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2. Influence of impairments in digital television broadcasting paths on their functioning technical quality

Pedepar:

1. O6’exT — npouec GyHKIIOHYBaHHS TPAKTy cucTeM L@ poBoro HazeMHOro TB MoByieHHs B cranmaprax DVB-
T/DVB-T2 32 0KpeMOro Ta CyMiCHOTO BIJIUBY CIIOTBOPEHb Pi3HUX TUIIiB. MeTa — BCTAHOBJIEHHS 3B's13Ky TEXHIUHOI
SKOCTi po60TU TpakKTiB cucteM Lu@ppoBoro TB MOBIEHHS 3 PiBHSIMU OOMHOYHUX Ta KOMOIHOBAaHUX CIIOTBOPEHD Ha
piBHsx PY curnasy, TpaHCIOPTHOTO Ta BifleONOTOKIB 3 PO3POOKOI0 MPOMNO3ULiii [0I0 TEXHIYHUX HOPM Ha
IapaMeTpHy, 1O MiJISAraloTh KOHTPOJIIO. MeTOAM NOCIiIKEH-Hs: METOAM MaTEeMaTU4YHOI CTAaTUCTHUKH,
MaTeMaTU4YHOIO MOJEJIOBAHHS, CUCTEMHOIO aHaJIi3y, MaTeMaTUYHOI iHTepIpeTalii eKC-IepUMEHTaIbHUX JAHUX,
METOJY OLiHKU CIIOTBOPEHD B TPAKTAX UU(PPOBUX CUCTEM Ta 00'€KTUBHOI OLIIHKHU SIKOCTi 306paxkeHHs1. TeopeTuyHi i
[IPaKTUYHi pe3yabTaTy: I00Y0BaHO Kiacudikallilo MeTOMiB KOHTPOJIIO TEXHIYHOI SIKOCTi po6OTH crucTeM Lud-
poBoro TB MoBjieHHs1, 6a30BaHy Ha 3aCTOCYBaHHi 6araTopiBHeBoro niaxony. HazaHo onjiHKy noripuieHHs TexHiYHO]
aKocrti po6otu cucrem DVB-T/ DVB-T2 3a BrmMBYy OHOYaCHOTO Ta KOMGIHOBAHOTO BILJIMBY PaZlio4aCTOTHUX
CIIOTBOPEHD Pi3HUX TUMIB. PO3p006JIEHO TEXHIYHI HOPMH Ha PiBEHb CIIOTBOPEHD Ta TEXHIYHI PillIEHHS W00

MmiHimizanii HeratuHOro BBy PYU crioTBopeHs 6e3 ycKaagHeHHs npuiiMada nudposoro tesebadeHHs. HagaHo



OLIiHKM TeXHIYHil KoCTi po6oTu cay>xk6u 1udposoro TB MOBJIEHHS Ha PiBHI TPAaHCIIOPTHOIO IOTOKY 151 Pi3HUX
iAXOMiB 1O MOHITOPUHTIY 3 BCTAHOBJIEHHSIM 3B'$I3KY MIJK 4aCOBMMU IIOKa3HUKAMU Ta Cy6'€KTUBHOIO OLIiHKOIO SIKOCTi
poboTu Tpakry. [lobynoBaHo kiacugikallito ClIOTBOpPeHb Ha piBHi BifeonoToky MPEG 3a nepefaBaHHs yepe3 TPaKTu
cucreMm nudposoro TB MoBeHHs. HajaHO OLIiHKY CTPYKTYPHUM Ta iHIIMM CIIOTBOPEHHSIM B KaHAJIi MOBJIEHHSI 3
BUKOPUCTAHHSM 3allPOIIOHOBAHUX HAOOPIB NapaMeTpiB, 110 XapaKTePU3YIOTh CTYIiHb CIIOTBOPEHb BiZl€OIIOTOKY
MPEG B nnpocTOpOBii1 Ta 4acoBiil 06J1aCTsX, 32 Pi3HUX IapaMeTpiB KoJlyBaHHS BieomnocuigoBHocTell. Po3pobaeHo
TeXHiYHi pillleHHs o0 peaisalii cucTeMN MOHITOPUHIY TPakTy uu@posoro TB MOBjIEHHS Ha PiBHI BilEONIOTOKY,
0a30BaHMX Ha BUKOPUCTaHHI METPUK 00’ €KTUBHOI OLIHKHU SIKOCTi Ta MipU CTPYKTYPHUX CIIOTBOpPeHb. HaykoBa
HOBU3HA: BIIEPIIIe 3aIPOIIOHOBAHO KIacuiKallifo MeTOiB KOHTPOJIIO TEXHIYHOI IKOCTi POOOTH TPAKTiB IIU(PPOBOTO
TB MOBJIEHHS 3 3aCTOCYBaHHSIM 6araTopiBHEBOro Mifxoy. Briepiie oTpMMaHO KijbKiCHi Ta SIKiCHI OLIiHKM OKPEMOTO
Ta CYMiCHOTO BIUIMBY aIUTUBHOTO 01/10r0 rayciscbkoro mymy (ABT'II) Ta KBagpaTypHUX CIIOTBOPEHD, @ TaKOXK ABI'III
Ta (pa3oBOro IYMY Ha TEXHIUHY SIKiCTb po60TH TPaKTiB cucTem DVB-T / DVB-T2 3 popmy1t0BaHHSM IIPOIO3ULIiI
IOJI0 TEXHIYHUX HOPM Ha NNPUITYCTUMUI PiBEHb CIIOTBOPEHB. Briepiie 0TpMMaHO KiJIbKiCHi OLIiHKY CIIOTBOPEHD B
TPaHCIIOPTHOMY IMOTOIIi Ta BifITIOBIAHUX [TOPYLIEHb B POOOTI Ci1y>k6U 1jppoBoro TB MOBJIEHHS 3 BCTAHOBJIEHHSIM
3B'I3KYy MiXK ITOKa3HUKaMU SIKOCTi (PYHKILIOHYBaHHS Ta Cy6'€KTUBHOIO SIKICTIO €KO[I0BAHOI BiJI€ONOCIIiJOBHOCTI.
Briepie no6y-poBaHo kiacu@ikaliiio Ta OLiHeHO BILJIMB PaliouaCTOTHUX CIIOTBOPEHb CUTHAJIIB ayioBi3yalbHUX
CIIy>K0, 110 BUHUKAIOTh IIPY PO3IO/Lijli IPOrpaM MOBJIEHHS, HA SIKICTh JE€KOYBAHHS CUTHAJIy 300pa’kKE€HHS B
npurMadi 3a pisHUX KOH(QIrypaui nifacucTeMy BileOKOAYBaHHS 3 PO3POOJIEHHSIM NPOIIO3ULLii MO0 NapaMeTpiB,
110 Mae OyTH 3aCTOCOBAHO IIifl 4aC KOHTPOJIIO TaKMX CIIOTBOPEHb, Ta BiIOBiGHMX KpUTepiiB. OLiHEHO 3aCTOCYBaHHS
METPUK 06’€EKTUBHOI OILIiHKY SIKOCTi JIJisI KOHTPOJIIO TEXHIYHOi IKOCTi po60oTu TpakTiB uridpoBoro TB MoBeHHS 3
METOI0 MiiBUIIeHHS! €e(EeKTUBHOCTI CUCTEMU MOHITOPUHIY B TEPMiHaxX OIEepaTHBHOCTI Ta CIIPOLIEHHS CKJIaIHOCTi
BUSIBJIEHHSI TIOPOTOBOro e(eKTy Ha 300pakeHHi. Pe3ybTaty po60TH BIIPOBAIKEHO B TAKUX Opra-Hizauisx: Ogecbka
HaljjoHasbHA akaaeMmis 383Ky im. O.C. [TonoBa, [lep>kaBHe MiANnpreMCTBO “ YKpaiHChKUT HAyKOBO-JOCHiTHNM
iHCTUTYT papio i TesebayeHHs ", IPOIOHYIOTHCS [JIs1 BUKOPHCTaHHS y HaByajabHOMY npoueci BH3 Ta B MibkHapoaHii
CTaHJapTU3alji.

