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Introduction proprietary HEVC could become financially sucges

Nowadays video services (digital television, tate ful. That came one of the reasons for Google to create
net video etc.) are a common part of our live. Adeor VP9 [5] compression standard.
ing to Cisco [1] mobile video traffic was 51 percent of Google VP9 basically shares common features
the entire global Internet traffic by the end of 2012with AVC coding like VP8 did. The main evolutional
and it is expected to be 66 percent by 2017. change is also the increase of largest block (called

The demand on video and its quality is very high.super block') size up to 64x64 pixels and its adaptive
Since the appearance of VoIP in 1984 video resol sub-splitting. Motion vector prediction was improved,
tion has increased from QCIF (176x144 pixels) to  unlike intra prediction that still has only 10 modes.
FullHD (1920x1080). Now it is evolving to 4K

(3840x2160) and 8K (7680x4320) UHD. But the Daala
higher the resolution and quality is, the higher bitrate Unlike HEVC and VP9, Daala [6] is beinged
it takes. signed to step aside common video compressidn tec

In this paper a general review of new videaneo niques. Among the key distinctive features there are
pression standards HEVC, VP9 and Daala is held anldpped transforms instead of block-based DFT, lifting

their compression efficiency is compared. pre- and post-filtering instead of deblock filtering,
frequency domain intra prediction, Time/Frequency
HEVC Resolution Switching etc.

High Efficiency Video Coding is an evolution of The development of Daala codec is still iropr
current industrial H.264/AVC standard [2]. AVC was gress. It is designed patent free and might potentially
adopted in 2003 and determined the development dfecome the next generation video codec in 5-10 years
HD television. HEVC was developed to increaseif the novel techniques would prove to be successful.
AVC compression efficiency by two times and-e
dorse the development of UHD systems. HEVC is Comparison results
expected to replace AVC in newly developed video For comparison purposes open-source impteme
systems. tations of the reviewed codecs are used. HEV@-co

H.265/HEVC [3] is still a block-based DFT codec pression efficiency is measured with HM Test Model.
with the same general design. One of the main i Verification of coding parameters is done witheEl
provements is the increase of maximal block (calledcard HEVC Analyzer [7]. For AVC estimation JM
Largest Coding Unit -LCU) size from 16x16 to  reference encoder and Elecard StreamEye [7] are
64x64 pixels. It aims to improve the efficiency of used. Both JM and HM utilize rate-distortion ogtim
block partitioning on high resolution video sequencegation (RDO) techniques to achieve quasi-optimal
(bitrate savings are about 16% [4]). Larger blockscorrelation between compression rate and quality.
provoke the introduction of quad-tree partitioningBoth encoder implementations are evaluated in “con-
with adaptive block sub-splitting and adaptive pecedi stant quantizer” mode.

tion units and transform units partitioning. Table 1. Test video sequences
Additional 25 intra prediction directions were Sequence | Resolution| Frame-rate, Hz
added to improve intra-frame coding efficiency. Also | BasketballDrill| 832x480 50
there came more motion vector prediction candidates | Cactus 1920%1080 50
and several other modifications to improve inter- | Traffic 2560%x1600 30
frame compression performance. Estimation of VP9 performance is carried out with
the VPX encoder from The WebM Project as it is the
VP9 only implementation of this standard. CodecVisa VP9

Superior video compression efficiency of HEVC analyzer [8] is used for verification of compression

is able to provide network usage savings, whichharameters. VPX encoder is configured with “con-
should be of a great interest to Google YouTube videgtrained quality” mode and limited quantization pa-

service. The development of fréeuse video co-  rameter to emulate “constant quantizer” mode.
pression standard with the efficiency comparable to
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Daala is still under development and the onty e
coder implementation available belongs to Xiph oper
source community, which is, in fact, developing this
standard. Verification of compression parameters it _
performed manually as no analyzer is available. OnhE
‘constrained quality' mode is available and used iI%
experiments, which, by the way, should provideesup
rior efficiency to “constant quantizer” mode.

Experiments are carried out on JCT-VC videe s
quences [9], listed in Table 1.
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2l Conclusion
Z Experimental results obviously show that Daala
a3 video encoder is still rather far from being conipet
B HEVC —— 1 tive. While HM provides 31% better compression
VP9 —¢— . .
3sf Daala —%— rates in key-frame only mode and about 408t i
% i . i p ave—8- provement in inter-coding mode compared to JM,
el e 6000;"32"(‘:(%‘33‘)"0000 120000 140000 16000 \/Pg js only 18% better than JM in both modes. It is
Fig. 3. Intra-frame compression efficiency on Traffic Worth mentioning that VP9 encoder doesn’t have

sequence

great RDO model, so the VP9 standard itself may
potentially have better performance.
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BBenenue

