YIJy OKHA NPOTPaMMBbI-
npunoxkeHus. [loABUBIINICS 3€JIeHBIM UHAUKATOP, YKAXKET, YTO ITOCTYNAOIIMK Ha

BXOJI CUTHaJI 00pabaThIBae€TCs MPUEMHBIM YCTPOHCTBOM.
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B3l ENENSYS DiviSuite

X ) EN= N SY S DiviSuite

Stream Tree View B Manitoring View
Q (0= @sitrate  x @alams  x [@T2L1 x [@RFT2 x [@GPS x| [@ETR290 x [@PCR x| =
PLPs 4 | Global Stream Drag & drap PID or service here Reset Filter
pr;Lp 5 Zoom pre-sets:1sec Ssec 10sec 30sec 1min Time (secorn &
PLP 1 200,0
PLP 2
£100,0
o
zll,tw
PLP Filter: PLP O 5
Transport Stream i -100,0 hs
Table ~ ¢ = 3
# PAT (TSId 1, s0) Log window =R}
- PMT (progld 1010, s0) Status Function Date/Time PID PLP  Message
# PMT (progld 1030, s0) Info T2-MI 2016-03-11 14:0... NfA Possible T2-MI found on PID 1104 (0X450)
+ PMT (progld 1040, s0) Info T2-MI 2016-03-11 14:0... NfA Possible T2-MI found on PID 1084 (0X43c)
+ PMT (progld 1050, s0) Info T2-MI 2016-03-11 14:0... NfA Possible T2-MI found on PID 1014 (0X3fG)
# PMT (progld 1060, s0) Info T2-ML 2016-03-11 14:0... NfA Possible T2-MI found on PID 1064 (0X428)
# PMT (progld 1080, s0) Info T2-MI 2016-03-11 14:0... NfA Possible T2-MI found on PID 1044 (0X414)
# PMT (progld 1090, s0) Info General 2016-03-11 14:0... NfA New status | In progress
® PMT (progld 1100, s0) Info General 2016-03-11 14:0... NfA New status : Device opened
+ PMT (progld 1110, s0)
# PMT (proold 1120, s0) b
< >
Services Y
PIDs v
> [ Stop @Rec, &4 Video -, IPFw
O Input RF (DVB-T2) © ReFeree II
Stream1 |RET2 }v201 o leps
602,000 MHz Receiving stream packets of 188 bytes | I [ [

Pucynox 3.3 — OxHo ananuza npunumaemoro multiple PLP nmotoka

5. Tepeitnute Bo Bkiaaky «Monitoring» (kHomka BBepXy B IICHTPE OKHA
nporpammbl). CXeMaTHYHO OKHO OYyJeT pa3JieieHO Ha JBEe BEpTUKAJIbHbBIC YaCTH, KaK
Moka3zaHo Ha pucyHke 3.3. B jeBoii 4yacTu MOXKHO BBIOpaTh HEOOXOIUMBIMA
TPAHCHOPTHBIN MOTOK W3 cocraBa nmpuHuMaemoro 12MI (multiple PLP moroxka), a
TaKKe PaCKpPbITh Ty WIH UHYIO CITy’)KeOHYI0 TaONHIly (HMKHSSI YacTh OKHa). B mpaBoii
YacTU TMPH HWCIOJh30BaHMM Habopa BKIaJOK B okHe Monitoring View MoxHO
MPOCMOTPETh MHOXKECTBO TMMapaMeTpOB MPUHUMAEMOr0 CHTHAJa, Ha4YWHAs OT

MapaMCTpOB paarOKaHala U 3aKaHYUBast OoImrOKaMu B TPAaHCIIOPTHOM IIOTOKE.

6. PaccmoTpuM noapoOHO MpeCTaBIEHHBIE BKIAIKH.

Bknanka Bitrate.
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Jliisa mpocMoTpa CKOpoCTH nepeaaydu (OUTpaiiTa) TPaHCIOPTHOTO MOTOKA B TOM
niu uHoM PLP, noctatouHo HakaTh MBIILIKOW Ha BIOpaHHbI PLP 1 nepetsHyTh ero

B okomiko PLP Filter, a B BepxHeM mpaBoM OKHe BbIOpaTh BKIaaKy Bitrate.

7. B n1eBOM HMXHEM yIily MOTYT MOOYEpPEAHO PACKPBIBATHCS TPU BKIAAKU —
Transport Stream - nans npocmoTpa MHGOpMaluu O BCEX, MEPEAABAEMBIX B
TPAHCIIOPTHOM TIOTOKE CITy)KEOHBIX TaONHMIIAX M WX COJCpXaHWU, Services —
UHpOpMaIUsl O TEJIIEBU3MOHHBIX M paJHONporpaMMmax, NEpeJaBacMbIX B TOM WIIU
MHOM BbIOpaHHOM PLP u comepkarenbHas 4acTh TEIEBU3MOHHON MPOrpamMMbl C
COOTBETCTBYIOIIMMHU HACHTU(UKATOPAMH, TPUCBOCHHBIMUA TEM WJIM WHBIM TaKeTaM
nanubix, PIDS — mepeueHb HASHTH(HUKAIIMOHHBIX HOMEpoB B JaHHOM PLP wu
COOTBETCTBHE UX, IMepeJaBaeMbiM B BblOpaHHOM PLP, Tabmuuam u nakeram c

JaHHBbIMH.

8. Jlma mpocMmoTpa BUAEOU300paKEHUs] C TOW WM JIPYroil mporpaMMon B
JICBOM HYWDKHEM YTITy IPOTPaMMHOTO MPUIOKEHUsI HaxkMuUTe KHONKY Video, a 3atem
B TIOSIBUBILIEMCSI OKHE KHOMNKY ¢ TpeyroipHukoM (Play). Jlns BeiOOpa mporpaMmbl
OpOCMOTpa B OTKPBIBLIEMCS] OKHE NPOUTPHIBATENsl BHIOpaTh B CTPOKE MEHIO:
«BocnpousBenenue», 3areM «Ilporpammay». OOpatute BHUMaHHE, YTO
MpOCMAaTpUBaTh BO3MOXXHO TOJIBKO T€ MpPOrpamMMbl, KOTOpbIE HAXOJATCA B

BbIOpanHoM PLP.

