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MeTta pob0oTH: 03HalloMUTUCA 3 aHaNi3aTOPOM TPaHCNOPTHMX NoTokie DTC-320 StreamXpert (DekTec
Digital Video BV), BMBUMTM CTPYKTYpy TPaHCNOPTHOro notoky MPEG-2, NnpoBecTM KOHTPOJIb AKOCTI

NabopartopHa poboTta Ne 1
Tema: AHA/I3 TPAHCNOPTHOIO NOTOKY MPEG-2.

TpaHcnopTHoro notoky MPEG-2 y BignosigHocTi i3 CTY ETSI TR 101 290:2004.

N oV A WNR

1. CuHTaKcuc TpaHcnopTHoro notoky MPEG-2 nokasaHo Ha puc. 1.

. 3po6UTM BUCHOBKM.

3aBaaHHA Ha pobory.

BumipAatn napametpu PCR.

BM3HAUMTKN XapaKTEepPUCTUKM NOTOKIB ayAio, BiAeo Ta AaHUX.
BusHaunTu PID Tabnmup cepsicHoi iHdopMmaLii.

TeopeTnyHa goBigKa.

BW3HAuUMTK HanBHI cepBicK B 3aMPONOHOBAaHOMY MY/IbTUMNEKCI.

OsHallomuTUCA i3 aHanisatopom noTokiB DTC-320 StreamXpert (DekTec Digital Video BV).

MpoBecTn KOHTPOb AKOCTI TPAHCMNOPTHOIO NOTOKY Yy BignosigHocTi i3 ETSI TR 101 290.
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PucyHOK 1 — CMHTaKCUC TPAHCNOPTHOIO NOTOKY

2. Tabnuui cepsicHoi iHpopmaLiji.

CneundiyHa nporpamHa iHoopmauis PSI (Program-Specific Information) Hapae paaHi,
HeobXigHi ANA aBTOMATUYHOTO KOHIrypyBaHHA Npuiimaya:
PMT (Program Map Table) Tabnvua nporpamHoi Kaptu
PAT (Program Association Table) Tabaunua nporpamHumx 38’A3kis
CAT (Conditional Access Table) Tabnaunua obmexeHoro gocrtyny
NIT (Network Information Table) Tabavua mepekHoi iHbopmaL,ii

CnyxboBa iHpopmalis Sl (Service Information) npusHayeHa gnsa onucy TEXHIYHUX aTPUOYTIB
KOKHOI i3 AOCTYNHUX CNy»Kb i HeobxigHa anAa Toro, Wob KopUCTyBad Mir iaeHTUdiKyBaTH cay»ou Ta
noAji, WO MOXYTb MepeHOCUTUCA PISHUMWU MYNbTUMIEKCAMM MO PISHUM MepeXKam:

SDT (Service Description Table) Tabnauua onucy cny»6

EIT (Event Information Table) Tabauvua iHbopmauii npo noaii

TDT (Time and Date Table) Tabnuus vacy i gatu

TOT (Time Offset Table) Tabaunusa yacosoro 3cysy

BAT (Bouquet Association Table) Tabnuua o6’egHaHHA NakeTa nporpam

RST (Running Status Table) Tabnauvua ctaHy nepeaay

ST (Stuffing Table) Tabnnua ctaddiHra (3amiHa um BigmiHa Aji icHYOUMX ceKkuin)

SIT (Selection Information Table) Tabnnua cenekTnBHOI iHpopMaLii

DIT (Discontinuity Information Table) Tabnanua HeogHopigHocTi iHbopmau,i

TSDT (Transport Stream Description Table) Tabnvua onucy TpaHCNOPTHOrO NOTOKY

3. OnopHi Bignikn nporpamHoi cuHxpoHisauii PCR (Program Clock Reference).

[OnAa BiaTBOpPEHHA BigeocnrHany HeobxigHoO BiAHOBNEHHA TAKTOBOI YaCTOTU CUHXPOHI3aLii 27 MIL
Ha CTOPOHi pAeKogepa cucTeMM nNepedaBaHHA uudpoBoro TenebayeHHA. [OnA  MOMKAMBOCTI
BiAHOB/IEHHA TAKTOBOI 4aCTOTU CUHXPOHI3aLil BcepeaWHi TPAHCMNOPTHOrO MNOTOKY NepeaatoTb
3HayeHHA PCR. HeobxigHo, wob 3HayeHHA PCR 6yau npaBu/bHMMK B TOYLi BBEAEHHSA i WO6 iX He
6y/f0 CNOTBOPEHO B KOANi MepefaBaHHA HACTINIbKKU, WOO MOrnM BUHUKHYTM npobnaemu B Npoueci
[eKoayBaHHA CTUCHEHUX CUTHANIB.

Bumiptoroun iHTepBan mix npmbyTtam 3HaveHb PCR, TOYHICTb OYiKYBaHMX 3HAYeHb i OXUTEp,
HaKOMMYEHWI Ha UmMx 3HauyeHHAX PCR, nepegaHux y TPAHCNOPTHOMY NOTOL, HEOBXiAHO BNEBHUTUCA Y
MOK/IMBOCTI AeKOoAYyBaHHA TAaKOro NOTOKY.

OnopHUIA curHan cMHXpoHisauii nporpamm — TouHicTb PCR_AC.

