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PaGora mocBdmeHa pemeHUI0 MpoOJeM TeHepald TPEXMEPHBIX CIEH IO CLEHApHI0
nosp3oBaress. Llenpio paboThl SIBIISETCS MCCIIEAOBAaHUE MAaTEMAaTHYECKUX MOjeJel mpeoOpa3oBaHUii
npu Buzyanuzanu 3D 00beKTOB
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The article Is devoted to solving the problem of a three-dimensional scene on the script user. The
aim is to stud the mathematical model of transformation when rendering 3D objects.
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CYB’EKTUBHO-CTATUCTUYHA OLIHKA TEXHIYHOI AKOCTI POBOTH
CUCTEMM DVB-T2 HA PIBHI TPAHCIIOPTHOI'O IIOTOKY

B crarti mpeacraBneHo pe3yibTaTH CyO’€KTHMBHO-CTATHCTUYHOI OLIIHKH TEXHIYHOI SIKOCTI poOOTH
cucremu DVB-T2 mpu mpoBeaenHi ii Ha piBHI TpaHcmopTHOro motoky MPEG-2 3a pisHux ymoB
MpUHMaHHS CUTHAJIIB ITU(POBOTO TEIEBI3iHHOTO MOBIICHHS. [IpoBeneHo neTanbHUN aHajli3 HACHiAKIB
MOTipIICHHS YMOB MPHIMaHHS Ha PiBHI TPAHCIIOPTHOTO MOTOKY 3 YpaxyBaHHSM BiIMIHHOCTEH B HOTO
CTPYKTYpl Ta 3alpOIOHOBAHO MOXIIMBI TEXHIUHI pIlIEHHS MIOAO MiJBUILEHHS ONEpPaTUBHOCTI Ta
€(eKTUBHOCTI CUCTEMU MOHITOPHHTY SIKOCTI poOOTH Mepexi nupoBoro MosieHHs. [n.: 7. bidaiorp.:7.
Ha3B.

Karwuosi ciosa: DVB-T2, MPEG-2 TS, BuMiproBaHHs, NpPIOPUTET MOMUIIKH, CYO’€KTHBHE
noripuienss, Matlab.

Beryn

BaxxnuBoro ckiazoBO0 00CIyroByBaHHS Mepexki LHU(POBOrO MOBJIEHHS € KOHTPOJb
AKOCT1 (DyHKIIIOHYBaHHS OKpeMHUX ii By3idiB Ta Mepexi B miomy. OmHi€0 3 3amad, 110
BUPINIYEThCS TiJl Yac KOHTPOJIIO SKOCTI (YHKIIIOHYBaHHS MeEpeXi € MOHITOPUHT
XapaKTEePUCTUK TPAHCIIOPTHOTO TOTOKY, IO € JOCTaTHRO HANIMHUMH MOKa3HUKAMH SKOCTI
(GyHKIIOHYBaHHS CITY»KOHM IU(PPOBOTO MOBJICHHS Ta JIO3BOJISIE€ peaizyBaTh MOHITOPUHT Ha
JOCTaTHbO BUCOKOMY PIBHI HAJIIMHOCTI.

Jlo 11bOro yacy B HampsMKY KOHTPOJIO TEXHIUHOI SKOCTI (DyHKLIOHYBaHHS Ha piBHI
TpancnoptHoro motoky MPEG-2 mpoBeaeHo psin pochimkenb. Cepen poOIT B IbOMY
HaIpsIMKY, KUIbKICTh SIKUX BKpall 0OMEKEHO, MOKJIIMBO BiJI3HAUUTH poOoTH [1-2]. B po0oTI
[1] BucBiTIEHO mpoOieMy BHU3HAUYEHHsS SKOCTI oOciayroByBaHHsS (QoS) mis mociyr
1 poBoro TenedaueHHs 3 3aCTOCYBaHHAM MiIX0y, 6a30BaHOTO Ha aHaJli31 TPAHCIIOPTHOTO
notoky MPEG-2. Crarrs [1] BucBiTIIIOE T1 Tijaxoau, mo ix BukopuctaHo I[Ipoektom DVB
M1 4ac OOrpyHTYBaHHS MapaMeTpiB, 0 MIUISTal0Th BUMIPIOBAHHIO B CUCTEMAX
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1M(POBOro TENEBI3IMHOIO MOBJIEHHS, Ta PO3POOKU BIAMOBIAHOTO craHaapry [2]. Opnak
MPUBECHI Pe3yJIbTaT TIILKH J03BOJISIE OOTPYHTYBATH 3aCTOCOBHICTH IMX MapaMeTpPiB IS
KOHTPOJIIO AKOCTI (hYHKITIOHYBaHHS CHCTEMHU IU(PPOBOro TEJIECBI31MTHOTO MOBJICHHS Ta HE
MOXe OyTHM BHMKOPHUCTAHO Ha MPAKTHUIIl BHACHIJOK BIICYTHOCTI OyAb-SKMX KOHKPETHHUX
3HaYeHb. BpaxoByioun BHIlle3a3HAUEHE, IPEICTABISETHCS BAKIMBUM BCTAHOBJICHHS

3B’SI3Ky MDK BEIMYMHOIO IIMX TMapaMeTpiB, 10 XapaKTepU3yIOTh TEXHIYHY SKICTb
(yHKIIOHYBaHHSI MEPEXK LIU(PPOBOrO MOBJICHHS, 3 3aCTOCYBaHHIM IT1JIX0ly, 0a30BaHOTO Ha
OIIHII Cy0’€KTUBHOI SKOCTI 300payKeHHS IiJ] 9ac JeKoyBaHHs BigeonoToky MPEG.