9. Bkmagka Alarms. Ilpu wHcHonb30BaHMKM JaHHOW BKJIQJAKH MOXHO
YCTaHOBUTH MPEAYIPEKACHUSI O BBIXOJE PA3IMUYHBIX KOHTPOJIMPYEMBIX IMapaMeTpoOB
3a Tpenesbl JOMYCTUMBIX 3HAYEHUW WM O TOSBIICHUHM TEX WJIM MHBIX OIIMOOK B
TpaHCTOPTHOM TOTOKe. OKHO ¢ YCTaHOBKOW MapaMeTpoB paslesieHo Ha 2 ydactu. B
JIEBOM 4YaCTH TMPOM3BOIAUTCS YCTAHOBKA 3HAYEHUN IMapaMETPOB TPAHCIOPTHOTO

NOTOKa, a B IPAaBOM YacTH — MapaMeTpoB paauocurdaia u T2MlI.

46



Nuaukatopsl, pacroyioKEeHHBIE PSAAOM C MEPEeYHEM MapaMeTpoB U B TOM U B
JIPYTOM OKHE UMEIOT cepblii 11BeT. [Ipu HakaThu Ha n300pakKeHNe KHOIIKH C TaCYHBIM
KJII0YOM OTKpPBIBAaeTCs BKJIaaKa Setting.

HaxxmMuTe Ha JIEBYIO MKOHKY C Ta€YHBIM KJIIOYOM W B TIOSBUBIIEMCSI OKHE
BkIagku Setting ycranoutre HampotuB Net bitrate ramouky On (BKIIOYHTH),
MUHUMAJIbHOE 3HAuY€HUE CKOpOocTH 3 u MakcumaiabHoe 50 MOwut/C. BHU3Yy oOkHa
HOXMUTE TaJIOYKy TOATBEPKACHHUS 3€JeHOro IBeTa. llepeiinure BO BKIAIKY
Monitoring. Muagukatop napamerpa Bitrate Net cran 3enensiM. Ilpopenaiite
AHAJIOTUYHYIO ONEpalUI0 C MPAaBOM KHOIKOM YCTAHOBKH. 3/1€Ch, B MOSIBUBIIEMCS
okHe HampotuB mapamerpa SNR ycranoBure ramouky On m B MHUHUMaIHLHOM
3HadeHun (Min) ycranoBure 3Hauenue 50 nb. Haxkmure 3elIeHYIO TajlodKy
MOJITBEPKJICHUS M BEPHUTECHh BO BKiIaaky Monitoring. ITomensiics cHOBa 3HaYCHHE
SNR na munyc 10 nb. 15 oOHOBIEHUS TTOKa3aHUM 00s3aTEIbHO HAKMUTE KHOIKY

Reset.

10 Bximagkxa T2L1.

[Toka3zbiBaeT MOIYMSALMOHHBIE TapaMmeTpsl mpeamOynsr T2MI — Ll-pre
installing u L1-post installing. [lepenuimre 31 mapaMeTpsl Ijist 1-T0 ¥ BTOPOTO
mysbTHILIeKca. Ecim mapamerpsr L1-post installing B tabmuiie He oToOpakaroTcs,

Haxxmute kHoniky Refresh PLPs infos.

11. Bkmanka RF T2.

Nudopmarus Ha JaHHOW BKJIAAKE IO3BOJISET TPOCMOTPETh OCHOBHBIC
napameTpbl PaIMOCUTHANIA U €0 MOYJISIIMOHHBIC XapaKTePUCTUKH, KaK MTOKa3aHO Ha
pucyske 3.4 Tpu BepTHKANIbHBIX WHAMKATOPA MMOKA3BIBAIOT YPOBEHHb MPUHUMAEMOTO
pamunouactotHoro curHana (Signal Level), ornomenue curnai-mym (SNR) wu
ypoBerb ommbok moayisiuuu (MER). B okomke Active PLP oroOpakarorcs
MOYJIAIIMOHHBIE MapaMeTpbl JACKOAUpPyeMoro B AaHHbIM mMomeHT PLP. B mpaBoit
94acTH B TpauuecKkoM BHUJE OTOOPaKAIOTCS 3HAYEHUS TEX WIM MHBIX MapaMeTpOB B

OIIpPEEIICHHOM LIBETE.
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58 ENENSYS DiviSuite

DiviSuite

Stream Tree View B Monitoring View

Q &= Oipitrate x| [@Alarms x| @T2L1 x @RFT2 x| @GPS x| BETR290 x E@PR x s
PLPs A @ E] Reset
PLPs 60,2dBm  30,1dB 26,2 dB Locks status

PLPO Agc Lock o

PLP 1 T - — P1 Lock o

PLP 2 Li1Prelock ©O

L1PostLlock ©O
Demod Lock ©
Ts Lock o

Errors

LDPC iteration number: 1

Pre LDPC BER: 5,9e-00
Post LDPC BER: 0,0e+0(
Post BCH FER: 0,0e+0(

PLP Filter: | PLP O

Transport Stream v

Services A

Service

# 01 NEPBLIA KAHAM(0x3F2, 1010)
# 03 Mary TBr(0x406, 1030)

04 HTB(0x410, 1040)

05 NATLIA KAHA(Ox414, 1050)
06 POCCUA-Kf(0x424, 1060)

08 KAPYCENb(0x438, 1080)

09 OTPr(0x442, 1090)

10 TB UenHTpf(0x44C, 1100)
BECTW ®Mf(0x456, 1110)

MASKS (0x460, 1120)

&

FEEEEEE

Signal level SNR MER
Active PLP
PLP Id: 0
Group Id: 1
PLP Type: Datal type
Constellation: 64-QAM
Rotated: 1
Code Rate: 4/
FEC Type: Long 64k
Time Interleaver Type: 0
Time interleaver Length: 3
Time interleaver frame interval: 1 .
In Band Signaliing: OFF Monitaring | Echoes | Constellation |