BusHauyeHHA Tou4yHicTb 3HavyeHHA PCR, napametp PCR_AC BM3HA4YeHO fAK PIi3HULIO MiX
baKTUYHMM 3HavyeHHAM PCR i 3HauyeHHAM, Wo mae 6ytn B TS npeacrtaBneHo iHAEKcom HanTta Moro
$aKTMYHOT no3uuji. 3HayeHHA MoKe OyTM po3paxoBaHO ANA CTasoi LWBMAKOCTI MOTOKY TS,
BUMIPIOBAaHHA He MO)Ke NpPU3BeCcTM A0 pPe3y/bTaTiB, AKIi MalTb CEHC, 3a 3MIHHOI LWBMAKOCTI
undposoro notoky TS. 3HauyeHHs napameTpa PCR_AC mae 6yTn HaaaHO B HAHOCEKYHAaAX.



BumiptoBaHHA nNpu3HayeHo, Wob BU3HAYMTM NOBHY MOMUAKY 3HavyeHHA PCR BigHOCHO Moro
nosuuii 8 TS. [lonyctumi Bigxunm, snusHadeHi 8 ISO/IEC 13818-1, aopisHioTb + 500 Hc.

Le BuMiploBaHHA MOXKe MPOBOAMTUCL AK Mif, Yac poboTn cny»Kbu, Tak i Konu cnyxba He
npaLLoE.

Mpumimka. TouHicme PCR su3sHayeHo y ISO/IEC 13818-1: "[onycmumi 8idxunu 8u3Ha4eHo
0214 3HaveHb PCR. fonycmumi eioxunu PCR 8uU3HGYEeHO AK MAKCUMAsbHO 00380s€HY MOXUBKY
ompumaHux mimok PCR. Lis noxubka moxce bymu yepe3 Hemoy4Hicme y 3Ha4yeHHAX PCR 4u 3miHy PCR
nio 4ac nosmMopHO20 MysabmurneKkcys8aHHAa. BoHa He micmume noxubku 4yacy npubymms nakema
yepe3 mepexcHuli Oxcumep Yu iHWIi npu4yuHU"
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PucyHok 3 — NapameTtpu PCR (a — pag nocnigosHmx BumiptoBaHb PCR, 6 — po3noain napametpis PCR,
B — iHTEPBA/IM MiXK NOCNIAOBHUMM 3HAYeHHsMM PCR)

4. KoHTponb TpaHcnopTHoro notoky MPEG-2 3a pekomeHaauiamu ETSI TR 101 290.

B YKpaiHi BnpoBag)KeHO CTaHAAPT, AKUM MICTUTb METOAMKM BUMIPIOBAHHA XapPaKTEPUCTUK i
napameTpiB UMPPOBUX MOBAEHHEBUX CUCTEM i ix KomnoHeHT: ACTY ETSI TR 101 290:2004 Uudpose
TenesisiiHe MOB/eHHA. XapaKTepPUCTUKU CUCTEMU NepepaBaHHA. HacTaHOBM WOA0 BUMIPIOBAHHSA.

MeToto BunpobyBaHb € 3abe3neYyeHHA NPOCTOro i WBUAKOTO KOHTPOIO TPAHCNOPTHOIO MOTOKY
MPEG-2. BunpobyBaHHA 3rpynoBaHo y TPpbOX Tabaumuax 3a CTyneHem iX BaXKAMBOCTI A1 MPOLECiB
KOHTPOJ/IHOBaHHA.

Y nepwiit Tabanui 3a3HavyeHO OCHOBHMIN Habip mapameTpiB, AKUIN BBaAXKalOTb HEOOXiAHMM AnA
BMEBHEHOCTI B TOMY, WO Lel NOTiK MoXKe byTh AeKkoaoBaHo. Y Apyrin Tabanui 3a3HayeHo A0AATKOBI



napameTpu, PEKOMEHAOBaHI ANA MNOCTINHOTO KOHTPO/OBAHHA. TpeTa Tabauus MiCTUTb nepenik
Heob0B'A3KOBMX 40AATKOBUX NAPAaMETPIB, IKi MOXKYTb CTAHOBUTU iHTEpecC ANA AeSAKUX 3aCTOCYBaHb.
AHanizatop notokis DTC-320 StreamXpert mae BbyaoBaHi wabnoxn ETSI TR 101 290 (pwuc. 1).
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PucyHok 4 — LWa6nonu ETSI TR 101 290

Mepwunii npioputeT: NnapameTpu, HeobXigHiI Ana aekoayBaHHA (OCHOBHWUIM KOHTPO/b).

TS_sync_loss

Mig 4ac oOujiHIOBAaHHA TpPAHCNOPTHOro NoToky MPEG-2 HalBaxkKAMBIWOW YHKLIED €
3aX0ONJIEHHA CUMHXPOHI3aLii. PeanbHO cUHXpPOHi3aLia TS 3anexuTb Bif KiNbKOCTi NpaBUAbHUX 6anTiB
CUHXPOHi3auji, HeobxiaHMX AnA 3abe3neyeHHA CUHXPOHI3aLil NPUCTPOD, Ta KiNbKoOCTi, 3a AKOI
CMHXPOHIi3aLia HeMOKKMBa.

3anponoHoBaHo, Wob n'aTn NOCNiA0BHMX NPaBUAbHUX BalTiB cMHXpoHi3auii (ISO/IEC 13818-1,
popatok G.01) 6yno [oCTaTHbO ANA 3aXOMNEHHA CUMHXPOHI3aLil, a HaABHICTb ABOX 4M binblue
NoCNigOBHMUX NOWKOAXKEHUX BAMTIB CUHXPOHI3aL,ii CnpMYMHANG iIHAWKALLI BTPATM CUHXPOHI3au;i.

TinbKU 30 HAABHOCMI CUHXPOHI3auii Moxce 6ymu rnpoeedeHo OUiHIO8AHHSA IHWUX napamempis.

