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PacnpeneneHHble CHCTEMBI yNpaBlICHUs, BBINOJ-
HsroIMe (QYHKIMM MOHUTOPHHIA, KOHTPOJIS U YIIpaB-
JICHUsI TEPPUTOPHAIBHO pacIipeiejeHHBIMU 00beKTa-
MU, IPOCKTHPYIOTCS HAa OCHOBE CETEBOW apXHUTEKTY-
peL. I[Ipu 3TOM HCIIONB3YIOTCSA Pa3HBIE CETEBBIE TOTO-
JIOTHH — IOWHA, KOJBIO, 3BE3Aa, NEPEeBO W IpPYyTHUE.
Hapsimy ¢ TpamuIiOHHBIMH TIPOBOAHBIMH CETSIMH
CTall IIMPOKO TIPUMEHATHCS OECIIpOBOIHBIE CETH, B
MEPBYIO OYEpeb UL TPYTHONOCTYIMHBIX M ITOJIBHXK-
HBIX 00beKTOB [1].

B kimacce OecnipoBOAHBIX ceTeil BCE OOMBINNN HH-
Tepec MPOSIBIIAETCS K CEHCOPHBIM CETSAM, MOCTPOECH-
HBIM Ha OCHOBE OOJIBIIOTO YWCIa MHUHHATIOPHBIX U
JeméBbIX y370B. Kaxaslif y3enm — 3To mporpaMMHO-
annapaTHOE YCTPOWCTBO, conepikaiiee OJIOK aBToO-
HOMHOTO THUTaHUS, TPHEMOIEPENATINK, IIPOILECCOp,
MaMsITh, CCHCOPHI (JaTYMUKU TEMIepaTyphl, JaBICHIUS,
BUOpAINH, OCBEIIEHHOCTH, MECTOIIOIOKCHHUS U JIp.).
HexkoTopeie y31bl HE coepKaT CEHCOPHI W BBITTOIHS-
0T (QYHKIHU PETPaHCIATOPOB WM KOOPAMHATOPOB
ceT. TeppUTOpHANIBHO Y3JbI PacloaraloTcs Apyr oT
nIpyra Ha paccrossHusX 10 100 METpoB M caMOCTOS-
TEJBHO OPTraHU3YyIOTCS B €IUHYIO CETh, Yallle BCETo
SIYECYHOro THMa (Mo00ue PhIOOJOBHOM ceTH). Y3IIbI
B CETH BBINOJHIIOT cOOp M MEPBUYHYIO 00pabOTKY
CEHCOPHBIX JAaHHBIX M IEPECHUIAIOT UX IO IIeNOYKe
IpYT IpYTy, AOCTHTasl y3JIOB KOOPAWHATOPOB (IILITIO-
30B), KOTOpBIE CBSI3aHEI C cepBepoM. TakuM oOpazom,
CEHCOpHAs CETh IIO3BOJISICT YCTAHABJIHMBATH OoJee
TECHOC B3aWMOJICHCTBHE MEXIYy KOMITBIOTEPOM H
peaTbHBIM MHPOM.

Cpenn MHOTHX 3a7ad, CBS3aHHBIX C pa3paboTKOi
TaKHX CeTel, Bcerza MPUCYTCTBYIOT 3a/la4M CTPYKTY-
pHU3aIMy, KOrjla MHOXKECTBO y3JIOB CETH HEO0OXOAUMO
pa3duTh Ha MOJMHOXKECTBA. Y3JIbI KaXKJJOT'O MOJMHO-
JKECTBa CBA3BIBAIOTCA CO CBOMM IIEHTpOM. B ceHcop-
HBIX CeTSX B POJIM TaKUX LIEHTPOB BBICTYMAIOT y3JIBI-
KOOPAMHATOPHI, a I HUX HEHTPaMHU SBISIOTCA cep-
Bepa. 3ajavya pa3OMEHHsT MHOXKECTBa OOBEKTOB C 3a-
JMAHHBIMH KOOpPIMHATAMH pa3MEIICHUS Ha KOMITaKT-
Hble MOJAMHOXECTBa paccMoTpeHa B [2]. Meton pe-
IICHUS] JaHHOW 3aJla4dl OCHOBaH Ha (HOPMHUpPOBAHHHU
KOMIIAaKTHBIX MHOKECTB, C TIOMOIIbI0 KOTOPBIX BBbIE-
JSIFOTCS CKOTIICHUSI 00BeKTOB. OOBEKTHI CKOIUICHHS
COCTaBIISIIOT TIOAMHOKECTBA U MOJKIIFOYAIOTCS K IEH-
Y.