Pucynok 3.4 — OKHO paiMO4acTOTHBIX U3MEPEHUI
Jns Toro, 4yTtoOBl y3HATh, KaKOW MapameTp OTOOpakeH JaHHBIM IIBETOM,

JOCTATOYHO Ha LIBETHOW NPSIMOYTOJIbHUK B JIEBOM HUXKHEM YTy rpaduka HaBeCTH

MBILIKY (CM. pUCYHOK 3.5).
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MER (dB)
min=25,0 max=27,4 last=25,0 mean=26,51

range 0,0 to 40,0

Monitoring | Echoes | Constellation

Pucynok 3.5 — OTobpakeHne 0JJHOTO U3 U3MEPSAEMBIX TapaMeTPOB O0JIee KPYITHO C

HOI[pO6HBIM OIIMCAHUCM €TO XapaKTCPUCTUK

Hwxke rpaduka pacronoxens! emie ase kHomnku — Echoes u Constellation.
Bxkiagka Echoes mo3BosiseT mpocMOTpeTh 3X0 CHTHANbI, OTPaKEHHBIC OT Pa3IMUHbIX
NPENSTCTBUH WM TaKuWe KE TEJICBU3MOHHBIC TepeNaTynky, paboTaromme B
ogHOYacTOTHOUW ceTh. [Ipum 3TOM, HaANpaBUB MBIIMIKY HA TOT WJIM HWHOM CHUTHAJ,
MIPUEMHUK TOKA3bIBAET €r0 YPOBEHb M 3aJCPKKy curHana. Kak BUAHO U3 pUCYHKa
3.6, psin OTPaKEHHBIX CHTHAJOB HAXOISATCS B OTHOCHUTEIILHOW OJIM30CTH T10
3a7IepKKEe, a JpPyrol mnepesaTyuK TEIEBU3MOHHOM OJHOYACTOTHOM CETH Ha
paccrossauu 178,5 Mkc % 300 m = 53,5 kM. IIpu Tex MOIyISUMOHHBIX MapaMeTpax
CUTHAJIa, KOTOpbIM wucCHoab3yeTrca B Poccuiickon @Pexepaunn MakcUMallbHas
3a7IepKKa CUTHAJIa B OJTHOYACTOTHOM CETU MOXKET JOCTUTaTh 233 MKC.
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153
-30,8 dB

178,50 us

Monitoring  Echoes | Constellation

Pucynok 3.6 — [IpocMOTp 3X0-CHUTHAIOB MIPH MIPHUEME

[Tpu naxxatuu xaonku Constellation oTkpriBaeTcsi AEMOHCTPAIIMOHHOE OKHO C
KOHCTEJUIALIMOHHBIM ~ co3Be3aueM, mnepenaBaemoro PLP. Tlo mnpencraBienHoit
KapTUHKE MOXXET TOJbKO NPHOJM3UTEILHO CKa3aTh O KadyeCTBE NPHHUMAEMOTO
CUTHAJIa U 0 BeI4nHe Moy isiunoHHoM omnbku (MER). Yem Oonee pa3ma3biBatoTCs
00JIacTé TOYEK, TEM XYK€ KaueCTBO CUTHasIa U Hibke 3HaueHne MER. B nneansnom
Clydae TOYKH JOJKHBI HIMETh UTOJIBYATYIO0 CTPYKTYPY. I10 yMOT9aHUIO OTKpBIBAETCS
MOYJIAIIMOHHOE co3Be3aue npuHumaeMoro PLP, kak mokazaHo Ha pucyHke 3.7, HO

MOJKHO ITPOCMOTPETh U co3Be3aue npeamOyibl L1-post installing.
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Moritoring | Echoes_constelation |

Pucynok 3.7 — KoncrennsimonHoe co3Be3aue aemoayaupyemoro PLP

12. Bxmagka GPS moxkassiBaer uH(popmaiuioo, BbigaBaeMyro  GPS

NpUEMHUKAMH U B UX OTCYTCTBUE MH(POPMAIIUN HE HECET.

13. Briagka ETR 290.

B okxHe paHHOU BKJIAIKM OTOOpa)KarOTCs OLIMOKH TPAHCIIOPTHOTO TOTOKA,
KOTOpblE MOTYT BO3HUKaTh Kak NpU INepenaye, Tak U B IMpolecce IpuemMa u
0o0paboTku curHana. M3BecTHO, 4TO OMIMOKK TPAHCIOPTHOTO MOTOKA Pa3esItOTCs
Ha 3 KaTeropuu — OMWMUOKH 1-TO MpHOpPUTETAa, KOTOPbIE MPHUBOAAT K MOTEpPE WU K
3HAYUTEJIbHOMY HCKaKEHUIO TAHHBIX, OUTMOKH BTOPOTO MPUOPUTETA, KOTOPHIE MOTYT
MPUBECTH K TMOTEPE WJIM HCKAKEHUIO JTAHHBIX U OIIMOKU TPETHEro MPUOPHUTETA,
KOTOpbIE HE MPUBOJAT B MOTEPE MM MCKAXKEHUIO JAHHBIX, HO CUTHAJIU3UPYIOT OT
HEKOTOPBIX OLIMOKaX B KOHGUTYpALMK WIH COAECPKAHUU TPAHCIIOPTHOTO MOTOKA.

YToObl OMEepaTUBHO KOHTPOJHUPOBATH BO3HUKAIOIIME OIIMOKH, HEOOXOIMMO
YCTAaHOBUTH, KAKHE U3 HUX KOMIIBIOTEP JIOJKEH 0TOOpaXaTh.