Sync_byte_error

Lle’ nokasHWK BCTAaHOBAIETLCA Y pPasi, AKWO NpaBUAbHUIA BalT cuMHXpoHi3auii (0x47) He
3'aBnAeTbca nicna 188 6aiiTie un 204 6anTiB. Lle nonoKeHHs € 6a30BMM, TOMY LWLO TaKy CTPYKTYpy
BUKOPUCTOBYIOTb A1 CMHXPOHI3aLji CKpi3b y TPaKTax KoAyBaHHA i AekoayBaHHA. Baxnuso, w06
KOMHWUI BalT CMHXPOHI3aL|ii 6y/10 NepeBipeHO Ha KOPEKTHICTb, TOMY L0 Y KoJepax Nepesipku 6anTis
CMHXPOHIi3aLii moxe i He 6yTu. Binbll TOro, y AeskuUxX Koaepax npanopelb, baiTa CUHXPOHIi3aLi
BMKOPUCTOBYIOTb Y MapanenbHoMmy iHTepdeNci ona KepyBaHHA NepPeyCcTaHOBJ/IEHHAM MOYATKOBOrO
yncna y reHepaTopi BMMAZKOBMX YMcen Ta iHBepcicto balita 6e3 nepeBipKu, YM € BianoBiaAHWI BalT
AiNcHO 6aliTOM CMHXPOHI3aLiji.

PAT_error (iHankaTop 1.3 Ha puc. 5)



Y T1abauui nporpamHux 3B'askiB (PAT), wo 3'ABnseTbca TiNIbKM B nakeTtax 3 PID 0x0000,
MICTUTbCA MOBIAOMEHHA ANA AeKoAepa, AKa Nporpama € B TPAHCMOPTHOMY NOTOLL, Ta € BKa3iBKa Ha
Tabau1Lj NPOrpaMHOi KapTu, B AKilA, B CBOKO Yepry, € BKa3iBKa Ha KOMMNOHEHTU Bigeo-, ayAionoToKiB Ta
NOTOKIB AaHUX, 3 AKMX CKOMMOHOBAHO Mporpamy.

Akwo PAT BTpayeHo, }KoaHYy Nporpamy He MoxKe byTn AeKoa0BaHo.

Y nakerti 3 PID 0x0000 He moxKe MICTUTUCHL HiYOoro, okpim PAT.

PAT_error_2

MNepedopmynboBaHMin onnc NoMuaku PAT_error_2 CTOCYETbCA MOXAMBOCTI TOTO, WO Tabanus
MporpamHmnx 3B'A3KIiB MOXKe CKIaAaTUCA 3 KiIbKox (NocnigoBHMX) cekuin 3 Tum camum table_id 0x0O.

Continuity_count_error

Ona uboro nokasHWKa o06'egHaHO Tpu nepeBipku. [MepeaymoBun "HeBipHUIA NOPAAOK
HaaXxo4yKeHHA nakeTiB" i "BTpayeHW naket" MOXKyTb CTBOPUTM npobnemu ana iHTErPOBAHOro
npuimaya-gekogepa, AKMA He 06afHaAHO JofaTKoBok bydepHo nam'aTTio Ta BOYAOBAHMMMU
obuucnoBanbHMMM  3acobamun. Ona  BunpoboByBasbHOrO 06/MafHAHHA HeMae HeobXiaHOCTi
pO3pi3HATM Ui ABI NnepeAyMoBU, TOMY WO iX 06'eaHaHO noriyHMm YU pasom 3 TpeTbolo NepeaymoBoto
B OZMH MOKAa3HWK.

Lle morKe TaKo»K CTOCYBATMCb i BTpaTWU NakeTa Ha fiHiax ATM, ge oguH BTpaveHMin nakeT ATM
MOXe CNPUYNHUTUK BTPaTy BCbOro naketa MPEG-2.

MepeaymoBsa "NakeT 3'ABASETLCA YaACTilIE HiXK ABiYI" MoxKe ByTK 03HaKow ramMbwoi npobaemu,
AKY NOCTAYa/IbHMK NOCAYIM MA€E TPUMATU Nif HArNALOM.

PMT_error

Y Tabnuuji nporpamuHux 38'askiB (PAT) € noBigomMneHHA Ana gekoaepa, CKifibKM nporpam € B
noToLi, i MocMNaHHA Ha Tabauui nporpamHoi Kaptm (PMT), aki mictaTb iHpopmalito, ge moxke 6yTn
3HaMAEHO YaCTKM AKOroCb 334aHOr0 CHOXKeTy. LIMMKM YyacTKamum y KOHTEKCTi € BifeonoTiK (3BUYaNHO
OAMH) i ayZio- MOTOKM, @ TAKOXK MNOTIK AaHWUX (HanpuKnag Tenetekct). bes PMT BignosigHy nporpamy
He moxe byTn AeKogoBaHoO.

PID_error (iHankaTop 1.6 Ha puc. 5)

Lle” NnoKasHMK BMKOPMUCTOBYIOTb Yy pasi NepeBipKM, UM iCHYE MOTIK AaHWUX ANA KOXKHoro PID,
AKUIM 3'ABNAETLCA. Taka MOMMUIKA MOXKE BUHUKHYTU, AKLLO TPAHCMOPTHUIN NOTIK My/IbTUMN/IEKCOBAHO
4YM AeMYNIbTUMNIEKCOBAHO, @ MOTiIM 3HOB PEMYNbTUMNIEKCOBAHO.