IIpu TakoM moaxojie 0OBEKTHI PacCMATPUBAIOTCS
B KaueCTBE BEPIIMH TOTOJIOTHYECKOTo Trpada, B KOTO-
POM BC€ BEPIIMHBI «CBS3aHBI» MeEXay coboi. Takas
MOJIETb B BHJIE TOJIHOTO rpada Mo OTHOLIEHHUIO K Ce-
TSIM SIBJISIETCS] M30BITOYHOM, T.K. B IPOBOJHBIX CETAX
pEOpa COOTBETCTBYIOT NMPOBO/AM, a B OECITPOBOAHBIX

U CEHCOPHBIX CeTAX pEOpa COOTBETCTBYIOT HATHYHIO
PaaHOCBSI3M MEXIY COCSAHUMH y3iaamu ceTd. [1o3To-
MY B 33/1a4aX CTPYKTYPH3AILMU HA CETSX MOXKET ObITh
HCIIONB30BaHa MOJIETb B3BEIICHHOTO OOBIKHOBEHHOT'O
rpada. Bec peOpa B JaHHOM cirydae MOXKET OTpa)xxaTh
paccTosHHe MeXIy y3JIaMH CceTH, 00BEM HepenaBac-
MBIX JaHHBIX, IIPOITyCKHYIO CIIOCOOHOCTH KaHala |
T.IL

Llenplo cTpyKTypU3aLUM sBISCTCS pa3OHeHHUe
MHOKECTBA y3JIOB B CCTU Ha MOAMHOKECTBA TaK, UYTO-
Obl BHYTPH ITOJIMHOKECTBA y3JIb B3aUMOJICHCTBOBAIN
Oonee WHTEHCHBHO YEM MEXKAY Y3JIaMH, Pacrojo-
JKCHHBIMU B PAa3HBIX MMOJMHOXCCTBAX. 3)160]) MBI UMC-
€M JIeJI0 C M3BECTHOM 3amaucii pa3pesanus rpada Ha
MUHHMAJIBHO cBsi3aHHbie moarpader. Ilupokas wus-
BECTHOCTb JIAHHOH 3a/1au¥l He NaéT MoBoJa Il pajo-
CTH, T.K. XOPOIIMX METOJOB ©€ PEeIICHHUs, 0COOCHHO
IU1st OONBIIMX Pa3MEPHOCTEH, HeT.

Jns pemieHus 3aJadd pa3pe3aHHs B3BEILICHHOTO
rpadba B IOKIAAE INPEATaracTcsi HCIOIb30BaTh d¢-
(exT 000co0IeHHs TOIMHOXKECTB BEPILIMH, chopMu-
POBaHHBIX Ha OCHOBE KOMIIAKTHBIX moarpados. JlaH-
HBIH 3¢ ekt Obu1 oOHapyxeH B pabore [3]. B Heit
MIPEATIOKEH aNrOpUT™M (OPMUPOBAHUSI KOMITAKTHBIX
moarpadoB U MOJTyYeHHsI HAa X OCHOBE HHBAPHAHTOB.

Mopgenb cetu npencrasum rpadom G = (E, U) ¢
MHOxecTBoM BepiimH E = {e},i =1, 2,..., n u MHoO-
xectBoM pédep U = { u;j}. Pebpy U;j = (€, §) cTaBuTCA
B cooTBeTcTBHE Bec Ij > 0. B stom ciyuae rpad G
MOXET OBITH MNPEICTABJICH MaTpuledl BecoB pedep

R=[r].
Kommnaktaocts noarpaga Gs = (Es, Us) rpada G
OyneMm oreHuBath BenmuuHON Kg paBHOIT cymme Be-

coB  pébep U; € ) s-  Ceasnbuii

G =(E*U’), B’ cEq<E'|E'|=0,

HA3vleaemcs KOMNAKmHbIM,

noozpag

eciu 3amena o0ObIX

6eputun U3 MHoIHCcecmea Eg \q Ha eepuiunvl U3
MHOMHCECMBA E\ Eg He npueoz)um K pocmy OUEeHKU

