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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 VoIP in 1984 video resolu-
ЭТШЧ СКЬ ТЧМЫОКЬОН ПЫШЦ QCIF (176×144 ЩТбОХЬ) ЭШ 
Full HD (1λβ0×10κ0). σШа ТЭ ТЬ ОЯШХЯТЧР ЭШ 4K 
(γκ40×β160) КЧН κK (76κ0×4γβ0) 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/AVC 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 still 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 - δCU) ЬТгО ПЫШЦ 16×16 ЭШ 
64×64 pixels. It aims 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 a great interest to Google YouTube 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 AVC coding like VP8 did. The main evolutional 
change is also the increase of largest block (called 
'ЬЮЩОЫ ЛХШМФ') ЬТгО ЮЩ ЭШ 64×64 ЩТбОХЬ КЧН ТЭЬ КНКЩЭТЯО 
sub-splitting. Motion vector prediction was improved, 
unlike intra prediction that still has only 10 modes.  

 
Daala 
Unlike HEVC and VP9, Daala [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 still 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 utilize rate-distortion optimi-
zation (RDO) techniques to achieve quasi-optimal 
correlation between compression rate and quality. 
BШЭС ОЧМШНОЫ ТЦЩХОЦОЧЭКЭТШЧЬ КЫО ОЯКХЮКЭОН ТЧ “МШn-
ЬЭКЧЭ ЪЮКЧЭТгОЫ” mode. 
Table 1. Test video sequences 

Sequence Resolution Frame-rate, Hz 
BasketballDrill κγβ×4κ0 50 
Cactus 1λβ0×10κ0 50 
Traffic β560×1600 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 
ЩКЫКЦОЭОЫЬ. VPБ ОЧМШНОЫ ТЬ МШЧПТРЮЫОН аТЭС “МШn-
ЬЭЫКТЧОН ЪЮКХТЭв” ЦШНО КЧН ХТЦТЭОН ЪЮКЧЭТгКЭТШЧ Щa-
ЫКЦОЭОЫ ЭШ ОЦЮХКЭО “МШЧЬЭКЧЭ ЪЮКЧЭТгОЫ” ЦШНО. 
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Daala is still under development and the only en-
coder implementation available belongs to Xiph open 
source community, which is, in fact, developing this 
standard. Verification of compression parameters is 
performed manually as no analyzer is available. Only 
'constrained quality' mode is available and used in 
experiments, which, by the way, should provide supe-
ЫТШЫ ОППТМТОЧМв ЭШ “МШЧЬЭКЧЭ ЪЮКЧЭТгОЫ” ЦШНО. 

Experiments are carried out on JCT-VC video se-
quences [9], listed in Table 1. 

Fig. 1-3 show the efficiency of the reviewed co-
decs in key-frame only compression mode. HM en-
МШНОЫ ТЬ ЭОЬЭОН ТЧ “AХХ IЧЭЫК – εКТЧ” МШЧПТРЮЫКЭТШЧ, 
Jε ОЧМШНОЫ ТЬ ЭОЬЭОН ТЧ “IЧЭЫК HE” МШЧПТРЮЫКЭТШЧ. VPλ 
and Daala encoders are configured manually. 

 
Fig. 1. Intra-frame compression efficiency on Basket-

ballDrill sequence 

 
Fig. 2. Intra-frame compression efficiency on Cactus 

sequence 

 
Fig. 3. Intra-frame compression efficiency on Traffic 

sequence 

 
Fig. 4. Inter-frame compression efficiency on Basket-

ballDrill sequence 
Fig. 4-7 show the efficiency of the reviewed co-

decs in best inter-frame compression mode. HM en-
МШНОЫ ТЬ ЭОЬЭОН ТЧ “δШа-delay B – εКТЧ” МШЧПТРЮЫa-
ЭТШЧ, Jε ОЧМШНОЫ ТЬ ЭОЬЭОН ТЧ “RКЧНШЦ AММОЬЬ B HE” 
configuration. VP9 and Daala encoders are configured 
manually. Key frame is set to be only the first in the 
coded sequence. 