IHTepBan, BU3HAYEHMA KOPUCTYBayem, He Ma€e nepesuwyBatn 5 ¢ gna PID ayaiocurHany i
Bifleo- curHany (Auns. NpUMITKY). [na cny»6 gaHux i ayaiocny6 3 4eCKpUNnTOpOM MOBU BiaMoOBiAHO
0o 1SO 639, napameTp TMNy Akoro binblue 3a '0', mae 6yTM BUKNIOYEHO Lie 0bMmexKeHHA Y 5 .

Mpumimka. Ans PID, wo Hecymeo iHWYy iHghopmauito, maxky aK cybmumpu, caymbu O0aHux i
aydiocnymbu 3 deckpunmopom mosu 8idnosioHo 0o ISO 639, napamemp muny aKkozo binbwe 3a '0',
yacosull iHmMepsan Mix 08oma Mocni0oBHUMU rnakemamu moz2o camoz2o PID mae 6ymu 3Ha4yHO
dosuwie.

B npuHumni, ana KoxkHoro PID moxke 6yTW BM3HAYEHO iHWWI BCTAHOB/IEHUIA KOPUCTYBaAYeM
nepioa,.
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PucyHok 5 — MoKasHUKK, NoB'A3aHi 3i CTPYKTYPOIO TPAHCNOPTHOrO NOTOKY

OpyruiA npioputeT: napameTpu, PEKOMEHZOBaHi ANA MNOCTIMHOrO 4YM  nNepioguyYHOro
KOHTPOJ/IHOBAHHA.

Transport_error

ba3oBMiN MOKA3HUK NOMMUIOK Yy TPAHCNOPTHOMY MOTOUi peanisye noriyHy ¢yHKUito, ane HUM
TAKOX MOXe 6yTU nepeycTaHOBAOBAHUI ABIMKOBUI NiYMNBbHUK, SKUIA NigPaXOBYE NOMWIKOBI NakeTn
TS. Uelt niynnbHUK NpusHaAYeHO ANA CTATUCTMYHOIO OLIHIOBAHHA MNOMWAOK. AKWO 3'ABASAETbCS
NOMW/KA, TO Leh NOWKOAMKEHUM MaKeT gani He NOBUHEH BMKOPUCTOBYBATUCb ANA iHAMKaUIT Npo
NOMMUJIKMN.

MorKe MaTh CeHC AeTaNbHIlWWIMN aHani3 NOWKOAKEHUX MAKEeTIB, HAaNPUKNaL 3abe3neyeHHAM
OKpPEMMX NIYMUNBbHUKIB MOMUIOK TS AN KOXKHOMO NpOrpamMmHoOro noToKy Yn BKAKOYEHHAM PID KOXKHOro
NOLIKOAXKEHOro NakeTa A0 NPOTOKOANY peecTpauii noaint Transport_error. Takuii 4OAATKOBWUI aHani3
€ HeobO0B'A3KOBMM i He € YAaCTMHOIO LbOro CTaHAAPTY.

CRC_error

Mepesipka kogom CRC gna tabnuup CAT, PAT, PMT, NIT, EIT, BAT, SDT un TOT nokasye, uu
NOLIKOAXKEHO BMICT BignosigHoi Tabauui. Y pasi nowKoaKeHHA BMICT BignoBigHoi Tabnuui aani He
NOBWUHEH BUKOPUCTOBYBATUCL ANA IHAUKALIT PO NOMUNKM.

PCR_repetition_error

Mitkm PCR BMKOpUCTOBYIOTb ANA  NiACTPOIOBAHHA  MiCUEBUX reHepaTopiB  CUTHany
CMHXPOHi3auii cuctemmn 3 yvactotoro 27 Mly. AKWO Ui MITKM He 3'ABnAKTbCA 3 HeobxigHoto
PEerynapHIiCcTIO, 4YacToTa MOXKe MaTu [xutep uu gpeind. lNpuhimad-gekogep MOXKe BUUATU 3



CUMHXPOHI3Mmy. Y cuctemax DVB pekomeHaoBaHo, Wo6 nepion noBToptoBaHHA 6yB He 6inbuwe 3a 40
MC.

MOKa3HUK NOMWAKK, AKUIM MOXKe BigobparkyBaTM pesynbTaT nepeBipkM nepiogy
NMOBTOPIOBAHHSA, Y MalbyTHiX peanisauisx mae HasmnBaTucb PCR repetition error.

PCR_discontinuity_indicator_error

Lle noKa3HMK BCTaHOB/IIOIOTb, KOJIM BUHWUKAE NopylleHHa 6e3nepepBHOCTI 3HadeHb PCR, ske
He 6yN0 3a3HAYEHO HANEXHMM YMHOM iHOMKATOPOM MopyleHHA 6e3nepepBHOCTI. Lle nokasHMK
PEeKOMEHA0BAaHO BUKOPUCTOBYBATU A5t MaMbyTHIX peanisauiii.

PCR_accuracy_error

TouHicTb PCR B mexax + 500 He BBaXKatoTb AOCTATHLOIO A1A BiATBOPEHHA KOAIPHICHOro nigHo-
CiNHOTO KONMBAHHSA Bif, CUTHANY CUCTEMHOI CMHXPOHiI3au;i.

Le BunpobyBaHHA Ma€e OyTM BWMKOHAHO Ti/IbKM HaA TPaHCMOPTHOMY MOTOUi 3i cTasnoto
WBUAKICTIO, AK Le BM3HaYyeHo y ISO/IEC 13818-1.

Mopanbluy iHGopMmaLio Woao BMMiptoBaHb Axkutepa PCR HasBegeHo B 5.3.2 Ta goaatky |
AOCTY ETSI TR 101 290:2004.