Jlis cokpaneHusi BpeMEHM HaCTPOWKH, BbIOEpUTE BCE BHJIbI OLIMOOK MJIs

OTO6pa)KCHI/I$I. I[J'IS[ 9TOI'0 HAXKMHUTC KHOIIKY C I'a€4HBIM KIIIOYOM M aBTOMATHYCCKHU
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nepeiaute Bo BKiIaaky Setting. B okae Alarms Beidepure ETR 290 Piority level 1

¥ yCTaHOBHUTE 2 rajouyku HampoTwB Haamucu (Set/unset all). Jlns moarBepxaeHwMs

YCTAHOBKH HA)KMHTC 3CJICHYIO I'dJIOYKY BHHU3Y ITIOCCPCAMHE OKHA.

Hanee B okne Alarms Beiopure ETR 290 Piority level 2 u BemonnauTe

aHayiornunble onepauuu. Toxke npopaenaiite u mis1 ETR 290 Piority level 3 u s

ETR 290 Miscellanous. Ilepeiinute Bo Bkiaaaky Monitoring.

O3 Bitrate

x| [ Alarms

PLP Filter : PLP 1

x | [ET2L1

% [BGPs x MEETR 290 x

|3 PCR

x | [ T2M %

Drag & drop PID or service here

¥
DI e

OPriority Level 1 0 S Priority Level 2 381 O Priority Level 3 0 @ Miscellanous 0
O1.1 TS_sync_loss 0 02.1  Transport o 3.1.a NIT _actual 0 OINT
@12 sync_byte 0 922 RC 0 ©3.1.b NIT_other ] OMIP_timing 0
D1.3.aPAT_2 0 2.3.2 PCR_repetition 38 3.2 SI_repetition u} OMIP_structure 0
014 Continuity_count 0O 02.3.b PCR_discontinuity 0 3.4 Unreferenced PID 0 OMIP_presence 0
D15aPMT_2 0 ®2.4 PCR_accuracy 343 ©3.5.a SDT _actual u} OMIP_pointer u}
916 PID 0 026 CAT o 3.5.b SDT_other 0 OMIP_periodicity 0
03.6.a EIT_actual 0 OMIP_ts_rate 0
3.6.b EIT _other 0
©3.7 RST 0
038 TOT 0
Log window aa
Status Function Date/Time PID PLP = Message A
Critical ETR290 2016-03-11 20:04:45 On49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:45 0x49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:45  Ox49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:45  0x49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:45  Ox49d (1161) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  Ox49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  Dx49d ({1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  Ox49d (1161) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  Dx49d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  Ond9d (1181) 1 PCR_repetition on PID in ms: #1181 (40)
Critical ETR290 2016-03-11 20:04:44  0x849 (2121) 0 PCR_repetition on PID in ms: #2121 (40)

Pucynok 3.8 — CoobmieHust 06 ommbkax B TPaHCIIOPTHOM ITOTOKE

CaeTsmiyecs: 3€JE€HBIM [IBETOM HHIUKATOPBI TOBOPST O TOM, YTO OIIMOKH
JAHHOI'O0 THIIA B TPAHCHOPTHOM IIOTOKE OTCYTCTBYIOT. MHAMKaTOphl, CBETALIHECS
KpacHbIM TroBopsAT 00 oOpatHoMm. IIpu 3TOM B mpaBoll HUXKHEH 4YacTH OKHa
otoOpaxkaercs wHHGOpPMAIlUd O THIE OIMMMOKH, dYacTOTe €€ TMPOSBICHHUS |
UACHTU(PUKAITMIOHHOM HOMEpe MH(POPMAIIMOHHOTO MTaKeTa, Kak MOKa3aHo Ha PUCYHKE
3.8. Ilpu HaBeneHMM MBIIIKOM Ha Ha3BaHWE OLIMOKH, BBICBEUMBAETCS KpPATKOE
MOSICHEHHE, B KaKUX Cly4yasx oHa OyaeT BO3HHMKaTh. Bce MHIuKaTopbl paboTaioT B

TPHUTITCPHOM PCIKUME, T.C. ITOCJIC ITOABJIICHUA OIIIMOKH OHA BHLICBEUHMBACTCS A0 TEX 110D,

Mmoka He OyneT mpou3BeleH cOpoc, Maxe eCiHM dTa OomudKa ObUla €TUHUYHOU U
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0oJbIlle HE BO3HUKAET. {751 OOHOBIEHUS MHIMKAIMU HEOOXOAUMO Ha)XaTh KHOIKY

Reset.

14. Bxnagka PCR. Bkiagka mno wuHbopMamuu O CHHXPOHHU3AIUU
TPaHCIIOPTHOT'O TIOTOKA.

Tax KaK MBI HE UCIIOJIb3YEM MYJIBTUILUIEKCUPOBaHUE/
PEMYIBTUILUIEKCUPOBAHUE, TO JAaHHBIA MapaMeTp Il HAC HE HeceT He0oOXOIuMOi
uHpopmauu.

Jpyrue QyHKIMOHAIbHBIE BO3MOKHOCTH MPUEMHUKA PACCMOTPEHBI B KPAaTKOM

PYKOBOJICTBE OT KOMITaHuH Enensys.

Yacrs I
MOHUTOPUHT M UCCJIEAOBaHHE TPAHCIOPTHOTO TOTOKAa dYepe3 ddupHoe
BCII[AHHWE C HCIIOJb30BaHMEM H3MepuTenbHoro npuemuuka DVB-T/T2 AT78USB

koMmriianuu Alitronika.

Pucynok 3.9 - BHennuii BU u3MepuTeabHoro npuemMarka DVB-T/T2

Alitronika AT78USB

3.3.4 Wsmepurenbubiii npuemHuk AT78USB  kommanmm Alitronika (B

nanpHeieM Alitronika). BHenmauit Bua npueMHUKa MpeCcTaBlIeH Ha pucyHke 3.9.
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1. Jlnst 3amycka MpreMHUKa OTKPBITH MporpaMMHoe npuiiokenue DvsStation3

(uxonka Ha pabodem crtone). B mosiBUBIIEMCs OKHE BBIOpaTh CTaHAAPT BEIIAHUS

DVB-T2 u maxarts OK.