Cy0’€KTMBHO-CTATUCTUYHA OI[IHKA TeXHIYHOI IKOCTI

[Ipu npoBeneHHi BuMipioBaHb B TpaHcnopTtHoMmy mnoToui MPEG-2 Ha npuitmanbHii
CTOpPOHI 3MIMCHIOETHCS aHaJi3 MOro BiAMOBITHOCTI €TAJIOHHOMY TPAHCIIOPTHOMY IOTOKY
a00 BIAMOBITHOCTI MPHUHHATOI CIyk00BO1 1H(pOpMaIlii eTaJoHHIM CIy>KO00Bil 1HGOpMAIIii.
[Ipu 1bOMy 3aCTOCOBYETHCS MiJIX1J, Oa30BaHUN HA CTATUCTUYHOMY aHaJIi31 THUIIB MOMUIOK
(ix moAisIeHO 3a TpbOMa MPIOPUTETAMH 32 CTYINIEHEM KPUTUYHOCTI Mij Yac JeKOAyBaHHs) Ta
X KUTBKOCTI 3a MIEBHUM YaCOBUN TPOMIKOK.

3a3Buyail, WEHTP TEXHIYHOTO KOHTPONIO (YHKIIOHYBaHHS Mepexi IUPPOBOro
MOBJICHHSI a00 MOOUIBHOI CTaHIIi TEXHIYHOTO KOHTPOJIIO OOJaJHAHO aHaji3aTopaMu
TparcnoptHoro notoky MPEG-2, mio 3giiicHIOI0TH Oe3nepepBHU a00 MepioguuHu
MOHITOPUHT TPUHHATOTO MOTOKY Ha mpeaMeT ¢ikcallii ado BHUSIBICHHS MOMUJIOK PI3HOTO
tumy. i moMuiku, a TakoX METOAM BUMIPIOBaHHS B TPAHCIIOPTHOMY TMOTOIl BU3HAYEHO B
cTanmapti [2].

Tunoswuil iHTEpPeiic aHam3aTOpa TPAHCIOPTHOTO MOTOKY MpUBENEHO Ha puc. 1. Bin
3a3BUYail MICTUTh 1ACHTU(PIKATOPH THUIIIB MOMUJIOK, KIJTbKICTh BUSIBJICHUX MOMMJIOK Ta 4ac
BUSIBJICHHS BiJNOBIAHOT MOMIJIKH a00 Tpynu moMmiok. OKpiM TOTO MOXe BKa3yBaTHUCh
1H(pOpMaIlis 3 TPAHCTIOPTHOTO MOTOKY, IO MiJJISTaE aHaT3y (Bl):(HOBmHy CIIyK00BY
1H(1)0pMau1}0 Ta apaMeTpu MOTOKY), a60 Oy/1b-AKi
1HII JaHi.

be3ymMOBHO HasBHICTh HaBiTh HE3HAYHOI
KUIBKOCTI TIOMHUJIOK € TIOKa3HUKOM TI€BHUX
HECIIPaBHOCTEM, OJAHAK BOHM MOXYTh BHUHHUKATU
HEO0O0B’SI3K0BO BHACJIIJIOK TEXHIYHUX
HECIIPaBHOCTEHW B 00NaJHAaHHI Ta 1X MOSIBA MOXE
OyTH OJWHOYHOIO TMOJi€r0, MmO He Oyxae
MOBTOPIOBATUCH JOCUTH TPUBAIH Yac. e

3HAUHA KilbKICTh MOMHIJIOK € TMOKAZHUKOM ool oo o et SN
CYTTEBOIO  TOTIPIIEHHS  TEXHIYHOI  SIKOCTI P.HC' I - Tunosnit inTepetic
(byHKIiOHYBaHHS Mepexi mubpPOBOro aHaJli3aTopa TPAHCIOPTHOTO MOTOKY
TEJIEBI31iTHOTO MOBJICHHHI.

OpHak He3BaXKalOuM Ha Te, 110 LEW BUJA aHali3aTopa BXOJUTh 1O MIHIMaJIbHOTO
nepeniky oOJlafHAaHHS JJIi TEXHIYHOTO KOHTPOJIO SIKOCTI (DYHKIIIOHYBaHHS MeEpexi
(G pPOBOro HA3EMHOTO TENEBI31MHOIO MOBIIEHHS, A0 TENEPILIHHOTO Yacy BIACYTHI Oyab-iKi
eKCIUTyaTallifHO-TeXHIYHI HOPMHU Ha MPUIYCTUMY KUIBKICTh MOMWJIOK KOKHOTO 3 THITIB.