CAT_error

CAT BKasye Ha MOX/MBICTb A4N1A NpUiimMada 3 AeKodepom 3HanTM nosigomneHHs EMM, wo
CTOCYETbCA CUCTEMM YMOBHOIO A0CTYNY, AKY BUKOPUCTOBYE Npmninmau. AKwo CAT HemMaE, Npuiimay He
B 3MO3i 04€epKaTh NOBIAOMAEHHA aAMiHICTpAaTOpPa CUCTEMM.

TperTiit NnpiopuUTeT: KOHTPOADb, 3a1EXXHUM Bif, 3aCTOCYBaHHA.

NIT_actual_error

Tabnuui mepexHoi iHpopmadii (NIT) 3rigHo 3i ctaHaapTamm DVB mictatb iHbopmauito npo ya-
CTOTY, WBWAKOCTI KOAiB, MOAYNALiO, MNONAPU3ALIiI0 TOWO Pi3HMX MNporpam, fKi MoxKe 6yTu
BUKOPUCTAHO aekogepom. KoHTpontotoTb, un € NIT, Wo CToCytoTbCA BigNOBIAHONO TPAHCNOPTHOrO
NOTOKY, Y LboMy noToui, Y1 mae NIT npasmuabHuii PID.

NIT_other_error

Hapani Tabnunui meperkHoi iHpopmauji moxe 6ytu npeacrasneHo nig pisHumn PID i B HUX
3p0671eHO NOCUNAHHA A0 iHIWWUX TPAHCNOPTHMX MNOTOKIB, LWO6 3abe3neunTn 6inbwe iHbopMauji Woa0
nporpam, AOCTYNMHMX Ha iHWMX KaHanax. ix nepeHeceHHA He € 0OOB'A3KOBMM, TOMYy MeEpPEBIPKU
BUKOHYIOTb TiZIbKM AKLLO BOHMU €.

SI_repetition_error

MiHiManbHy i MakCMManbHy NepioAMYHICTb Tabnnub cny»k6oBoi iHpopmauii Bu3HavyeHo y EN
300 468 [7], TP 101 211 [8]. Lo nepioanyHicTb i KOHTPOMOE NoKa3HUK SI_repetition_error. Lien
NMOKa3HUK Ma€e OyTM BCTAaHOBNEHO A0AATKOBO A0 iHWWX iHAMKATOPIB MOMWAOK MNOBTOPIOBAHHA
cneupnoivyHnx Tabanup.

Unreferenced_PID

KoXHUI MOTiK AaHMX MNpOrpamu, WO He € MPMBATHOW, MNOBMHEH MaTKM 3HaveHHA PID,
3a3HayveHi y Tabanuyax PMT.

SDT_actual_error

Tabauua SDT onucye cnyx6bu, aocTynHi rnagayesi. li po3ginaoTb Ha cy6Tabaunuj, Aki micTaTb
AeTani KOHTEHTY NOTOYHOro TPAHCMOPTHOIO NOTOKY (060B'A3KOBO) Ta iHLWOrO TPAHCMOPTHOIO NOTOKY



(HeoboB'szkoBo). Bes SDT npuiimay IRD He B 3m03i HagaTK rnagaqvesi nepenik AOCTYNHUX NMOCAYT.
MorKHa TaKo nepeaasati BAT Ha Tomy camomy PID, sikuit rpynye cnyxobm B naker.

SDT_other_error

Lo nepeBipKy BUKOHYIOTb, AKLLO BCTAHOB/AEHO HaABHICTb SDT anAa iHWWX TPAHCAOPTHMX
NOTOKiB.

EIT_actual_error

Tabnvus iHpopmadii npo nogii (EIT) onncye, wo nae tenep i byae Aani Ha KOXKHIN cnyxbi, Ta
HeobOoB'A3KOBO MOXKe HadaBaTu LiIKOM po3Kknag nporpam. Lo Tabaunuto noginaoTb Ha Kinbka cyb-
Tabnuup, AKi MicTATb 060B'A3KOBY iHGOPMaLiO NPO Te, WO nae 3apas i byae cnigom anda NOTOYHOro
Tb. AKwo Hemae iHbopmauii npo "noTouHi" um "HactynHi" noaii, nopoHi cekuii EIT nepeaatoTb
3rigHo 3 TP 101 211 [8]. Po3knag nporpam y EIT € gOCTYyNHUM TinbKKW y pasi, AKWO TPAHCNOPTHUN
NoTiK He cKpemb1boBaHO.

EIT_other_error

Lo nepeBipKy BWKOHYIOTb, AKLLO BCTAaHOBAEHO HaABHiCTb EIT anA iHWWMX TPaHCNOPTHUX
NOTOKIB.

RST_error

Tabnuus RST Hagae mexaHiam LWBUAKOro NOHOB/EHHSA iHdopMaUji cTaHy nepeaad, NogaHoro y
EIT.

TDT_error

Tabnuus TDT micTuTb iHGOpPMaL,ito NPO NOTOYHWUIM YHiIBEPCANbHUIN CKOOPAMHOBAHWI Yac i Aaty
(UTC). Ha popatok oo TDT moxke 6yTv nepeaaHo tabamuto TOT, sKa MicTUTb AaHi NPOo 3CyB MiCLLEBOrO
yacy Ha 3afaHin TepuTopil.

MNepeHeceHHA aeakux Tabauub € HeobOB'A3KOBUM, i TOMY TiIbKM Yy pasi iX HasBHOCTI
34iMCHIOTb NEPEBIPKN TAKMX MOKA3HMUKIB:

NIT_other;

SDT_other;

EIT_P/F_other;

EIT_schedule_other;

EIT_shedule_actual.