[ Alitronika - DVSstation Ill (AT78USB DVB-T2, Hub 1, Port 1)

Device select Configuration Settings  Working Register  Help

alitronika R/,

Record

| -

=

Frogram Information Pid Information Input Select Recording Size Hardware PID filker
©Dve @ Secands [[]Enable PID Fitering

@) .
) MBytes [ Exclusive
100 FID Table

Signal Info Options

Carrier Detect <

Lock L

Sync <
Pass Through AS|

Packet size

Bit rate [Mb/s]

Data Emors ]

Sync Loss

Time Stamping

Record controls Goodies Buffer Size

No enors detected Ts Butes: oMB I HesEdit ]
® ../m OLo Loop count: TsTime: | 0:00:00 | T

D Disable Analyzer | Ts Analyzer
DVE over IP

Pucynok 3.10 - CtaproBoe okHO npuioxenus DvsStation3

2. B mnosBuBmemcs okne (pucyHok 3.10) B ctpoke Mento Configuration
BbIOepuTe Tuner. OTKpoeTcs OKHO, B KOTOPOM MOXHO YCTaHOBUTH HACTPOWKHU
MPUEMHUKA U TMPOCMOTPETh MOIYJAIMOHHBIE (POpMAThl MPUHUMAEMOTO CUTHAJA.
OxHo Tuner pasjiencHo Ha HECKOJbKO oOyactel — Setting /i ycTaHOBKHM 4acTOTHI
NPUHUMAEMOI0  TEJIEBM3MOHHOTO KaHaja BEIlaHus, T[OJOChl BEUAHUS |
nekonupyemoro PLP, Status s koHTpoJisi KadecTBa MpuemMa M MNPOCMOTpa
napameTpoB npeamOynbr  L1-post installing, PLP Status mis mnpocmotpa
MOAYJSIIMOHHBIX TapaMmeTpoB jaekoaupyemoro PLP, RF Status s xonTposs
npuHuMaeMoii Hecymieir u Constellation ams mpocMoTpa CHTHANIBHOTO CO3BE3IHUS
L1-post installing u KOHTpoJsSI BeIUYMHBI MOAYISIIMOHHON ommOku u EVM. Okno

Tuner noka3aHo Ha pucyHke 3.11.
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uner Settings x|

DVB T2 Tuner

Settings

Frequency [MHz] 610 Select PLP 0 =

Status PLP Status Constellation
O Carrier ID 0
O Lock
T

@ o ype DATA1
O Bit error rate 0 Payload TS * S %
L1 Modulation QPSK Modulation 0AMB4
L1 Code Rate 172 Code Rate 4/5
L1 FEC LDPCIEK FEC LDPCE4K k3 -
Guard interval 116
Transmission mode 32K RF Status

) SNR/MER [dB] 22.87
Pilot pattern PP4 Frequency [MHz] £10.001

EVM [%] 719

PARP NONE Inversion Off
Cell ID 56101 Enable Constellation
Network 1D 13599

System ID 8835

Pucynok 3.11 - Oxno Tuner npunosxenus DvsStation3

Kpatko paccMOTpuM JBE€ OCHOBHBIE XapaKTEPUCTHUKU KadyecTBa MOIYJIALUU
TeneBu3noHHOM Hecyler — MER u EVM, 3HadeHus KOTOphIX 0TOOpaXkaroTCsl B OKHE
Tuner.

[Ipn HanMuUMKM HENMHEWHBIX U (PA30BBIX MCKAKEHUH, TOMEX M IIYMOB KaHajia
BO3HHKAIOT MEPEXOJHbIE TIOMEXH MEXAY KBaIpaTypHbIMH KaHasamMH. CHUTHalIbHBIC
CO3BE3/Ms IIPU ITOM Pa3MbIBAIOTCS, TO €CTh B KaXKJJOM TaKT€ TOUYKA CO3BE3UsI UMEET
cinyvaitHeie koopauHaThl (pucyHok 3.11). MER (Modulation Error Ratio) -
Ko PUIMeHT OommoboK MOIYJSAIINN) MPEACTABIAECT MEpPY, IOKa3bIBAIOIIYIO
HACKOJBKO (DaKTHUYECKOE 3HAUYCHHWE KOMILJIEKCHOM aMIUIMTYIbl HECYIEW CIeKTpa
curHaia OFDM, oTnuyaeTcss OT e€e HOMHUHAJIBHOTO 3HaueHus. B oOmem crydae

pPC€AJIbHOC IIOJIOKCHHUC (1)213 HEC COBIaagaT C HOMHWHAJIIBHBIM IIOJIOKCHHUECM H3-3a
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HEJIMHEHUHBIX HMCKaKSHUMN AMIUIATYAblI U CI)aBBI B YCWJIIMTCIBHOM TpPAKTC, U H3-34d

BHECCHMSI IITyMa IIpeoOpa3oBanus B Moay sitope [12].

QA
Y A
dQ /
o A 7
/
/
/
/
/

0 |da] 3

® o

Pucynok 3.12 - BosauknoBenue ommbku MER npu QPSK-moayssmmu

Ha pucynke 3.12 moka3zaH BEKTOp CUTHAJIa OUIMOKM MEXKIYy HOMHUHAJIbHBIM U
(dakTHUEeCKMM 3HAYECHUEM KOMIUIEKCHOM aMIUIMTYIbl JAaHHOW Hecymleil. YcpemHss
3HaueHnss MER miig kax ol Hecylien, BBIYACISIETCS UHTErpalibHOE 3HaueHne MER.
Takum oOpazom, MER sBnsercs mepodr momHOCTH KoddduimeHta ommoOoK K
cpeaHeil MomHOCTU B uaeanbHoM QAM curnane. Huzkuii ypoBenb MER sBnsiercs
nokaszaresieM yxyamieHusi curHana. Yem Boie 3HaueHue MER, tem Bwimie C/N u
BBIIIE KAYECTBO CUTHAJIA.

CnepnoBarenbHo, Ko3hduueHT ommndok Moayiasiuuu MER MoxHO onpenenutsb

0 CJEYIONIEMY BBIPAKECHUIO:

>(12+Q%)
MER =10log =, ,
> (di2+dQ?)

