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Table 1.1 - H264 / AVC Image Compression Capabilities

Application scenario Resolution and frame rate Transmission speed, kbps
Mobile content 176x144, 10-15 frame/s 50-60
Interet / Standard Definition 640x480, 24 frame /s 1000-2000
High definition 1280x720, 24p 5000-6000
Full high definition 1920x1080, 24p 7000-8000

In a number of European countries, a large number of transmission networks based on MPEG2
technology are currently deployed and operate. In such publicly accessible digital TV broadcasting
networks with the set-top boxes and MPEG-2 decoders already installed, the transition to the H.264/AVC
standard will be difficult for many years, while the existing MPEG-2 set-top boxes are actively used.

In addition, this will also impede the implementation of HDTV in the H.264/AVC standard. Possible
alternatives: reloading new H.264/AVC decoding software, installing additional modules (decoding or
converting standards) in the set-top boxes. The mildest alternative to replacing the MPEG-2 set-top boxes
is the duplication of digital TV broadcasting in the MPEG-2 and H.264/AVC standards, but this is only
possible if there are free radio frequencies released as the analog broadcast is turned off.

In paid digital TV broadcast networks, the situation is very different. In this case, broadcasters can
coordinate the updating of decoders of their subscribers. But for financial reasons, this transfer can only
begin after depreciation of the initial paid equipment, i.e. a few years after putting it into operation.

In all cases, users should be given full clarity regarding the prospects of the development of digital
broadcasting and the possibilities of using the equipment.

Therefore, in order to minimize the cost of viewers during the first few years, without slowing down
the implementation of HDTYV, the digital set-top boxes offered to the population should have the options
necessary to receive both current and future services, i.e., first of all, they must support the H.264/AVC
standard, for standard definition television (HDTV) and high definition (HDTV).

The use of H.264 / AVC encoders in window devices currently requires the use of digital TV program
transmission systems (SDTV and HDTV) in the ADSL standard with a bandwidth of 4 ... 6 Mbit / s.

It is believed that modern ADSL modems-decoders should support decoding in MPEG-2 and
H.264/AVC standards using the same software, which will eliminate the complexity of the transition from
MPEG-2 to H.264/AVC.

It should be borne in mind that when deploying mobile television networks of the DVB-H standard,
all ongoing development and experiments are based on the H.264/AVC standard, as a more effective one.

Principles of building digital terrestrial television broadcasting systems in the H.264/MPEG-4 AVC
standard.

Currently, there is an increased interest in encoding and digital broadcasting of TV programs in the
H.264/MPEG-4 AVC standard in the world.

It is known that in the world there are also a number of proposals and experiments conducted on the
use of the H.264/MPEG-4 standard instead of the MPEG-2 standard for encoding standard definition
TV images.

In this regard, digital TV broadcasting systems that use the H.264/MPEG-4 AVC compression
algorithm have certain development prospects. In such systems, the transmission of high-definition
TV programs (HDTV) and an increased number of standard-definition programs is possible, which allows
the audience to provide new services and make better use of the frequency resource. When switching to
digital TV broadcasting, it is necessary to take into account all aspects of digital broadcasting of
TV programs in the H.264/MPEG-4 AVC standard as an alternative to the MPEG-2 standard.

The transition to digital TV broadcasting is preferably carried out at the level of individual regions as
they become available. You can, as an example, propose a distribution and broadcasting scheme for digital
TV programs for a single region with a family number of about 300-350 thousand. The general idea is that
the central program block is distributed via satellite channels in MPEG-2 format (which is most often the
case at present).

But in the regional center these programs are converted to MPEG-4 format and multiplexed with
other regional programs (both high and standard definition), originally encoded in MPEG-4 format. In
principle, depending on the available resources, several digital multiplexes in MPEG-4 may be formed in
the region, including high-definition and standard-definition programs. Then these multiplexes should be
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distributed to the population on digital terrestrial and cable TV broadcasting networks. The transmitters of
the regional single-frequency network of digital TV broadcasting can be downloaded via satellite channels
(as shown in the diagram) or via fiber optic cables.

At the same time, it should be noted that in order to improve the quality of the final image received by
the consumer, it is advisable to avoid re-compression of previously compressed digital signals, or, if
possible, reduce the number of nodes in the distribution network of programs in which such compression
occurs.