3a HaABHOCTI UMX Tabnnup nepesipKa 34iMCHIOETbCA aBTOMATMYHO, CKOpille BUMIPHOBaHHAM
4YaCcoBOrO iHTEPBANY, HiXK 3HAXOAXKEHHAM NEpPLUOi CeKu,ii.

AK noganblue PO3WMPEHHA MEPEBIPOK Ta BUMMIPIOBAHb, 3rafaHMX BULLE, PEKOMEHAOBAHO
DOMIaTKOBY NepPeBipKy, WO CTOCYeTbCA cny»Kbosoi iHpopmauii (SlI): y Tabauuax SI maoTb 6yTH BCi
oboB'A3KOBI Aeckpuntopu, W iHbopmauia y uux Tabauusx mae 6OyTM nocnigoBHoto, 6e3
cynepeyHocTen.
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NabopaTtopHa po6oTta Ne 2
Tema: AHANI3 UMPPOBOI MOAYNALUIL

Mera po6oru: BusBumutM MeTOoaAM UMDPPOBOI Moaynauii Ta aemoaynsuii

CUrHani..

1 AMnnityaHa maHinynsauia (ASK)

Mo6byayBaTtn rpacdik ASK-curHany, wo MICTUTb BCi MOX/IMBI CMMBOAM MNpWU

M-no3uyinHin ASK.

[MoyaTkoBi AaHi:
KinbKiCcTb piBHIB MaHinynauii: M =4.

CuMBOMIbHA WBUAKICTL: F, =1.
HocinHa vactoTta: F, =4.

YacTtoTa anckpetmnsaduii: F, =40.

CnMBONM MOBUHHI MPpMAMATK UiNi 3HAYEHHS, WO NexaTb B Aiana3oHi 0...M -1
. CumBony 0 Bignosiga€e 3HayYeHHa aMnNiTyau, WO AOPIBHIOE —1, a cumBosly M -1 -

3HAYeHHd aMnNiTyau, Wo AOPIBHIOE 1.

Ans wMmaricrpiB: 3MoaentoBatM  BUNAAKOBUW  iHOpPMAUIMHUA  CcUrHan.
[loBXMHaA MOBIAOMMIEHHS, WO nepepaeTbcs - 2 b6anta. ChopmyBaTu BiANOBIAHUN
ASK-curHan.

Q®yHKUiss MATLAB: dmod.

2 ®asoBa MmaHinynsauia (PSK)

MobyayBsaTtu rpadgik PSK-curHany, wo MICTUTb BCi MOXJ/IMBiI CUMBOAU MpU

M-no3uyinHin PSK.

[MoyaTKoOBI AaHi:
11



KinbKicTb piBHIB MaHinynauii: M =4.
CuMBOJSIbHA WBUAKICTL: F, =1.

HocinHa vactoTta: F, =4.

YactoTta anckpetusadii: F =40.

CMBOIN MOBUHHI NpUMaTK LiNi 3HAa4YeHHS, WO fiexaTb B Aiana3oHi 0...M -1

. CumBony k BiaNoOBiAAE 3HAUEHHS MOYATKOBOI a3n, WO AOPiBHIOE 27k/M paaiaH.

®yHKUis MATLAB: dmod.

3 YacroTtHa MmaHinynsagia (FSK)

Mo6yayBaTun rpadik FSK -curHany.

MoyaTKoBI AaHi:
[oBXnHa NOBiIAOM/IEHHS, WO NnepenacTbcs: 1 6anT (3agaTt CaMOCTIMHO).
KinbKiCTb YacTtoT MaHinynauii: M =2.

Yactota cumBona «0»: f;=800.
YactoTta cumBona «1»: f, =1600.

fl_ fo

[eBiauisa: d =

CuMBOIbHA WBMAKICTb: F, =400.

YacTtoTa anckpetmsaduii: F, =16000.

CMBONM MOBUHHI MPMAMATK UiNi 3HAYEHHS, WO NexaTb B Aiana3oHi 0...M -1

®yHKUis MATLAB: dmod.

4 Nemoaynsauia FSK -curHany
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OaHmM i3 MeTodiB npunMaHHa FSK-curHany € kopensuinHuiM MeToa.
KopensuinHe  npunMaHHa  FSK-curHany Moxe  6yTWU  KOrepeHTHuM  Ta
HEKOrepeHTHUM.

KorepeHTHU MeTon MOXe BWKOPUCTOBYBATUCH, SAKLIO BiAOMiI MOYaTKOBI
da3n nocmnok. CyTHICTb MOro JieXuUTb B PO3paxyHKY B3AEMHOI Kopenauii Mix
NPUAHATUM CUMHANOM Ta OMOPHUMU CUrHaNaMM, WO ABAAKTb COOOK rapMOHIYHI
KONIMBAHHS i3 BUKOPUCTOBYBAHMMU AN MaHiNyn4auii yactoTamu.

B3aeMHa kopensuiga curHany 3 k—M OMOPHUM CUrHasoOM AAs n-ro CUMBOY

pPO3PaxoBYETbCA 3a GPOPMYJIOND:
(n+2)T

z,(n)= I s(t)cos(mt+p, )dt,

nT

ne s(t) - FSK-curvan, T - TpuBanicTb nepeaadi cMMBOY.
Micnsa po3paxyHKy zk(n) ONsl yCiXx k 3HaxoAuTbCA MaKCUMMasibHE 3HAYEeHHA.
3HaueHHsa Kk, Wo BiAMNOBI4AE MaKCUMaslbHOMY zk(n), NPUMMAETbCA Y SIKOCTI

AEeMOAYNIbOBAHOIO CUMBONY.