JIisi BU3HAUEHHA TPaHUYHMX 3HAYEHb MOMMIOK PI3HOTO NPIOPUTETY MOMKIUBO
BUKOPHUCTATU KPUTEPiil cyO’€KTUBHOTO MOTIPIIEHHS MiJ Yac AEKOTyBaHHS Ta BIATBOPEHHS
OKpEeMHUX MpPOTpaMHHUX IMOTOKIB. BHAcHiOK BUHUKHEHHS MOPOTOBOro e(dekry, 3a SKOro
HEMOJXKJIMBO JIEKOJIYyBaTH OKpEMI CKJIaJOBl B1JIEONOTOKY, Ha 300pakKeHHI BUHUKAE €(eKT
"pozcunanHs". lleil edexT NposABIAETbCA B TMOSIBI OKPEMHMX €JEMEHTIB 1€papXiyHOi
cTpykTypu Bineonotoky MPEG (enemeHTiB 300pakeHHs, OJOKiB, MakpoOJOKiB, 3pi3iB) 3
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HEBIPHO BIJHOBJICHUMH 3HAUEHHSIMU BIJUTIKIB CUTHAIB SICKPABOCTI Ta KOJIbOPOPIZHEIIEBUX
CUTHaJIIB a00 1X TPOCTOPOBO-YaCOBOMY 3CYBI B CYCIIHIX KaJpax BIJIE€OIMOCIIIOBHOCTI.
binem petanpHO 1i crioTBopeHHs B Binmeomnorori MPEG mpoanamizoBaHo aBTOpoM B
nyOumikamisx [3-4].

JI71st cy0’ €KTUBHO-CTAaTUCTUYHOT OLIIHKY SKOCTI (DYHKIIIOHYBaHHS CUCTEMHU ITU(DPOBOTO
MOBJICHHSI Ha PiBHI TPAHCMIOPTHOTO MOTOKY BUKOPUCTAHO MOjenb cuctemu DVB-T2, mo 1i
mo00yI0BaHO aBTOPOM B CEpeNOBUII MoaeaoBanHs Matlab Ta fioro posmupenni Simulink.
[TpunaIMnu 0OpOOISHHS B 11K MOJEII BiAMOBIIal0Th 0a30BUM cTaHIapTaM 3 cuctemu DVB-
T2 [5-6].

Cxema 1abopaTOpHOI YCTaHOBKH, 110 ii MOOYIOBAaHO JJIsi €KCIEPUMEHTY, BIIMOBIIAE
HaBeleHIH Ha puc. 2. BumiproBaHHS 3IHMCHIOBAIMCA TPHU IICTHOX BIIHOIICHHIX
CUTHAJI/IIIyM, SIKI BIANOBIZAJIM PI3HUM 3HAYCHHAM TOMIIOK Koedimienta BER mics
nexomepa BCH (Biz 107 mo 107). Ilix uac BHMipIOBAaHHS BHKOPHCTAHO 4 TPaHCIOPTHI
nmotoku MPEG-2 TS, xapakrepuctuku (Ckian cioyk00Boi iH}opmarlli, MIBHUIKICTH
IM(POBOTO TMOTOKY) SIKUX BiJMOBIAAIOTH TUTIOBUM.

3a pe3ynbpTaTaMu MPOBEACHOTO OCHIHKEHHS MO0y I0BaHO rpadidHi 3aJIeKHOCTI, SIKI
XapaKkTepu3ylTh AKICTh (DYHKIIOHYBaHHS CHCTEMH Ha pPIiBHI TPAaHCIOPTHOTO MOTOKY
MPEG-2 npu pi3HHMX 3HaueHHSX KoediieHTy moMuiok OitiB. i rpadiuni 3anexxHocTi
HaJlaHO Ha puc. 3-6.

T'enepatop _ | Ilepemasau o Kanan | Ilpwmiimau | Amnanizatop
MPEG-2 TS ~ | DVB-T2 " | moBnenns | DVB-T2 " | MPEG-2TS
Y
Amaiizatop o .
BER Mouitop

Puc. 2 — Cxema 1abopaTopHOi YCTaHOBKH

Ha puc. 3-5 HagaHo po3moAlUT BHUHUKHEHHS MOMMJIOK MEPIIOrO MpPIOPUTETY B
TpaHCTIOpPTHOMY TOTOI France B waci ansi pi3HUX 3Hau€Hb KOe(DillieHTY MOMWIOK OiTiB
(BER) na Bxonai nemynbsrurekcopa MPEG.

Puc. 3 — Po3noain BUHUKHEHHS ITOMHJIOK

Continuity_count_error B uaci 3a pi3HuX Puc. 4 — Po3nofut BUHHKHEHHS IOMHIIOK
BER B KaHa/Ii MOBIEHHS UL TS_sync_error B yaci 3a pisaux BER B kanai

TPaHCTIOPTHOTO MOTOKy France MOBJIEHHS JJIs1 TPAaHCIIOPTHOTO MOTOKY France
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3 BCIX MOMWIOK IS UTFOCTPYBaHHS
3araJibHOTO XapakTepy MPOSIBY CIIOTBOPEHb —
Ha piBHI TpaHcnopTHoro noroky MPEG-2 |
TS  po3risiHyTO  MOMWIKH  MEPIIOro gt
npiopurery Ttumy Continuity_count_error ! - —
(moMuIKa B JMIYMIBHUKY O€3MepepBHOCTI —
npioputer 1.4), PAT_error (moMunku B
Tabnuil 00’€HaHHSA MPOTpaM — MPIOPUTET 1
1.3) Ta TS_sync_error (BTpara * N =—
cuaxpoHizamii moroky MPEG-2 TS - ; ' '
IPIOPUTET 1.1). Oxkpim TOTO,