=1

rje 1 — uucao cumBoiaoB OFDM B kazpe.
CyMMHpOBaHUE BeIETCS IO KOJUYECTBY CHMBOJOB B kaape DVB-T/T2.
Yepenusas 3nauenne MER s kaxknon Hecylied, BBIYMCIIETCS WHTETPAJIbHOE

suauenue MER.
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Bennunna Bektopa ommbku EVM - onuH w3 HauOoniee IIMPOKO
WCIIOJIB3YEMBIX KOJIMYECTBEHHBIX ITOKa3aTeJIed KadyecTBa MOMYJISAIUU B IUGPOBBIX
CUCTEMax CBS3M CIYXHUT BenuuuHa BekTopa ommbOku EVM (Error Vector
Magnitude).

B oOmem ciydae BekTop omuOku EV - BekTopHOE paziuuue Mexay
ujeaabHbIM ormopHbIM curHajoMm (ideal reference signal) u m3aMmepsieMbIM CHUTHAJIOM
(measured signal).

He cnenyer myrarh BeauuyuHy (aMIUIMTyay) BekTopa ommoOku (magnitude of
the error vector) ¢ ommoOkoi ammuTy bl (magnitude error), u a3y BEeKTOpa OMIHUOKH
(phase of the error vector) ¢ omubkoit ¢a3sl (phase error). I'paduueckoe

M300paKeHHEe ITHX Pa3IHUni MMoKa3aHo Ha pucyHke 3.12 [13].

Q1 Awnnuryanas Amnnutyna
umTzJﬁl“a Bekrop BEKTOpa OLMBKK
OWMBKM ., (Magnitude
{Error of EV)
Yactor)
PeankHeli Masza BekTOpa
(MsmepAeMbIR) P
curHan OLINBKM
{Phase of EV}
Pazoean
uika MaeansHBIA
{onopHBIA)
cHMrHan

Pucynox 3.12 - I'paduaeckoe npeacrasienue Bekropa ommoku EVM

BekTtop ommOKM CONEpPXUT aMIUIMTYAHYIO H  (pa30BYIH0O KOMIIOHEHTHI.
Bripaxkasce mo-apyroMmy MOXHO CKa3aTbh, YTO BEKTOP OIIUOKH - OCTATOYHBIN IIyM H
MCKa)XEHUs, OCTAIOIIEECS MTOCIE TOTO, KaK yJaJeHa UIealIbHas BEPCUs CUTHAJIA.

Jlnst  BBIYUCIICHUS BEJIMYHMHBI (aMIUIMTYABI) BekTtopa ommbku EVM mns

KKJIOr0 CHUMBOJIa CHUTHaJla HEOOXOJMMO HaWTH 3HAYEHUS BEKTOpa OUIMOKH
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KaK Pa3HOCTb MEXIY HWICAIbHBIM OMOPHBIM TMOJOKEHUEM CUTHAJIBHOW TOYKH H
MOJIO’KEHUEM CUTHAJIBLHON TOYKH PEAThbHOTO U3MEPSEMOro CUTHaA.
Kak mnpaBuno, BenuunHa Bektopa EVM Hopmanmmzyercss OTHOCHUTEIHHO

CpeAHEKBAAPATUYHOTO 3HaUCHHUS (root-mean-square, rms) MOITHOCTH CUMBOJIA:

EVM = (cpenHekBapaTHUHOE 3HaYECHUE BEKTOPA OLIMOKU / CPETHEKBAIPATUIHOE

3HAYeHHE MOITHOCTU cuMBoJia) X 100 %.

3nauenne BekTopa EVM naet BO3MOKHOCTh ONpPENETUTh UCTOUHUKH OLIMOOK
W UX BKIag B Tmpoiecc (GpopMupoBaHUS W OOpabOTKU CUTHAJIOB B IU(PPOBBIX
cuctemax. OH UyBCTBUTEJIEH K JIOOOMY YXY/IICHUIO KAUeCTBAa CUTHAJIA, BIMSIOIIEMY

Ha BEJIMYUHY U (Ha30BYIO TPACKTOPHUIO IEMOAYJIUPYEMOIO CUTHAA.,

3. VYcranoBute Ha maHenu Setting wactoty Hecymedn 610 MI'nm (2-i
MyJIbTUILIEKC). BpiOepuTe M3 BBHINAJAIONIETO CIUCKA, KOTOPBIM MOKAXET, CKOJIBKO
pasnuuHbix PLP wucnone3yercs B manHOM MynbTHIuiekce, 3HaueHwe PLP  «O».
[lonocy mpuHMMaemMoro CHUrHajia ycTaHoBuTe paBHOM 8 MI'm, kak moka3aHO Ha
pucynke 3.20. 3adukcupyiiTe AaHHBIC U3MEPEHHUM IO OOOMM MYJBTHUIUICKCAM M

uCroJib3yeMbIM B HUX PLP B cBoux oTuerax.

4. 3akpoiite naHenb TUNEr 1 BO3BPAaTUTECh B OCHOBHOE OKHO Mporpammbl. Kak
¥ B IpUeMHHKEe ENEensys, mpuHMMaeMblii TPaHCIOPTHBIM MOTOK MOXHO 3aIlucaTh,
HaXaB Ha KHOMKY 3amuck B oOiactu Record controls. IIpu stom B obGnactu
Recording Size MoxHO yKka3aTh, CKOJIbKO OyJIeT JUITUThCS 3aMUCh - B CEKYHaX WU B
obbeme 3amucaHHON uHpopmanuu (MOaiit). UToObl HavaTh 3amuch, HEOOXOAUMO
onpeaenuTh uMs (aiiiaa 1 MECTO €ro pachojoKeHusl HaxkaB KHONIKy Open B BepxHei
JIeBOM yacT okHa. Beibepure Ha3Banue (daiina «1» U yKaKuTe MeCTO PaCTIONOKECHHUS
Ha paboueM crToje KommbioTepa. Haxkmute KHOMKY «3amuch». B 2-x oxomikax
MpOrpamMMBbl  TIOABUTCS WHGOpPMAIMS O CEpPBHUCAX, CIYXKEOHBIX TabMUIaX M HX

UACHTU(PUKALIMOHHBIX HOMepax. OOpaTuTe BHUMAHUE, YTO MOCIIe OKOHYaHUS 3alHCH,
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uHpOpMalMs M3 OKOIIEK HE UCYe3aeT U €€ MOXKHO TMOAPOOHO HU3YYHTh.
3aduxcupyiiTe TmepeueHb TEJICBU3MOHHBIX TMporpaMMm B kKaxaom PLP wu

HCIIOJIB3YCMBIC B IIPHUHHUMACMOM ITIOTOKC CJ'IY)KC6HI>I€ Ta6J'H/IIII>I.