Under these conditions, it is advisable, given the technical ability, to build the entire program delivery
network based on H.264/MPEG-4 AVC. In the absence of such a possibility, an alternative may be the use
of optimized encoders that re-compress MPEG2-MPEG4 with minimal loss of image quality [1].

When using any compression methods for TV programs, quality is an important issue. Both MPEG2
and H.264/MPEG-4 are lossy compression technologies. This means that once lost due to compression,
the image details cannot be restored. Modern compression technologies make it possible to achieve very
high rates of decreasing the speed of the digital stream, but at the same time you can get an image that is
significantly inferior in quality to the image of an analog TV under good reception conditions, especially
for dynamic scenes.

Therefore, it is important to standardize the minimum bit rate for transmitting a standard quality
program (SDTV) in both MPEG2 and MPEG4 standards. Practical experiments with the currently
available encoder models show that to ensure high-quality broadcasting of one TV program in SDTV in
the H.264/MPEG-4 standard, at least 2.5 Mbit/s is required, and in the MPEG2 standard - 4.5 Mbit/s.
Using statistical multiplexing with a variable signal coding rate (VBR) allows this value to be slightly
reduced without loss of quality, but only with careful equipment setup [2].

Thus, the introduction of H.264/MPEG-4 compression technology will increase the number of
transmitted programs within a single multiplex (with a fixed reception of 64 QAM, 24 Mbps) from 4-5 to
9-10 programs of standard quality. Currently, in most cities the number of received analog TV programs
does not exceed 10.

Thus, the use of modemn equipment and technologies based on MPEG4 will make it possible to
duplicate all programs accepted by the population using one multiplex, which will not only save the
frequency resource, but also open the way to a two-step transition model from analog to digital
broadcasting. At the same time, the first step within the region ensures the broadcasting of all
TV programs in digital format, and the second step (after the distribution of digital set-top boxes among
the population).

Switching to HDTV is facilitated if the receivers support all H.264/MPEG-4 profiles up to
1920=1080, 24/25p. In order to ensure the transition to HDTV, it is advisable to distribute only TV set-top
boxes in the regions that allow receiving HDTV in the MPEG4 standard. In this case, it will be possible to
transmit up to 3 HDTV programs in one multiplexed channel, and with the development of compression
technologies, possibly more.

Recommendations for using the MPEG-4 compression standard may be as follows:

a) the use of a more advanced compression standard H.264/MPEG-4 can significantly increase the
efficiency of use of the radio frequency resource and facilitate the transition to digital broadcasting;

b) when using equipment that supports H. 264/MPEG-4, a painless transition from standard definition
television to high-definition television can be made without the need for additional costs from the user;

¢) the transition to the technology of effective video compression is an objective necessity and is
inevitable in the future, even if it is postponed at present. It is advisable for RCC countries that do not
have a large fleet of MPEG2 receiving equipment use MPEG4 when introducing NCTV.

From the above we can see the superiority of the digital standard DVB-T over ATSC. Due to the fact
that each of the sub-channels is narrow-band in COFDM modulation, the influence of reflected signals
during multi-path reception is reduced. Which can not be said about the modulation of 8§VSB standard
ATSC [3.4].

Table 1.2 shows the main technological capabilities of the two compression standards described
above.
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Table 1.2 - Comparison of MPEG2 and MPEG4 Standards

Parameters MPEG-2 MPEG-4
Mode of operation 8K 64 QAM 5/6 1/8 27,65 Mbp/s 8K 64 QAM 5/6 1/8 27,65 Mbyp/s
Mode of transmission without statistical multiplexing without statistical multiplexing
Information speed on 1 TV channel 5 Mbp/s 2 Mbp/s
Number of channels in one package 5 13
Number of channels in three packages 15 39
Mode of transmission with statistical multiplexing with statistical multiplexing
Information speed on 1 TV channel 3.5 Mbp/s 1,8 Mbp/s
Number of channels in one package 7 15
Number of channels in three packages 21 45
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TEJEBHU3UAJBIK KECKIH BEPY YIIIH CbIFBIMJIAY CTAHAAPTBIH TAHAAY

Annoramusi. MPEG-4 Visual sxone H.264 chiFpIMaay cTaHmapTTapsl maiaa OOTFAHABIKTAH, Ka3ipri yaKsITTa
MPEG-2 chiFbIMAay CTAaHIAPTHIHBIH POJIi TOMCHACH KOWFAH JKOK, OHTKEHI Oy CTaHAAapTTap, 9Cipece, aKmaparThIK
MATHCTpaJdbIApPMCH Viimece Tycemi. byrimme Oipkarap emaepac MPV-2 CeFpIMaay CTaHTAPTHI 3(PHUPIIK CAHIBIK
Teneauaap xykecinin DVB-T »yMbIChIHA HETI3IenTeH, Xabap Taparyga 6acThl OPbIH Al Ibl.