IPOAHAII30BaHO IOMUIKM Transport_error L

(moMMJIKa B MaKeTi TPAHCIIOPTHOTO MOTOKY ' e —
— npiopurer 2.1), CRC_error (mommika Puc. 5 — Po3no1i1 BUHUKHEHHS! TOMMIOK

nons CRC ta6mums PSI/SI — mpiopurer PAT _error B yaci 3a pizaux BER B xanani
2.2) Ta CAT error (momwika B Ta0Omuii MOBJICHHS /U1 TPAHCIIOPTHOTO MOTOKY
CAT — npiopurer 2.6), ajie 4acoBi France

JiarpaMu B IIA CTATTI IJIs HUX HE TIPUBEJICHO.

3 oTpMMaHHX YacOBHX jgiarpam mas momuaok Continuity count error, PAT_error ta
TS_sync_error BugHO, [0 MaKCUMaJIbHA KUIBKICTh MOMIJIOK KOXKHOTO 3 THIIIB € Pi3HOIO
(Bim mpubauzHo 1500 momuioxk a0 1-2 mommiok). lle BUKIMKaHO TEPIOAUIHICTIO
nepeaaBaHHs BIAMOBIAHOTO €IEMEHTY CITy>K00BO1 iHpOpMAIIii.

Tak, Hampukian, 3HAYEHHS JIYWIBHHKY O€3MEPEepBHOCTI NEPENalOTh B KOKHOMY
MaKeTl TpaHCIOpTHOMY moTolll. CaMe TOMY IMTOMMJIKH I[bOTO THITY BUHUKAIOTh YacTilIe, HK
1HII 3 pO3MISHYTUX TUMIB. Piamie BuHMKaOTh mommiku tumy PAT_error, ame me He
TOBOPUTH TPO MEHINY iX BaXKJIMBICTh — HAaBIAKH, B Pa3l BUHUKHEHHS Li€1 MOMUIKU
BITHOBJICHHS OYJb-SKHX TMPOTPaMHUX TIOTOKIB 3 0araromporpaMHOrO TPaHCIOPTHOTO
MOTOKY CTa€ HEMOXJIUBUM. HYacToTa MOSBH IIUX TMOMIJIOK BUKJIMKaHA TUM, IO 1HGOPMAIIIO
tabmuui PAT mepenaroTh He MOCTINHO, a Yyepe3 NeBHUM nepion vacy (He vacrime Hixk 0,5

c).

VY3aranpHeHHST pe3ysbTaTiB CIIOCTEPEKEHHS 1] Yac aHami3y MOMHUJIOK PI3HHUX THIIIB
IUIS. YOTUPHOX TPAHCIIOPTHUX MOTOKIB (110 X ymMoBHO mo3HaueHo DVBT2, France, TNT Ta
Lux) npuBeaeHo Ha puc. 6.

3 rpadikiB BUAHO, MO PO3MOALT TOMHJIOK B dYaci Ta iX KUTBKICTh JUISl 1HIIHAX
TPAHCIIOPTHUX TMOTOKIB BiAPI3HSAETHCS BiJ 3HA4Y€Hb, 10 iX OTPUMAHO JJIsi MOTOKY France,
110 BUKJIMKAHO BIAMIHHOCTSIMH B CTPYKTYypl Ta moOyaoBI 000X TPaHCHOPTHUX MOTOKIB.
Opnak mpuOIM3HE CHIBBITHOIICHHS MOMWIOK PI3HUX MPIOPUTETIB M TUITIB 30€pIracThCs Ta
31 30UIBIIEHHSAM MPIOPUTETY MOMUIKH X KUIBKICTh (K aOCONIOTHA, Tak # BiTHOCHA)
3MEHILYETHCS.

31 30unbmieHHsM BER KUTbKICTh MOMWIOK PI3HUX MPIOPUTETIB 30UIBLIYETHCS, IO
Oylne NpU3BOAWUTH JO TOPYIICHb B TpPHUMMaHHI Ta JCKOAYBaHHI CHUTHAIIB CITyXKOU
TEJIEBI31THOTO MOBJICHHS, a TAKOX, B pa3l MOIIKOKEHHs O0e3mocepeHho iH(opMallii mo/10
3MICTy OKpPEMHUX BIJCOKAJPiB, 10 HEMOXKJIUBOCTI JEKOIYyBaHHSI OKpEMHUX MAUISTHOK abo
HaBiTh BCHOTO 300pa)KEHHS OJHOTO YM JEKUIbKOX BimeokanpiB. [lpudyomy 3aranpHa
KUIBKICTh TOMWJIOK KOKHOTO TUIy Oyze 3MeHIIyBaThch 31 3MeHIeHHsaM BER B kanani. Ilix
4ac MOJICIOBaHHA TMPAKTUYHO OyJIM BiJICYTHI TOMWJIKH TPETHOTO TMPIOPUTETY, IO
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BiamoBigae Bu3HaueHoMy B craHmapti ETSI TR 101 290 — moMuiku 1bOro IMpIiOPHUTETY
3yCTPI4arOThCS BKpal PiaKo.