5. JlJis KOHTpPOJIE TPAHCIOPTHOTO TMOTOKAa B pealbHOM BpPEMEHU B 001acTH
Record controls Ha)kmMuTe KHOTIKY C JIByMSI YepHBIMH TOYKaMH. YTOOBI OCTAHOBUTH
MpPOCMOTp, CHOBa HAaXXMHUTE OTy KHONKY. Jlisg Oosiee TIIATENBHOTO aHalW3a
TPAHCIIOPTHOTO TMOTOKAa MPEAyCMOTPEHA BO3MOXKHOCTh pabOThl NpPHUEMHHUKA CO
ctopoHHuM IO kommanmn COOL.STF mnon wna3zBanuem  «TSReader». Ero
obneryennyto Bepcuto TSReader Lite MoxHO ckadaTh OecCIIaTHO MO aJpecy

http://www.tsreader.com/.

6. Ckauaiite u ycranoBure nporpammy TSReader Lite. B pexxume octaHOBKH
aHaJiM3a TPAHCIIOPTHOTO MOTOKAa Ha)KMUTE KHOMKY 1S Analizer Buuzy B cepeauHe
okHa. OTKpoeTcsi OKHO, I/i€ IO YyMOJYaHUI0 OylneT yKa3aHa YCTaHOBJICHHas
nporpamma TSReader Lite. Haxmutre OK wu 3amyctutre mnpunoxkenue. Jlanee
MepeBeIUTE MPUEMHUK B PEKUM aHaIW3a TPAHCHOPTHOTO IOTOKAa B PEaTbHOM
Bpemenu. [IpocMoTpure cogepkumoe Tabmuil. CraenaiTe BHIBOIBI.

Jns mpocmMoTpa BUAECO JAEKOAMPYEMOM IMPOTrpaMMBbl, OCTAHOBHUTE PEXKUM
aHanmM3a, HAKMUTE KHONMKY VIEWer m B OTKphIBIIEMCS OKHe BbiOepute USe
videoLAN wu nmyte k npourpseiBatento TSReader Lite. Vkaxute mopt 5001, T.k.
noptT 5000 yxe 3aHAT MoJA aHAJIU3 TPAHCHOPTHOTO MOTOKA. B mpaBoi 4acTu OkHa ¢
NepevyHeM MPOorpamMm, BXOASIIMX B TPAHCIIOPTHBIM MOTOK BBIOEPUTE MJIsi MPOCMOTPA,
ClieNiaB JIBOMHOM IIETUOK MBIIIBIO 10 3HAUKY «h264y.

JlonomHuTENbHBIE BO3MOXHOCTH MPUEMHUKA MOXHO y3HaTh U3 PykoBojicTBa
IOJIb30BATEIIS.

[Tocne o3HaKOMIIEHHSI C BO3MOKHOCTSIMH HM3MEPUTEIBHOIO 000pYAOBaHUA,
BBINIOJIHUTE KOHTPOJBHOE 3aJaHKe, MPUBEICHHOE HIDKE. 3ajaHue opopmisieTcs B
BUJIE OTYETA B JIEKTPOHHOM BHJI€ C HCIIOJIB30BAHUEM TEKCTOBOro peaakrtopa. Ilpu

9TOM MOACHCHUA 1 BBIBOJALI B OTYCTC AOJIKHBI HOAKPCIIATLECA CKPUHIIOTAMMU.
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3.4 3aganue Ha BBINOJIHEHKE JTa00pAaTOPHOM pPabOThI

1. IIpocmoTpuTe CcOCTaB CIy:KEOHBIX TaOJNHI] MPU MPUEME TEIEBU3UOHHOTO
Bemanus B npueMHuke Alitronika u Enensys. Cpenaiite BBIBOJ O COCTaBe
OoTOOpakaeMbIX TaOJUIl M TIOKa3e UX cojepxkaHusa. To ke caMmoe mpojenaiTe npu
IPOCMOTpPE CEPBUCOB M HUACHTU(HUKAIIMOHHBIX HOMEpPOB IEpeAaBaeMbIX PECypCcoB
(PID).

BrinummmTe, Kakue TeIEeBU3HOHHBIE MPOTPAMMBI MepeaaroTcs B 1-M U BO 2-M
MynbTuIUiekce. [Ipu 3ToM MokaxuTe MX pacmpenesieHue Mo BIoKeHHBIM B T2MI
notokam PLP. Cnenaiite BbIBOJI O CKOpOCTH mepenauu paziuuHbix PLP B o0miem
TPAHCTIOPTHOM TIOTOKE.

Jlyis mepexsoYeHnsi ¢ OJJHOTO0 YaCTOTHOTO KaHaja Ha JIPYrol B MPUEMHUKE
Enensys HeoOxoaMMo HaxkaTh KHOMKY StOP B JIeBOM HIDKHEW 4YacTU OKHA. 3aTeMm
BbIOpATh HOBBIM YAaCTOTHBIA KaHAT M Ha)kaTh KHOMKY Start. B npuemuuke Alitronika
BBI3BaTh OKHO [UNEr, yCTaHOBHUTb HECYIIYI0 YacTOTy JPYroro MYyJbTHILIEKCA U

HaxxaTh KHOTIKY Apply.