Kazipri yakpITTa KOJIAHBICTAFBl A00HCHTTIK TipkeMenepaiH kemmimiri (STB) kemminiri MPEG-2 craHmapTeH
KOJNTANTHIHIBIKTAH, OIPHCMIC KBLT OOMBI KCH TAPAJIBI KCITI.

ITU-T H.264/MPEG-4 AVC 10-0emiri (H.264/AVC KpICKa) — ayaMOBH3YAIIbl AKMAPATTHI KOATAY MCH
CBIFBIMIAY IBTH JKaHA TEXHOJOTHACHL. H.264/AVC cTaHmAPTHIHBIH CHIFBUTY THIMALUTTI OipacH kepy KaOineTke ue
MPEG-2 crangapteHan xkorapsl. H.264/AVC craHAapThl Tapaty >KYHENCPiHiH KoK Ka0AThIHAH O6JICK MKACAIFAH.
Congpikran H.264/AVC craHmapTeIHAAFbl aKIMApPATTBHI JKETKI3y KE3-KEITEH KOJIAHBICTAFhl TApary >KYHENepiH,
conblH iminge, IP mporokonsr Oap skydexepai (areiH Oepyxai koca), MPEG-2 craHmapTsIHIarel xabap TapaTty
JKYHENepiHiH KOJiK arbIHbIH, COHAAH-aK HAKTHI (opMarrapapl maifganaHy apKbLIbl >KY3ere achIPBUIYBI MYMKiH.
H.264 / AVC (aitnmapsl cepBepac CakTayFa )KOHEC OHICYTC apHAIFAH.

Ocpmatima kosmansictarbl MPEG-2 canmpik Tenmexabap Tapary xkeminepi H.264/AVC Garmapnamanapbia
MAHmATaHYIOBIIAPFA TIKCICH TapaTyFa >kKapamMabl opi CaHBl MYJBTHIUICKCTa KeOipex Oomamel H.264/AVC
CTAHAAPTHIHIA Xa0ap TapaTyfa aybiCy YIIIH CAHABIK CTYIHSAIAP MCH aOOHCHTTIK KAOBIIAAFBINT JACKOACPI CHIHIBI
TEPMHUHAIIBI KAOABIKTHI XAIBIKAPAIBIK CTAHAAPTTAY KaKeT. Kok aFbIHBIHBIH OTKI3Y KOJJAPBIHA OaFIapiaaMalIbIk
aKmaparrapapl ACKOATAY SKOHE CBHIFBIMIAY OICPALISIAPHI OPBIHAANATHIH CTATHCTHKANIBIK MYJIbTHILICKCOPIAPIIBI
H.264/AVC cranmapteiHa Koamay kepcery kepek. H.264/AVC CTaHmApTBIHBIH aApPTHIKIIBLIBIFBL, CYPET CAMachl
Oipaeit 6onca, H.264/AVC cranmaptet MPEG-2-r¢ KaparaHna CaHIBIK OWT KBLITAMIBIFBIHBIH KAPTHICHIH KAKCT
ereni. byn cranmaprrer Tenexumap Oaraapmamanapseabie (SDTV) cansiH kedelityre Hemece HDTV Oarmapnama-
JAPBIH TAPATYFA MYMKIHAIK Oepei.