Ha puc. 7 npuBeneHo oxkpemuii Kajp 3 BIIECOMOCTIAOBHOCTI, MO ii MepenarTh B
TpancoptHomy Tmotomi DVBT2, mnpum pisamx 3HaueHHsx BER. 3a 3nadenns
BER =6,8-10” BifeomnocioBHICT 3HAYHMM YHHOM MOLIKOMKEHAa H MPAKTUYHO € HE
JIEKOJIOBAHOIO (ZIUB. puC. 7a).

Opnniero 3 TPUYMH IOTO MOXKE OYTH HEMOKIHUBICTH BiJHOBJIEHHS OKPEMOTO
€JIEMEHTAapHOTO TOTOKY Bi/IEO 3 TPAHCIIOPTHOTO IMOTOKY BHACIIIOK MOIIKOKEHHS TaOIHUIIl
PAT a0o BTpaTu cMHXpOHI3alii MijJ Yyac MpUAMaHHs TPaHCIOPTHOro MOToKy. e oaHiero
MPUYMHOIO IBOTO MOXXE OyTH TOIIKOKEHHS abo BTpara Tabmumi PMT, mo Bu3Hauae
(akTHYHO METOJ JIEKOAYBaHHS OKPEMHUX €JIeMEHTapHHX MOTOKiB. I3 3meHmenHsm BER
BUJIMMI CIIOTBOPEHHS Ha 300pakKeHHI 3MEHIIYIOThCS (IUB. puUc. 7a-7r) Ta MNPAKTHUYHO
BiJicyTHI nipu BenmunHax BER <1-10°.1-107".

BukopuctoBytoun Bifeokaapu, TpUBEACHI HAa pPHC. 5, MOXIWBO BHU3HAYUTHU
OpPIEHTOBHY KIJTBKICTh TMOMMJIOK KOXKHOTO 3 TMPIOPHUTETIB, 32 SKOI 3HMIKEHHS TEXHIYHOI
SIKOCTI (PYHKITIOHYBaHHS MEpEkKi MU(GPOBOTO TEJIEBI31IMHOTO MOBJICHHS Oy/1€ 3HAXOIUTHUCH B
MPUITYCTUMUX HOPMaX.

"

LRS 3
LA 4 4

a 0 B
Puc. 6 — Pe3ynpTaTl CTAaTUCTUYHOTO aHAJII3y BUHUKHEHHS B TPAHCTIOPTHUX MMOTOKAX
MOMMJIOK 3 TIPIOPUTETAMH: a - TIEPIINiA IPiopUTeT O - IPYTHil MPIOPUTET B - TPETIiid
IpiOPUTET

[Ipn 11bOMy HasBHICTH
MMOMUJIOK TOTO a00 1HIIIOTO
Taly Oyne BKa3yBaTH Ha
JAHKY HACKPIZHOTO TPaKTy,
I¢  TOTCHIIHHO  MOIJIH
BUHUKHYTH  HECIIPaBHOCTI.
OcTtanHe Moxe OyTH
peaizoBaHO 3a JIOTIOMOTOO

BOY/I0BAaHOTO
BUIIPOOYBAILHOTO
CyOIOTOKY, 110 roro
NepesaoTh pa3om 3

MPOrpaMHUMHU TIOTOKaMHU B
TpaHcnOpTHOMY notoui [7].  Puc. 7 - ®parMeHTH BiZ€0moCIiI0BHOCTEM TPAHCIIOPTHOTO

ITin wac mnpoBeneHHs notoky DVBT?2 3a 3nauens koediuienty BER: a -
aHamizy Oynemo Bu3Ha4YaTH BER =6,8-10° 6- BER =3,6-10° B- BER =3,04-10" r -
7IBa TUITM TIOPOTOBUX BER = 3.95.10°
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3HaUYEHb —KyMYJISITUBHA Ta MUTTEBA MIOPOTOBA KUIBKICTh MOMUJIOK KOKHOTO 3 MPIOPUTETIB.
MuTTeBa TOpOroBa KUIBKICTH MOMUJIOK Oyje BU3HAYATH KUIBKICTh TOMHIIOK, 3a SIKOTO
BUHUKAIOTh 3HAYHI MOTIPIICHHS MiJ Yac JeKOAyBaHHs/ BIATBOPEHHS 300pa)KEHHS Ha €KpaHi
B1JICO KOHTPOJIBHOTO MPHUCTPOIO, M0 OyAyTh NPU3BOAUTH 1O 3HIDKEHHA CyO €KTMBHOL
OLIHKK SKOCTI. KyMmynsTHBHa mnoporoBa KiJbKICTh MOMHWJIOK, 1[0 OyAeMO BH3HA4aTH
[UISIXOM JI0JJaBaHHS MMOMUJIOK PI3HUX THUIIIB OJHOTO MPIOPUTETY 3a MEBHUM 1HTEpBaJl Yacy
CIIOCTEpEXKEHHS, OyJe XapaKTepu3yBaTH 3arajibHy TeXquHy SIKICTH  (yHKIIOHYBaHHS!
Mepexi UPPOBOTo TENEBI31IMHOIO MOBIICHHS 32 HpOMl)KOK yacy cHocTepesKeHHs. 1i Moxe
OyTH BUKOPUCTAHO JJISl CIIOCTEPEHKEHHS 3arajibHO1 JIWHAMIKM 3MIHEHHS TEXHIYHOI SKOCTI
(yHKIIIOHYBaHHS 3 METOIO0 CBOEYACHOTO MOTNIEPE/KEHHSI BUHUKHEHHSI HECTIPABHOCTEH.