 
Fig. 5. Inter-frame compression efficiency on Cactus 

 
Fig. 6. Inter-frame compression efficiency on Traffic 

 
Conclusion 
Experimental results obviously show that Daala 

video encoder is still rather far from being competi-
tive. While HM provides 31% better compression 
rates in key-frame only mode and about 40% im-
provement in inter-coding mode compared to JM, 
VP9 is only 18% better than JM in both modes. It is 
аШЫЭС ЦОЧЭТШЧТЧР ЭСКЭ VPλ ОЧМШНОЫ НШОЬЧ’Э СКЯО 
great RDO model, so the VP9 standard itself may 
potentially have better performance. 
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ȼɜɟɞɟɧɢɟ 
ɇɟ ɫɦɨɬɪɹ ɧɚ ɚɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɪɚɡɥɢɱɧɵɯ ɩɭ-

ɬɟɣ ɢ ɫɪɟɞɫɬɜ ɜɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɨɦɩɶɸɬɟɪ ɞɥɹ 
ɩɨɜɫɟɞɧɟɜɧɵɯ ɡɚɞɚɱ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɤɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. Ɋɟɱɶ ɢɞɟɬ ɨ ɩɪɢɜɵɱɧɨɣ 
ɞɥɹ ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɤɥɚɜɢɚɬɭɪɟ. Ɉɞɧɨ ɢɡ ɧɟ-
ɭɞɨɛɫɬɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɷɬɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜɜɨɞɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɪɚɡɧɵɯ ɦɟɠɞɭɧɚɪɨɞ-
ɧɵɯ ɪɵɧɤɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɦɟɫɬɧɭɸ 
ɤɥɚɜɢɚɬɭɪɭ. Ɍɨɝɞɚ ɟɫɥɢ ɱɟɥɨɜɟɤ, ɤɨɬɨɪɵɣ ɤɭɩɢɥ 
ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ ɜ ɨɞɧɨɣ ɫɬɪɚɧɟ, ɩɥɚɧɢɪɭɟɬ ɩɟɱɚ-
ɬɚɬɶ ɷɥɟɤɬɪɨɧɧɵɟ ɩɢɫɶɦɚ ɧɚ ɞɪɭɝɨɦ ɹɡɵɤɟ, ɛɭɞɟɬ 
ɜɵɧɭɠɞɟɧ ɜɜɨɞɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɜɫɥɟɩɭɸ. Ȼɟɡ-
ɭɫɥɨɜɧɨ, ɟɫɬɶ ɜɵɯɨɞ – ɝɪɚɜɢɪɨɜɤɚ ɧɚ ɤɥɚɜɢɲɚɯ 
ɞɪɭɝɨɝɨ ɚɥɮɚɜɢɬɚ, ɥɢɛɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɤɥɟɟɤ. 
ɇɨ ɬɟɯɧɨɥɨɝɢɹ E-ТЧФ ɞɢɫɩɥɟɟɜ ɫɩɨɫɨɛɧɚ ɜ ɪɚɡɵ 
ɭɩɪɨɫɢɬɶ ɩɨɞɨɛɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɟɥɨɜɟɤɚ ɢ 
ɤɨɦɩɶɸɬɟɪɚ. 

 
E-ink ɬɟɯɧɨɥɨɝɢɹ 
Ɍɟɯɧɨɥɨɝɢɹ E-ТЧФ (ɢɥɢ ɬɟɯɧɨɥɨɝɢɹ «ɷɥɟɤɬɪɨɧ-

ɧɵɯ ɱɟɪɧɢɥ») ɨɫɧɨɜɚɧɚ ɧɚ ɢɡɦɟɧɟɧɢɢ ɨɪɢɟɧɬɚɰɢɢ 
ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨ-
ɝɨ ɩɨɥɹ. ɉɪɢɱɟɦ ɩɪɢ ɫɨɜɪɟɦɟɧɧɨɦ ɭɪɨɜɧɟ ɪɚɡɜɢ-
ɬɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɱɟɬɤɨɫɬɶ ɩɨɥɭɱɚɟɦɨ-
ɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɪɚɡɵ ɜɵɲɟ, ɱɟɦ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ 
ɩɟɱɚɬɧɨɦ ɢɡɞɚɧɢɢ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤ-
ɬɪɨɧɧɵɯ ɱɟɪɧɢɥ. 