Tyiiin ce3aep: CTAHIAPTTHL, TCICIUAAPIIBIK CAHABIK Xa0ap Tapaty, KoAeK, curHam, IP mpoToko.
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BbIBOP CTAHJIAPTA KOMIIPECCHUH NPU TEPEJAYE
TEJEBU3NOHHOI'O H30BPAKEHUA

Annoramusa. C mossicHueM ctaHmaptoB Cokatusd MPEG-4 Visual m H.264 poms craHmapra KOMIPECCHH
MPEG-2 B HacTosImee BpeMs HE YMECHBIINIIACH, TAK KAK JAHHBIC CTAHAAPTH BO MHOTOM COBMECTHMBI, OCOOCHHO 3TO
OTHOCHUTCS K MH(OpMAIMOHHBIM MarucTpamsiM. Ha ceroaus B psae crpas crasaapt cxarust MPEG-2 sBisercs ama
BCIIAHUA (DAKTHUCCKH OCHOBHBIM, HA (JYHKIMOHHPOBAHHH KOTOPOTO OCHOBAHBI pa0OTa HA3EMHBIX CHCTEM
mudposoro renepuaeHna DVB-T.
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Benencreue 1010, UTO OONMBIIMHCTBO HCIIONB3YEMBIX HBIHE aDOHEHTCKHX mpucraBok (STB) momnepskusaror
craamapr MPEG-2, o, 1o kpaliHEH Mepe, B TCUCHHEC HECKOJBKHX IOCICAYIOIIMX JIET OCTAHETCS IMHPOKO
PacIpoOCTPAHCHHBIM.

Cranpapr ITU-T H.264/MPEG-4 Part 10 AVC (coxpamenrno — H.264/AVC) aBasgeTca HOBOW NMCPCIICKTHBHOM
TEXHOJIOTHCH KOJWPOBAHUSA W CKaTwsl ayauoBH3yaldbHOH uH(popMmanmmm. I(QPEKTHBHOCTh CXATHS CTAaHIAPTA
H.264/AVC sBbime, yem crangapra MPEG-2 mpu paBHOM Bu3yampHOM Bocmpmatuu. Crarmapr H.264/AVC 6bin
pa3paboTaH KAk HE3aBHCHUMBIH OT TPAHCIIOPTHOTO YPOBHS HCHOJB3YEMBIX CHCTEM meperadn. [1osTomy aocTraBka
wH(popManuu B craHaapre H.264/AVC MOxeT OCYIICCTBIATHCA MO JTFOOBIM ICHCTBYIOIMUM CHCTEMAM TCPCIAYH U
BEIAHUS, BKIIOYAs CUCTEMBI ¢ [P-mpoTokogamMu (B TOM YHCJIE A MOTOKOBOM JOCTABKH), TPAHCIIOPTHBIE MOTOKH
cucreM Bemanus B crangapre MPEG-2, a tawke criemuduaeckue gopmarst dainos H.264/AVC nas ux XpaHeHHs 0
00paboTKH Ha cepBepax.

Taxum 00paszom, cymecTsyromue cetn nudposoro TB-pemanns ctangapra MPEG-2 HanpsAaMy o moaxoasT s
MICPSIAYH TOTB30BATCIIM TIporpamMuM B ctangapte H.264/AVC, YuCio KOTOPBIX B MYIBTHILICKCE Oy ACT OOIBIIC.

Jns mepexona Ha Bemanme B cranmapre H.264/AVC tpebyercs crangapruzaiys Ha MEXIyHApOJIHOM YPOBHE
OKOHEYHOTO O0OpPYJOBAaHM: IH(POBBIX CTYAMH M ACKOJCPOB A0OHEHTCKUX MPHEMHHUKOB. [IsI TPAKTOB mepenadn
TPAHCMIOPTHBIX TOTOKOB MOTpeOyerca creumuiaeckas moamepikka crangapra H.264/AVC craTHCTHYCCKMMHA
MYJIBTHILUICKCOPAMH, B KOTOPBIX IPOM3BOAATCS OICPALMM JACKOAMPOBAHUS M CXATHA HHPOPMALWH IPOTPaMM.
IMpenmymectea cranmapra H.264/AVC. Ilpn ogmHakoBoM KadecTse m3o0paxkeHus cranaapt H.264/AVC tpebyer
TPUMEPHO BIBOE MEHBIIEH CKOPOCTH Hu(poBOoTO moToka, veM MPEG-2. 310 mo3BossieT b0 yBemmuuTh ynucio TB
mporpaMM CTaHgapTHOH yeTkocTd (SDTV), mubo ocymecTBars nepeaady mporpamm TBU (HDTV).

Kimouessie ciioBa: cranmapr, mudposoe TB-semanue, koaek, curaai, IP-mpoTokour.
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