Jljisl BU3HAYEHHSI MUTTEBOI MOPOTOBO1 KIJIBKOCTI MOMMIOK OyJeMO BUKOPHCTOBYBATU
Jiarpamu, MpUKIaJl SIKUX TPUBEICHO Ha puc. 3-5, a ISt KyMYJISTUBHOT IOPOTOBOI KIJIBKOCTI
MMOMWIOK — pHuC. 6.

Takum umHOM, Ha 0a31 BHUKOPHCTaHHS KPHUTEPIIO HASIBHOCTI Cy0’ €KTUBHOTO
HOTIpIIEHHS] MPHU JAEKOAYBaHHI 300pa)KeHHS, 110 BUKIMKAHO CIHOTBOPEHHSAMM B KaHai
MOBJICHHSI, MOXJIMBO CTBEPJKYBaTH, IO HAWOLIbII €(PEKTUBHUM IPU MOHITOPUHTY €
KOHTPOJIb KUIBKOCTI TOMMJIOK MEpIIOro Ta Jpyroro mpioputeriB. [lpu mpomy, sKIo
KyMYJISITUBHA KIJIBKICTh TOMMJIOK JIDYTOro MpIOPUTETy Ha IHTEpBalli 8 CEKyHI B
cepenHboMy Outbiie abo mopiBHioe 500-700 momuiok (Hampukian, i npioputery 2.1),
TOII IIe BKa3y€ Ha CYTTEBE TOTIPIIEHHS TEXHIYHOI SKOCTI poOOTH CIyXO0m mudppoBOro

TeneBiifinoro Mopienns Ta BER >1.10° - 306paxeHHs Oyae NpPakTUYHO He
JIEKOIOBAaHUM. SIKIIO KUTBKICTh Ha MPOTS31 IHTEPBALY CIIOCTEPEKEHHS € He OLIbIIOo0 3a 2-7
MOMMWJIOK APYroro mpiopuTeTy (auB. Ta0a. 1) — 11e CBIAYUTH PO MEPIOTUYHE TIEPEPUBAHHS
B TMpUNMaHHI CUTHAIY IM(GPOBOro TENEBI3IMHOTO MOBJICHHA Ta, B MPUHIMIL, €
IOPUIYCTUMHUM ¥ Taka KUTbKICTh MOMWIOK € MOporoBoro. OJHAaK 3a HaBITh HE3HAYHOTO
MIEPEBUIIEHHS I[LOTO MMOPOTY Mae OyTH MPOBEIEHO eTANLHUN aHalli3 B HANPSIMKY
BUSIBJICHHS] MOYKJIMBHX TIPUYHH MOSBU TIOMUJIOK ITHOTO THITY.

JIJis1 TOMUJIOK MEPIIOro MPIOPUTETY MOPOTOBI 3HAYECHHS € JIEIIO IHIINMH - HAasIBHICTb

npu6mmzHo 8.2-10° momunok npiopurery 1.4 cBimumth npo Bemuumny BER >1-107°) a
npunyctuMuM € npudauszno 10-50 momunok (quB. TabI.).

binbma mpumyctuma (moporoBa) KUIBKICTh TOMUJIOK B OCTAaHHROMY BHIIQJIKy HE
CBIUUTH TMPO MEHIIY IX Ba)JIMBICTh MiJ Yac OIIHKHU SKOCTI ()YHKI[IOHYBaHHS CITY>KOH
U(GpPOBOTO TENEBI3IMHOTO MOBJICHHS — HASBHICTb IOMHWJIOK TMEpPIIOTO Ta APYroro
MPIOPUTETIB MPUBOJATH O PI3HUX HACHIJIKIB MiJl Yac BIJHOBJICHHS MPOTPAMHOTO Ta/du
TPAHCHOPTHOTO MOTOKIB. BB TOro HEOOXIAHO 3a3HAYMTH, IO HE3HAUYHE NEPEBUIICHHS
MOPOTY II0A0 KUTBKOCTI MOMMJIOK MPIOpUTETY 1 HaOUIbLI BIPOTIAHO OyJ€ MPU3BOIUTH 10
HEMOXKJIUBOCTI Oy/Ib-AKO1 YCHIIITHOT OOpOOKH 0araTornporpaMmHOro TPaHCIOPTHOTO MOTOKY
B3araii (TOOTO ycCiX MOTOKIB OJHOYACHO) B TOW Yac SK MPU AHAJOTIYHIM CUTYyaIi Juis
MOMWJIOK TPIOPUTETY 2 — JIMIIE JO HEMOXJIMBOCTI JEKOAYBaHHSA MEBHUX MPOTPAMHUX
MOTOKIB 200 iX OKpEMUX €JIeMEHTapHUX MOTOKIB.