SAKWwo noyaTkoBi da3n nocuniok HesigoMi (Han4yacTiwe Tak i 6yBae) -
BMKOPUCTOBYIOTb HeKOrepeHTHUn (KBagpaTypHUN) KopensauinHum npuinom. B
LbOMY BWMNAAKY OMOPHUMMW CUrHaMaMM € He [AiINCHI FapMOHIYHI KONMMBAHHA, a

KOMMJIEKCHI EKCNOHEHTW:

(n+1)T

z.(n)=| | s(t)exp(jmt)dy.

nT

3aBafoCTINKICTb HEKOrepeHTHOro MeToZa HUX4Ya, YMM Y KOrepeHTHOro.

OuiHMTM 3aBafocCTinkicTb FSK npu  KOrepeHTHiM Ta HEeKOrepeHTHiln
aemoaynsauii:

- 3MoAentoBaTM BUNaaKoBUKW iHpopMaLiMHNIA cMrHan.

- ChopmyBaTtu BignosigaHnn FSK-curHan.

- lo6baBuTK WyM Ta peanizyBaTu KOrepeHTHY Ta HEKOrepeHTHY AeMOAYNALit0
CUrHany 3 WyMOM.

- [Ona Ppi3HMX 3Ha4yeHb ChiBBIAHOWEHHSA CUrHasnA/WyM OTpuMaTM rpadiku

3aBafOCTINKOCTI (3aneXHiCTb MMOBIPHOCTI MOMUKKU BiA4 BiAHOLWEHHS CUrHan/wWwyM).

13



lNoyaTkoBi AaHi:

[loBXXnHa noBiAOMAeHHs, Wo nepegaerbcd: 10000 6iT (BMNnaakoBsa
NOCNiAOBHICTb).

KinbKiCTb 4acToT MaHinynauii: M =2.

YactoTta cumBona «0»: f;=1180.

YacTtoTa cumBona «1»: f =980.

CumBoOnbHa WBKMAKICTb: F,; =300.

YactoTa anckpetusadii: F =9600.

@yHkyil MATLAB: dmod, awgn, ddemod, symerr, semilogy.

5 MiHiManbHa yactoTHa MaHinynsauia (MSK)

6 KBagpartypHa maHinynsauia (QAM/ QASK)

Mpu kBagpatypHinni maHinynsayii (Quadrature Amplitude Modulation (QAM)
abo Quadrature Amplitude-Shift Keying (QASK)) KOXHOMY i3 MOX/MBUX 3HAYEHb
ANCKPETHOro cuMmBony C, CTaBUTbCS Yy BIiANOBIAHICTbL Napa BeNUYMH - aMnniTyau
CMH(dA3HOI Ta KBagpaTypHOi cknagoBoi abo amnniTyaa Ta nodaTkoBa dasa
HOCIMHOIro KONMBaHHS (LLO eKBiBaNeHTHO):

C. — (a.b), s(t)=a,cosamt+b sinat, kT <t<(k+1)T,

abo

Co > (4.0, s(t)=Acos(apt+¢,), KT <t<(k+1)T.

MapamMeTpu aHANOroBOro KOSIMBAHHSA, WO BiANOBiAAE ANCKPETHOMY CUMBONY
C,, NoJatoTb Yy BUMNAAI KOMMIEKCHOrO Yucna B anrebpaivHin abo eKCrnoHeHUinNHIN

dopMi. CyKynHiCTb UMX KOMIMJIEKCHUX 4Yucen ANns BCiX MOXIMBUX 3HAYEHb

ANCKPETHOr0 CUMBOJY Ha3MBalOTb CUrHa/IbHUM Cy3ip M.

14
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PucyHok — CurHanbHe cy3ip’a ana 16QAM.

Mo6yayBaTu rpadik cMrHany 3 KBaapaTypHOI MaHinynsuieto.
Takun rpadik Moxe 6yTu He Aayxe HarnsgHuUM Mo MNPUYMHI 3MillaHOro
(amnniTygHo-da30BOro) xapakrtepy Moaynsuii. 3MiHM amnniTyam Ta dasm npwu

nepexoai Big CUMBOMY A0 CUMBOJY MOXYTb 6YTU HE3HAUYHUMMU.

lNoyaTkoBi AaHi:

[loBXXnHa noBigOMAeHHs, Wo nepegaerbcd: 10000 6iT (BMNaakoBa
NOCNIAOBHICTb).

KinbKiCcTb TOYOK: M =16.

CumMBONbHa WBMAKICTL: F, =2400.

Kinbkictb cumBonis: N =1000.

CumBonu: Bunagkosa nocnigosHictb 0...M -1

HocinHa vactoTta: F, =1800.
YacToTa anckpetunsadii: F, =19200.

CurHanbHe cy3ip’sa ¢opMmyBaTu y BiANOBIAHOCTI i3 PUCYHKOM.

Q®yHKUIT MATLAB: dmod, randint.

Ana dmod BukopucTatn pexunm " qgask/arb’
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7 Oemopynsaugia QAM-curHany

Oemoaynaudia QAM-cuUrHany BUKOHYETbCH WASAXOM MHOXEHHSI CUrHasny Ha
ABa HOCIMHMX KONMBAHHA, WO 3CYHYTi Ha 90°, a pe3ynbTaT MHOXEHHS
nponyckaeTbca yepe3 ®HY. Ha Buxoai pinbTpie 6yaeMo MaTu aHasnorosi cCUrHanu
CHMHMa3HOI Ta KBagpaTypHOi cknagosux. fani ui cumrHanm [UCKPEeTU3YyTbCA 3
4acToTOlD, WO AOPIBHWE CUMBOJbHIN LWBWAKOCTI. lapun BianikiB cuHdasHoI Ta
KBaApaTypHOI CKafoBMX CTBOPHOKOTb KOMMAEKCHE YNCN0, a Hanbnamxya A0 Uboro
ymcna To4YKa BUKOPUCTOBYBaHOro cysip’s (iHpopMauiMHMM CMMBON) MOJAETLCS B

AKOCTi BUXiQHOrO pe3yibTaTy.