2. An object is functioning process of digital terrestrial TV broadcasting path in DVB-T /DVB-T2 standards during
individual and combined impact of various impairment types. An objective is to define relationship between
technical quality of digital TV broadcasting paths and levels of single and combined impairments at levels of RF
signal, transport and video streams with the development of proposals for technical norms for the parameters to
be monitored. Research methods: methods of mathematical statistics, mathematical modeling, system analysis,
mathematical interpretation of experimental data, estimation methods of digital system path impairments and
objective assessment of image quality. Theoretical and practical results: classification of methods for monitoring
the technical quality of the digital TV broadcasting system based on a multi-level approach is provided. Estimation
is given to technical quality degradation of the DVB-T / DVB-T2 systems at condition of impact of simultaneous
and combined radio frequency distortion of different types. Technical norms for impairmnet and technical
solutions to minimize the negative impact of RF distortion without complexity icreasing of digital TV receiver are
developed. Estimation is given to technical quality of the digital TV broadcasting service on transport sream level
for different approaches to the monitoring with establishment of the relationship between temporal indicators and
subjective assessment of the quality of the path. Classification of impairments on MPEG video stream level during
transmission via digital TV broadcasting paths are builded. The estimation is given for structural and other
impairments at different video sequences encoding parameters in the broadcast channel with usage the proposed
set of parameters characterizing the degree of MPEG video impairments in spatial and temporal domains.
Technical implemention solution for monitoring system of digital TV broadcasting path at level of video streams
are developed, based on the use of objective metrics for evaluating the quality and structural impairment metrics.
Scientific novelty: Classification of digital TV broadcasting path operation technical quality control methods with
the use of multilevel approach is first proposed. The quantitative and qualitative estimations of separate and
combined influence of Additive White Gaussian Noise (AWGN) and quadrature impairments and also AWGN and
phase noise on technical quality of DVB-T /DVB-T2 systems path operation are firstly obtained and propositions



on technical norms on permissible levels of impairments are formulated. The quantitative estimations of
impairments in a transport stream and corresponding failures in service operation of digital TV broadcasting are
firstly given and relationship between the indexes of operational quality and subjective quality of the decoded
video sequence is established. Classification is firstly built and influence of RF impairments of audiovisual service
signals arising during distribution of the broadcasting programs on quality of image decoding in a receiver at
different configurations of video encoding subsystem is estimated and propositions on parameters, that must be
used during control of such impairments and corresponding criteria are developed. Appliance of objective quality
estimation metrics for technical quality control in digital TV broadcasting with the aim of increase of efficiency of
the monitoring system in terms of operability and reducing of complexity of digital image cliff effect detection is
estimated. The results of studies are implemented in such organizations: the Odessa National Academy of
Telecommunications n.a. A.S. Popov, State Enterprise “ the Ukrainian Scientific Research Institute of Radio and
Television ”, offered for the use in the educational process of the Academy and in international standardization.
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