[Tomunku npioputeTy 3 HE MOXKYTh OyTH BUKOPUCTAHO ISl ONIEPATUBHOTO BUSIBJICHHS
CYTTE€BOIO TOTIPIICHHS SKOCTI MpuiiMaHHsA a00 (yHKIIIOHYBaHHA MeEpexi IUPPOBOro
TeJeBI31iiHOrO MOBJICHHS. [le BUKITMKAaHO THUM, IO HA MPOTS31 MPAKTUYHO BCHOTO 1HTEPBATY
CIIOCTEPEKEHHS [UIsl BCIX TPAHCIOPTHUX MOTOKIB MOMMJIKH IIbOTO MPIOPUTETY OyiH
BIJICYTHI.
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Tabnuusg — CtaTucTUKa BUHUKHEHHS MOMUJIOK PI3HUX MPIOPUTETIB

ITapameTp \ 3HaYCHHS
MutTteBa mOpOroBa KuUIbKICTh MOMIJIOK BIJIITOBITHOTO MPIOPUTETY
Haszga TS France TNT DVBT2 Lux
BER 1-10°° 1-10° 1-10°° 1-10° 1-10°° 1.107° 1-10°° 1-107°
npiopurer 1.4 | 658 5 2574 20 1685 16 1433 0
npioputet 1.3 | 2 16 1 0 3 0 6 0
npioputet 1.1 | 6 0 11 0 9 0 14 0
npioputet 2.1 | 50 2 361 3 96 3 97 0
npioputer 2.2 |1 0 2 0 4 0 12 0
npioputer 2.6 |1 0 2 0 4 0 0 0
KyMynsTrBHA OpOroBa KUIbKICTh TOMIJIOK BiJIITOBITHOTO MPIOPUTETY

npioputet 1.4 | 3243 10 12404 59 11956 39 5395 0
npioputet 1.3 3 16 4 0 10 0 13 0
npioputeT 1.1 16 0 40 0 49 0 41 0
npiopurer 2.1 295 2 1663 7 640 5 355 0
npiopurer 2.2 1 0 7 0 2 0 38 0
npioputeT 2.6 1 0 6 0 2 0 0 0

SIKI0 K TOBOPHUTH TMPO MUTTEBI MOPOTOBI KIIBKOCTI MOMMIIOK, TO B CEPEIHBOMY
MPUITYCTUMHM JUIS IOMHJIOK TIEPUIOTo MpiopUTeTy € 5-20 MOMUIOK 32 OIMHUYHUN 1HTepBal
CIIOCTEPEKEHHS, a Ui APYroro mpiopurery — 2-3 mOMWIOK. 3a IUX 3Ha4eHb He Oyne
CIIOCTEPITaTUCh CYTTEBOTO TMOTIPIICHHS CIOPUHAMAHOI SKOCTI 300pakeHHS Ta TIPOSB
noporoBoro edekty Oyzae BiICyTHIN JOCUTh TPUBAJIMIA Yac.

BucHoBku

MOHITOPUHT TEXHIYHOI SKOCTI (PYHKI[IOHYBAHHSI MEPEXi MUPPOBOrO TENEBI3IHHOTO
MOBJICHHSI € HEBIJl'€MHOIO CKJIQJIOBOIO TE€XHIUHOI ekcrutyaranii. OCHOBHOIO 3aJayelo, 10
Mae OyTH BUPILIECHO MiJ 4aC MOHITOPHUHIY, € ONEpPAaTUBHE BUSBJICHHS MOPYIIEHb B POOOTI
BY3JIIB Mepexi Ta/abo cBoeuacHe TepenOadeHHs] BUHUKHEHHS HecnpaBHOCTed. OMHaK 11
3a/ja4ya yCKJIQJHIOETHCSI BHACTIIOK HAsSBHOCTI OyAb-SIKHX HOPM Ha MPHUITYCTUMY BEITUYHHY
MOMMJIOK, 1110 MOXYTh BUHUKATH B TPAHCIIOPTHOMY MHOTOILII M1/l YaC PO3MOLTY HEPBUHHOIO
Ta/ab0 BTOPHHHOIO MepekamMu IT(PpoBOro TeyeBi3iitHOro MoBiieHHS. CaMe BUPIIICHHIO €T
mpoOJIeMH i IPUCBAYCHO 110 CTATTIO. B mporieci AochipKeHb, pe3yabTaTH SKUX MPUBEICHO
B IIiil cTaTTi, MOOY/IOBAaHO MaTeMAaTUYHY MOJENb HACKPi3HOTO TpakTy cucremMu DVB-T2,
JAHO OIIIHKY CTATHCTHIIl BUHUKHEHHS MOMMWJIOK PI3HUX MPIOPUTETIB B TPAHCHOPTHUX
MOTOKIB 3 PI3HOIO CTPYKTYPOIO, BCTAHOBJIEHO 3B'I30K MK KUJIBKICHUMHU TOKa3HHUKaMH Ta
cy0’€KTUBHOIO SIKICTIO JIEKOJOBAHOTO 300pa)KE€HHS, BU3HAYEHO MPUITYCTUMI PIBHI TOMUJIOK
PI3HUX MPIOPUTETIB 3 JCTAIBHUM aHATI30M iX KPUTHUYHOCTI 1O BIAHOIICHHIO O BUCIIIHOL
TeXHIYHOI sKocTi. OTpuMaHi pe3ylabTaTh MOXYTh OyTH BHUKOPHUCTaHI Mg dac
cepTUPIKaLIMHUX, MyCKO-HAJIAroUKyBaIbHUX pOOIT Ta TMpPH MPOBEAEHHI MOTOYHUX
BUMIPIOBaHb B MPOIIEC] TEXHIYHOI EKCILTyaTallii, a TAaKoX 1] Yac HAyKOBUX JOCIIKCHb B
HanpsMKy MOJAJbUIOrO MiJBULICHHS €(QEKTUBHOCTI CHCTEM MOHITOPUHTY  SIKOCTI
(GyHKLIOHYBaHHS Mepex IudpoBoro MoBJIeHHS B crangapti DVB-T2 wHa piBHI
TpaHcnopTHOTO MoToky MPEG-2.