K? i
KomMnakmHocmu i - Taxum O6p2130M, KOMITaKTHBIN

noarpag Gig Bcerna (opmupyeTcss A 3aJaHHOU

BEPIIUHBI € U MOIIHOCTH J.
Oddext 000coOIeHNST TMOAMHOXKECTB BEPIIVH
MOJKHO HAaO0JII0JaTh, €CIM MHOXXECTBO KOMIIAKTHBIX

moarpagos {Glg}, i=12,...,n, BH3YaJILHO O0TOOpa-

3UTh Ha MHOXecTBe BepunH rpada G. Ha puc. 1 npu-
BeaéH npumep rpada G, npeacTaBICHHOTO MaTpPHUIICH
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BecoB R, 1 moka3aHo 0ToOpakeHNe KOMITAKTHBIX TIO/I-

rpagoB Gis Ha MHOecTBe BepiuuH E rpada G. Ilon-
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3 3
mHokecTBa Bepunn E noarpadgos G ma pucyn-
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Puc. 1. IIpumep rpada n oToOpaXkeHHE ero KOMIIAaKTHBIX TOArpadoB G’

06BC,I[6HBI JAHUSAMH, IIOMCUYCHHBIMH BCpIIMHAMHU €,
AT KOTOPBIX MOJYYCHBI COOTBCTCTBYHOIIIMC KOM-

MaKTHBIE mTOArpadel Gi3 .

Ha puc. 1 BugHO, 9TO KOMIAaKTHBIE OATpadb! 00-
pasyloT TpU CKOIUICHWS BepIIMH. [l BBIAEICHHS
CKOIUICHHH, KOTOpBIE MOXKHO pPacCMaTpuBaTh Kak
MOZMHOXECTBA BEPIINH pa3OHEHUS, pElnM 3agady
MOKPBITHST MHOXKECTBA BeplIMH E mommHOXecTBamu

Ejg, j =12...,n. [IpuHagnexHOCTh BEpUIMH €
IMOJIMHOKECTBAM Ejg
A=|a,
€ € E-g, a; =0, ecu € & Ejg. Beeném nepemen-

MPEeICTaBUM  MaTpHIEH

e Onement &; = 1, ecnu BepmmHa

HYy10 X; = 1, eciii IOIMHOKECTBO Ejg BXOJIUT B pellie-

HHC, X] =0B MNPOTUBHOM CJIy4dac.
332[3‘13 TMOKPBITHSA 3aITUIICTCA B BUAC:

D % [K? = min;

j=1

Za,.jx]. >1 i=12,..,n.
=1
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Puc. 2. IIpumep mMaTpuisr A

Ha pucynke 2 mist paccMaTrpuBaeMoro mpuMmepa
rpada npuBeneHa Matpura A. B Hell 3amITpuxoBaHBI
CTOJIONBI, KOTOpBIE TyONHPYIOT OAWH W3 HE3aIITpH-
XOBaHHBIX CTOJIOIIOB M TIO3TOMY MOTYT OBITH HCKIIIO-
YeHBI U3 PacCMOTpeHMs. BHN3Y MaTpuIlbl IpUBEICHEI

OLICHKH KOMIIAKTHOCTH Ki3 COOTBETCTBYIOIINX TTOA-
rpadosB.

Pemenne 3amadm TOKPHITUS A MaTpumel A
BKJIIOYaeT 4 MepBbIX CTOJIONA, KOTOphIe 00ocabinBa-
10T 3 ckoruieHus BepimH. Cronber; 7 okasajics u30bl-
TOYHBIM, YTO XOPOIIO BUAHO U U3 puc. 1. Eciu coctas
CKOIUICHUA, TOJYUYCHHBIX TIOCJI€ PCIICHUA 3alavdu
TMOKPBITUA, HE YIOBJIETBOPACT Tpe6OBaHI/IHM TEXHU-
YEeCKOro 3a/JaHusi Ha pa3paboTKy CeTH, TO COCTaB
CKOIUIEHHH YTOYHSETCS MyTEM OOBEIMHEHHS MEIKUX
CKOIUTeHMH W pa3OueHust kpymnHbiX. IIpm HeobOxomu-
MOCTH (OPMHUPYIOTCSI KOMIIAKTHBIE HOATpadbl Ui
3HaueHMs1 §>3 W, pemas 3a7ady HOKPbITHS, OTpees-
€TCs1 HOBBIM COCTaB CKOIUIEHUH.