2. Ilpocmotpure u 3adukcupyiite mapamerpsl T2MI — L1-pre installing u
L1-post installing npu mnpueme 1-ro W BTOPOro MyJbTHUIUIEKCA Ha o00a
U3MEPHUTENbHBIX TpueMHHMKA. CaenmaiiTe BBIBOJ O KOJHUYECTBE OTOOpa)KaeMbIX
napaMeTPOB KaKJIbIM MMPHUEMHUKOM, a Takke 00 OTIIMYMH JIPYT OT JApyra mpeamOys
1-ro 1 2-ro MyIabTHILICKCOB. OTMEThTE B Y€M HX CYHICCTBEHHOE pa3jIMyhe C TOYKH

3PpCHUS UCIIOJIB3YCMbIX MOAYJIIIUMOHHBIX MApaMCETPOB.

3. CpaBHHUTE KOHCTEJUISILMOHHBIE CO3BE3[US W 3XO-CUTHaNBl Wit 1 u 2-ro
MyJIbTUILIEKCOB B mnpuemMHuke Enensys. Cpenaiite BBIBOJBI O PACCTOSIHUSX [10
OTPaXEHHBIX WJIM W3ITydaeMbIX APYTHUMH Tepenatdyukamu curHainax. CoOmromaercs
W 3aluTHBIN uHTepBan? CpaBHUTE CO3BE31UsA, IOJydyaeMmble MpH padoTe ¢

npuemuukom Alitronika u Enensys.
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4. ObpaTuTe BHUMaHUE Ha TO, KaK OTOOpaXaroTCsl OMIMOKHU MpUeMa U OIIUOKU
TpaHCIOPTHOTO TMoOToka B mnpuemHukax Alitronika u Enensys cnenaiite
COOTBETCTBYIOIIME BbIBOABL. [lonmHBIA mepeueHb OMIMOOK BCEX MPUOPUTETOB
npeacrasieH [14], a BeIIUCKAa U3 CTaHAApTa Ha pyccKoM s3bike B llpuioxenun A

JTAaHHOW PaOOTHI.

35 Coz[epxcaHHe O0T4YCTa U KOHTPOJBbHBIC BOIIPOCHI IJIA 3allIUThI

OTyeT BBHIMIONHSETCA B DSJEKTPOHHOM BHJE C UCIIOJb30BAaHUEM JTHO0OTO
COBPEMEHHOTI'0 TEKCTOBOT'O peAaKTOpA.

OT4eT IOKEH COIEPKATh:

1. Temy 1a60paTOPHOTO UCCIICIOBAHMS;

2. lenpb 1 u3yyaeMbi€ BOIIPOCHI IO UCCIICIOBAHUIO;

3. CTpYKTypHYIO CXeMYy JIaDOpaTOPHOU YCTAHOBKHU;

4. HaznaueHue ©W KpaTKUE€ TEXHUYECKHUE TapaMeTphbl MCCIETyEMbIX
M3MEPUTEIBHBIX MPUEMHUKOB,;

5. OrobpakeHre TOpPSAKAa TPOBEACHUS MCCIICAOBAHUN CO CKPUHIIOTAMHU H
KpaTKUM TTOSICHEHHUEM X0J1a pabOThI;

6. BBIBOZIBI 110 MPOBEICHHBIM HCCIIEIOBAHUSIM.

3.6 Tlopsamok 3amuThl OTYETa MO J1aOOPaTOPHOMY HMCCIICAOBAHUIO U TEepeUeHb

KOHTPOJIBHBIX BOIIPOCOB

Jns 3amMThl  MPENOJABATENI0 MPEACTABISACTCS BBIIOJIHEHHBI OTYET B
AJIEKTPOHHOM BHJIe Ha (uem-Hocutene. B ciydae MONOKUTEIBHOM OLEHKH IO
oOpMIIEHHIO OTYeTa, CTYJAEHT JOJKEH OBITh TOTOB OTBETUTh HAa KOHTPOJIbHBIC
BOMpPOCHL. Ecian OTBET MOJIOKUTENbHBIA, TO JaOOpaTopHOE HCcienoBaHUE Oyner
3aUTEHO C BBICTABJIECHUEM 3aueTa B >KypHaJ JIA0OPATOPHBIX PadOT, XpaHSAIIUNCS B

yaeOHoM 1abopaTopum.
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KOHTpOIBHBIE BOITPOCHI:

1. B yem npeumymecTBo HU(POBBIX METOAOB BELIAHUS?

. PackpreiTh a60pesuatypy DVB-T/T2, DVB-S/S2, DVB-C/C2, DVB-H.
. Uro Takoe MPEG?

. B uem otiiuune MPEG-4 ot MPEG-2?

. Uem otTimuarotcs omuoOku 1,2 v 3-ro npuopuTeToB?

. Uro Takoe TpancnopTHbI TOTOK MPEG-2TS 1 xak oH ¢popmupyetcs?

. Kakyro nundopmanuro vecytr PAT u PMT TaGaurisr?

. Kakyro undopmaruio vecyt NIT u CAT tabmurier?

O 00 I3 O W K~ W DN

. Kakyto undopmanuro necyt EIT, SDT u TDT Tabnutisr?
10. B yem otimmune multiple PLP ot single PLP pexxumos?
11. Yro takoe T2-MI u qyist 9ero oH UCmosb3yercs?
12. HazoBuTe napaMmeTpbl MOAYJSALMH 1-r0 MyJIbTUILIEKCA.
13. HazoBute napaMmeTpbl MOAYJISALMHU 2-TO MYJIbTUILIEKCA.
14. Yto Takoe MyJIbTUILIEKC.
15. 1151 4ero ucnonb3yercs OJJHOYACTOTHAS CETh?
16. KakoBo 3HaueHME 3alUTHOTO UHTEPBAJA JJIsl HU(PPOBOTrO TEIEBU3UNOHHOTO
Bemanns DVB-T2 B Poccutickoit denepanym?
17. Yrto takoe PID u PCR?
18. Uto takoe MER u BER?
19. Yto takoe EVM?
20. Yto takoe BB-kanp?
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