~ L
— ] » ADC
&
| {
(1) 30°
% o ADC
Im

PucyHok - CxeMa gemoaynsauii QAM-curnany

AKWo napamMeTpu  MoAynduil  aHanoroBoro CUrHasay nNiATPUMYIOTbCS
MOCTIMHUMM HaA NpPOTHA3i CMMBO/ILHOIO TakKTy Ta Ha MOYaTKy TaKTy 3MiHIOKOTbCS
CKayKkoM, TO 3'aBNsAOTbCS CKayku i B 3¢bopMoBaHOMY curHani. Lle npuBoanTb A0
pPO3LWMPEHHS CMekTpy curHany. LWo6 3pobutn cnekTp 6inbll KOMNAKTHUM
HeobxigHO 3abe3neunTn BIACYTHICTb CKauykiB y curHani (3rnmagutn). Ons uboro
BMKOHYIOTb iHTEpnoAsauilo MK TOYKaMM Cy3ip’d, WO BiANOBIAAlOTb MNOCMIAOBHUM

CnMBOJ1aM.

3aBAaHHA:

PeanizyBaTtn ngemoaynsauito QAM-curHany, otpumaHoro B n. 6. (ddemod)
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MobyayBatn rpadik NPUAHATUX TOYOK HA KOMMAEKCHIM niowmnHi (cysip’s
abo pgiarpama po3scisHHA) - scatterplot. [Ona uboro HeobxigHO oTpuMaTH
aHanoroBuMn AemMoayniboBaHuUM cuUrHan 6e3 auckpeTmsaudii Ta nowyKy HanbamxKumx
TOYOK cy3ip’a (knwo4d /nomap). NMpoaHanizyBaTtn rpadik.

OTpumatn 16QAM-curHan i3 BUKOPUCTaAHHAM dopMmyodoro dinbTpy 3
KOCMHYCHUM 3rnagxyBaHHaM AYX. JoTpuMMyBaTMUCb HaCTYyMHOI NOCMIAOBHOCTI AiN:
Bino6pasnTn CMMBOAM B TOUKM Cy3ip’a 3a gonoMorot dyHKLUii modmap; BUKOHATH
dinbTpauito OTpMMaHOro curHany 3a gonomorot rcosflt; peanizyBaTtu aHanoroBy
KBaapaTypHy Moaynsuito amod.

MopiBHATK cnekTpn 16QAM-curHanis, oTpuMaHux B n. 6 i n. 7. Bukopucratu

MeToa ycepeaHeHuX moamdikosaHux nepiogorpam Yenua - pwelch, psdplot.
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Mpu npunMaHHi QAM-curHany B akocTti ®HY HeobXxiAHO BMKOPUCTOBYBaTU
Takui xe inbTp, 9K i ansa dopMyBaHHSA cnekTpy. NocniaoBHE BUKOPUCTAHHS ABOX
SQRT-inbTpiB (square-root-raised-cosine filter) 3 KOCUHYCHUM
3rnagXyBaHHAM [Oa€ pe3ysbTyloudy iMNyNbCHY XapakTepucTuKy, WO Bignosigae
3BMYaANHOMY IiNbTPy 3 KOCUHYCHUM 3rnajXyBaHHSAM, SKa [AOPIBHIOE HY/O B
TOYKaX, 3CYHYTUX Ha Uuine 4nucio CuMBONIB BIAHOCHO MiKy. Lle pnossonde npwu
npaBunbHOMY BMOOpPIi MOMEHTIB B34TTS BiANIKIB NiKBiAyBaTM 3aBagu Bia CyCigHiX

CUMBOJIB — MIDKCMMBOJIbHY iHTepdepeHuito (intersymbol interference).

Plot of hit) of the Root Raised-Cosine filter

J——
—— =05
B=0

Eye diagram saBnse coboto «ocuunorpamy» aHasoroBoro e mMoAysboBaHOro
curHany, nobynosaHy npu TpUBAMOCTI MPSAMOro XoAy pPO3rOpTKM PiBHOMY OAHOMY
CUMBOJIbHOMY TaKTy. B Toukax onTUManbHOI ANCKpeTu3auii NiHii Ha Takin giarpami
CTBOPIOKOTb BY3bKi NY4YKM, BiSIbHUIN NPOCTip MiXK sKMMK NO HGOpMi Haragye siakpure
OKO. 1719 KOMMJIEKCHOrO CUrHany MoXyTb ByTn HaBedeHi okpeMi rpadikn ans moro

AINCHOT Ta YABHOI YaCTUHMN.

3aBAaHHSA:
Po3paxysatu ¢inbTp (rcosine)
PeanizyBaTn aHanoroBy gemoaynsuito (ademod)

MobyaysaTtu eye diagram (eyediagram)
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MobyaysaTtu piarpamy poscitoBaHHs (scatterplot)

MpoBecT AMCKpEeTM3aUilo Ta MowyK Hambnmxumx To4yok Yy cy3ip’i
(demodmap)

Buoanutn 3amBi CMMBOMIM Ha NOYaTKy Ta B KiHUi CUrHany, WO BUHUKAKOTb Y
3B'A3KY i3 3aTPUMKOIO Yy dinbTpi (TpK CMMBOIN)

MopiBHATK NepenaHi Ta NPUNHATI cUrHanu (symerr)
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