CBs13b MCEXIY 3HAYCHUEM BCIMYUHBI g n CTCIC-
HBIO MposiBIeHUs >(dexTa 0060CO0IEeHUS MOAMHO-
’KECTB Pa3HOW MOIIHOCTH II0Ka He ycTaHOBieHa. J[ms
3TOro OyIyT NMPOBEJCHBI JOMOIHHUTEIbHBIE HCCIENO0-
BaHMsl IIOCIE TNPOTPAMMHOM peanu3aluy JaHHOTO
MeTOAa CTPYKTYpH3alMU. 3Aech BaXHO, YTOOBI 3Ha-

uenus g B unrepsane g, < 9 < 0., , Ha KOTOPOM

HOTpe6y€TC§[ OCYHICCTBJIATH IMOUCK CKOHJ’IeHHﬁ, ObLIH
CYIIECTBEHHO MCHBIIIC I[OHYCTPIMOﬁ MOIIIHOCTH IIOO-
MHOKECTB p336I/IGHI/I$I.
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Introduction

Nowadays video services (digital television, Inter-
net video etc.) are a common part of our live. Accord-
ing to Cisco [1] mobile video traffic was 51 percent of
the entire global Internet traffic by the end of 2012
and it is expected to be 66 percent by 2017.

The demand on video and its quality is very high.
Since the appearance of VolP in 1984 video resolu-
tion has increased from QCIF (176x144 pixels) to
Full HD (1920%x1080). Now it is evolving to 4K
(3840x2160) and 8K (7680x4320) UHD. But the
higher the resolution and quality is, the higher bitrate
it takes.

In this paper a general review of new video com-
pression standards HEVC, VP9 and Daala is held and
their compression efficiency is compared.

HEVC

High Efficiency Video Coding is an evolution of
current industrial H.264/AV C standard [2]. AVC was
adopted in 2003 and determined the development of
HD television. HEVC was developed to increase
AVC compression efficiency by two times and en-
dorse the development of UHD systems. HEVC is
expected to replace AVC in newly developed video
systems.

H.265/HEVC [3] is till a block-based DFT codec
with the same general design. One of the main im-
provements is the increase of maximal block (called
Largest Coding Unit - LCU) size from 16x16 to
64x64 pixels. It ams to improve the efficiency of
block partitioning on high resolution video sequences
(bitrate savings are about 16% [4]). Larger blocks
provoke the introduction of quad-tree partitioning
with adaptive block sub-splitting and adaptive predic-
tion units and transform units partitioning.

Additional 25 intra prediction directions were
added to improve intra-frame coding efficiency. Also
there came more motion vector prediction candidates
and several other modifications to improve inter-
frame compression performance.

VP9

Superior video compression efficiency of HEVC
is able to provide network usage savings, which
should be of agreat interest to Google Y ouTube video
service. The development of free-to-use video com-
pression standard with the efficiency comparable to

proprietary HEVC could become financially success-
ful. That came one of the reasons for Google to create
VP9 [5] compression standard.

Google VP9 basically shares common features
with AV C coding like VP8 did. The main evolutional
change is also the increase of largest block (called
'super block') size up to 64x64 pixels and its adaptive
sub-splitting. Motion vector prediction was improved,
unlike intra prediction that still has only 10 modes.

Daala

Unlike HEVC and VP9, Dada[6] is being de-
signed to step aside common video compression tech-
niques. Among the key distinctive features there are
lapped transforms instead of block-based DFT, lifting
pre- and post-filtering instead of deblock filtering,
frequency domain intra prediction, Time/Frequency
Resolution Switching etc.

The development of Daala codec is till in pro-
gress. It is designed patent free and might potentially
become the next generation video codec in 5-10 years
if the novel techniques would prove to be successful.

Comparison results

For comparison purposes open-source implemen-
tations of the reviewed codecs are used. HEVC com-
pression efficiency is measured with HM Test Model.
Verification of coding parameters is done with Ele-
card HEVC Analyzer [7]. For AVC estimation JM
reference encoder and Elecard StreamEye[7] are
used. Both JM and HM tilize rate-distortion optimi-
zation (RDO) techniques to achieve quasi-optimal
correlation between compression rate and quality.
Both encoder implementations are evaluated in “con-
stant quantizer” mode.
Table 1. Test video sequences

Sequence Resolution | Frame-rate, Hz
Basketbal IDrill | 832x480 50
Cactus 1920x1080 50
Traffic 25601600 30

Estimation of VP9 performance is carried out with
the VPX encoder from The WebM Project as it is the
only implementation of this standard. CodecVisa VP9
Analyzer [8] is used for verification of compression
parameters. VPX encoder is configured with “con-
strained quality” mode and limited quantization pa
rameter to emulate “constant quantizer” mode.
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