Cnucok Jireparypu: 1. Dominique Méry The challenge of QoS for digital television services/
Dominique Méry, Dominique Cansell, Cyril Proch, Denis Abraham, Patrick Ditsch// EBU Technical
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Cy0’€KTMBHO-CTATUCTHYHA OI[IHKA TeXHIYHOI sikocTi podoru cucremu DVB-T2 Ha piBHi
TpancnopTHoro noroky / B.b. Baasap // Bichuk HTY «XIII». Cepis: HoBi pimeHHs B CydacHUX
texHonorisax. — X: HTY «XIII», — 2013. - Ne 11 (985). — C. 53-64. — bi6miorp.: 7 Ha3B.

B crathe mpencraBiieHBl pe3yiabTaThl CYOBEKTUBHO-CTATHCTUYECKOW OICHKH TEXHHYECKOTO
KauecTBa padoTsl cuctemMbl DVB-T2 npu npoBezenun ee Ha ypoBHE TpaHcnopTHoro noroka MPEG-2 B
pasHBIX YCIOBHUSX IMPHEMa CUTHAIOB HU(POBOTO TEICBH3MOHHOTO BemlaHus. [IpoBeneH AeTanbHBIHA
aHallM3 TOCJEICTBUN YXYALICHUS YCIOBHI NpHeMa Ha YpPOBHE TPAHCIOPTHOTO MOTOKA C yYETOM
OTJIMYHMNA B €Tr0 CTPYKTYpPE M MPEIUIOKEHBI BO3MOXKHBIC TEXHHYECKHE PEIICHUS IO MOBBIIICHUIO
ornepaTUBHOCTH U 3(P(HEKTUBHOCTH CHUCTEMbl MOHHMTOPHHra KayecTBa paboThl ceTh UHU(pPOBOro
BEIIaHUSI.

Kirouebie cioBa: DVB-T2, MPEG-2 TS, usmepenusi, npuopuTeT OMINOKH, CYOBEKTUBHOE
yxynmenue, Matlab.

In article the results of subjective-statistical estimation of DVB-T2 technical operational quality
on MPEG-2 transport stream in different reception conditions of digital television broadcasting are
presented. Detail analysis of receiving condition degradation on transport stream level with
consideration its structure is conducted. Possible technical solutions on increasing of operability and
efficiency for monitoring system of operation quality of digital broadcasting networks are proposed.

Keywords: DVB-T2, MPEG-2 TS, measurements, error priority, subjective degradation, Matlab.
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MOJAEJIUPOBAHUE IIPOHECCA BbIBOPA CYC IJIAA _
PA3PABOTKHYJAJEHHOU THOOPMAIIMOHHOU AHAJTUTUYECKOH
N3JATEJIBCKOU CUCTEMBI

B crathe Mozenupyercs nporiecc BeiOopa cucteMy ynpasieHus coaepxkumbeiM (CYC) i pazpaboTku
Ha e€¢ 0a3e ynan€HHON MHOpPMaIMOHHON aHanuTHyeckoi m3narenbckoit cuctemsl (YUAUC). Beibop
0a3upyeTrcsi Ha OCHOBAHMU JBYX IMKJIOB YIPaBJIECHUS IPOLECCOM OIpe/eseHUs] Hanbosiee BaKHbBIX
KpUTEpUATbHBIX TPYII U HMX OJJIEMEHTHOTO COCTaBa C BO3MOXHOCTBIO YCEUEHHUS DIIEMEHTOB,
SABJIAIOIINXCSI HU3KOIPUOPUTETHBIMH.

KiloueBble cJjioBa: CHCTEMY YIPaBICHUS COJEPKUMBIM, yaaid€HHas HWH(OpMalMOHHAs
aHaJMTHYeCcKas M3/JaTeNbCcKasg CUCTeMa, NoJaurpaduueckoe MNpeanpusTHe, MeToJa o0paboTKH
AKCIIEPTHON MHPOPMAIIH, TEOPUs CTATUCTUKH.
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