He cMOTps Ha aKTHBHOE Pa3BUTHC PA3THUYHBIX I1Y-
Tell U CPEICTB BBOJA HH(POPMAIIUU B KOMITBIOTED JJIs
MOBCETHEBHBIX 3a/au MPEANOYTUTEIbHEH HCIONB30-
BaTh KJIACCUUYECKHE METO/Ibl. Peub HJET O MPUBBIYHON
JUIsl BCEX IOJb30BaTenei kiaBuarype. OQHO U3 He-
y100CTB B3aUMO/ICHCTBUSI C 3TUM YCTPOHCTBOM BBOJA
3aKJIFOYaeTCsl B TOM, YTO JUIS Pa3HBIX MEXIyHApPOJI-
HBIX PBIHKOB HEOOXOJUMO HM3TOTABIMBATH MECTHYIO
KiIaBuatypy. Torga eciid 4eloBeK, KOTOPBIH KyITHI
YCTPOWCTBO BBOJIA B OJIHOW CTpaHe, IUIAHUPYET Ieya-
TaTh JICKTPOHHBIC MHChMa HA JIPYroM SI3bIKE, OyIeT
BBIHY)KJICH BBOAWUTH HH(pOpMAIMIO Bciemyr. bes-
YCIIOBHO, €CTh BBIXOJ — I'PaBHPOBKA Ha KJIABHIIIAX
apyroro andasurta, JUMOO HCIOIB30BAHUE HAKIICEK.
Ho Ttexnomorus E-ink amcruteeB cnocoOHa B passl
YIPOCHUTh MOJ00HOE B3aUMOJICUCTBUE YEIOBEKAa U
KOMITBIOTEPA.

E-ink rexnosiorus

Texuonorust E-ink (MM TEXHOJIOTHSL «3JIEKTPOH-
HBIX YEpHWJI») OCHOBaHA HAa M3MEHEHUH OpPHUEHTAIUU
3apsKEHHOM YacTHUIbI O/ ACHCTBUEM 3JIEKTPUUECKO-
ro nonsi. [IpudeM mpu COBpEeMEHHOM YpOBHE pa3BU-
THSL TEXHOJIOTUU U3TOTOBJICHUS YETKOCTh MOJIy4aeMO-
ro U300paKeHUs B pasbl BHINIE, YEM B TPATUIIMOHHOM
neyatHoM wuzgaHuu. Ha pucynke 1 mnpezacraBieHo
MPUHLMIIAAILHOE HCIOJHEHUE TEXHOJOIHH JJIEK-
TPOHHBIX YEPHUIL.
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HWKHRIA

: / 3NexTpoa

Ilon nelicTBHEM 3JIEKTPUYECKOrO IOJS OTpULA-
TEIbHO 3apsDKCHHBIE YaCTHLBI YEPHOIO IMIMEHTa

MEHSIIOT CBOIO MO3MLUIO U 3ameniatorcst OenpiMu. Ca-
MOE€ TJIaBHOE JIOCTOMHCTBO 3TOH TEXHOJIOTHH 3TO
sHepronoTpednenue. Benp smexTpuueckas sHeprus
TPATHUTCS TONBKO Ha OPHEHTAIMIO YacTHUIIBI, HO HE Ha
HOoZJIep KaHHE.

Takum 00pa3oM, eciM BHEAPHUTh TEXHOJOTHIO
3JIEKTPOHHBIX YEPHHUJI B YCTPOHCTBO BBOAA (KJIaBHa-
TYpY), TO MOXKHO B pa3bl YIPOCTHTh B3aUMO/EICTBHIE
MOJb30BaTeNsi ¢ KOMIbIOTEpoM. KOHKpeTHO pedb
UJIET O TOM, YTOOBI BMECTO KIACCHYECKHX KIIaBHUII
BcTpamBaTh E-IiNK mucruten masnoro pasmepa. Toraa
oTHajgeT HeoOXOJMMOCTh HAHOCUTH KakKoW-IHOO ai-
(haBuT Ha MOA00HKIC KiIaBuiy. MHpopMmalus Ha quc-
TUIeSIX-KHOTIKaX OyJeT MEHSThCS MpOrpaMMHO. Muk-
POKOHTpOJUIEpP, HAXOAAIIMKCS BHYTPH KJIABHATYPBI,
MOTyYUB MH(OpMANUIO O CMEHE pacKIajKu, U3MEHUT
N300pakeHNe IUCTIIeeB Ha MH(OpPMALUIO B COOTBET-
CTBHH C BRHIOPAaHHEIM a(paBHTOM.

ITpu 3TOM ecnu KCIIOIb30BaTh TAKyI0 KIABHATYPY
1Mo 0ecrpoBOJIHON TEXHOJOTMH WM B MOPTATHBHOM
KOMITBIOTEPE 3aTPaThl AJIEKTPOIHEPTUH OYIyT MHHU-
MaJlbHBbI, KaK yke ObLIO CKa3aHO paHee.

Kpome OCHOBHOrO TNpHMEHEHHs IUIaHHPYETCs
BHEJIPUTH OTOOpa)KEHUE «rOPSIYMX KIABHUI, T.€. CO-
KpallleHUH KJIaBUIl B HEKOTOPBIX MOMYJISPHBIX MPO-
rpammax (takux kak Word, Excel Photoshop 1.11.).
Hanpumep, ¢yaxmmn «KommpoBate» mimu «Bwipe-
3aTh).

Onucanue KJIaBUATYPbI

Ha coBpeMeHHOM pBIHKE HE TaKk MHOTO KJIaBHa-
Typ, TMOAACPKUBAIOIINX aBTOMAaTHUECKYIO MOJICBETKY
B TEMHOE BpeMs CyTOK. J[JIsf 3TOro 1mo Tpem CTopoHaM
KaXI0¥ KiIaBUIIM OyIeT YCTaHOBJIEHO MO 2 SPKHUX
HKOHOMHYHBIX CBeTO MO (pHC. 2).
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