 
Ɋɢɫ. 1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ E-ink 

 
ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɬɪɢɰɚ-

ɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɱɚɫɬɢɰɵ ɱɟɪɧɨɝɨ ɩɢɝɦɟɧɬɚ 

ɦɟɧɹɸɬ ɫɜɨɸ ɩɨɡɢɰɢɸ ɢ ɡɚɦɟɳɚɸɬɫɹ ɛɟɥɵɦɢ. ɋɚ-
ɦɨɟ ɝɥɚɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɷɬɨ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ. ȼɟɞɶ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ 
ɬɪɚɬɢɬɫɹ ɬɨɥɶɤɨ ɧɚ ɨɪɢɟɧɬɚɰɢɸ ɱɚɫɬɢɰɵ, ɧɨ ɧɟ ɧɚ 
ɩɨɞɞɟɪɠɚɧɢɟ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɜɧɟɞɪɢɬɶ ɬɟɯɧɨɥɨɝɢɸ 
ɷɥɟɤɬɪɨɧɧɵɯ ɱɟɪɧɢɥ ɜ ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ (ɤɥɚɜɢɚ-
ɬɭɪɭ), ɬɨ ɦɨɠɧɨ ɜ ɪɚɡɵ ɭɩɪɨɫɬɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɤɨɦɩɶɸɬɟɪɨɦ. Ʉɨɧɤɪɟɬɧɨ ɪɟɱɶ 
ɢɞɟɬ ɨ ɬɨɦ, ɱɬɨɛɵ ɜɦɟɫɬɨ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɥɚɜɢɲ 
ɜɫɬɪɚɢɜɚɬɶ E-ink ɞɢɫɩɥɟɢ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ. Ɍɨɝɞɚ 
ɨɬɩɚɞɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɚɧɨɫɢɬɶ ɤɚɤɨɣ-ɥɢɛɨ ɚɥ-
ɮɚɜɢɬ ɧɚ ɩɨɞɨɛɧɵɟ ɤɥɚɜɢɲɢ. ɂɧɮɨɪɦɚɰɢɹ ɧɚ ɞɢɫ-
ɩɥɟɹɯ-ɤɧɨɩɤɚɯ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɩɪɨɝɪɚɦɦɧɨ. Ɇɢɤ-
ɪɨɤɨɧɬɪɨɥɥɟɪ, ɧɚɯɨɞɹɳɢɣɫɹ ɜɧɭɬɪɢ ɤɥɚɜɢɚɬɭɪɵ, 
ɩɨɥɭɱɢɜ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɦɟɧɟ ɪɚɫɤɥɚɞɤɢ, ɢɡɦɟɧɢɬ 
ɢɡɨɛɪɚɠɟɧɢɟ ɞɢɫɩɥɟɟɜ ɧɚ ɢɧɮɨɪɦɚɰɢɸ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɜɵɛɪɚɧɧɵɦ ɚɥɮɚɜɢɬɨɦ.  

ɉɪɢ ɷɬɨɦ ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɭɸ ɤɥɚɜɢɚɬɭɪɭ 
ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɥɢ ɜ ɩɨɪɬɚɬɢɜɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ ɡɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɭɞɭɬ ɦɢɧɢ-
ɦɚɥɶɧɵ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ. 

Ʉɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɥɚɧɢɪɭɟɬɫɹ 
ɜɧɟɞɪɢɬɶ ɨɬɨɛɪɚɠɟɧɢɟ «ɝɨɪɹɱɢɯ ɤɥɚɜɢɲ», ɬ.ɟ. ɫɨ-
ɤɪɚɳɟɧɢɣ ɤɥɚɜɢɲ ɜ ɧɟɤɨɬɨɪɵɯ ɩɨɩɭɥɹɪɧɵɯ ɩɪɨ-
ɝɪɚɦɦɚɯ (ɬɚɤɢɯ ɤɚɤ Word, Excel, Photoshop ɢ ɬ.ɞ.). 
ɇɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɢ «Ʉɨɩɢɪɨɜɚɬɶ» ɢɥɢ «ȼɵɪɟ-
ɡɚɬɶ». 

 
Ɉɩɢɫɚɧɢɟ ɤɥɚɜɢɚɬɭɪɵ 
ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɪɵɧɤɟ ɧɟ ɬɚɤ ɦɧɨɝɨ ɤɥɚɜɢɚ-

ɬɭɪ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɩɨɞɫɜɟɬɤɭ 
ɜ ɬɟɦɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ. Ⱦɥɹ ɷɬɨɝɨ ɩɨ ɬɪɟɦ ɫɬɨɪɨɧɚɦ 
ɤɚɠɞɨɣ ɤɥɚɜɢɲɢ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧɨ ɩɨ β ɹɪɤɢɯ 
ɷɤɨɧɨɦɢɱɧɵɯ ɫɜɟɬɨɞɢɨɞɚ (ɪɢɫ. 2). 


