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Abstract

With the expansion of the Internet and wireless technologies, video-related applications have been
expanded much more than ever. But since network bandwidth is limited, better high-gain video
compression methods remain essential. Recently, the new video compression standard called ""High
Efficiency Video Coding" (HEVC) has been introduced, which doubles the compression compared to the
previous standard called ""Advanced Video Coding", while preserving video quality at the same time. In
HEVC standard, 35 intra prediction modes have been defined to improve the efficiency of encoding
algorithm. The best intra prediction mode is chosen using a process called ""Rate Distortion
Optimization™. The purpose of this study is to propose a method to reduce the number of intra
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prediction modes in RDO process, since it is a very time consuming process. A new method based on
Sobel operator is proposed for fast determination of intra prediction mode as well as coding unit size in
HEVC. Although Sobel operator is an essential part of our algorithm, other features were extracted
from coding control part of HEVC algorithm to excel the speed of coding process, since the main
purpose of fast coding algorithm should be to reduce complexity while producing a bit-stream, which
preserves the quality of decoded video. These features are parent CU mode, modes with lower cost
functions and modes that are determined to be most probable via pervious researches. Parent CU mode
is intra angle of coding unit that contains the current CU and since HEVC uses quad-tree algorithm to
calculate the best mode, it is available at the time of calculating the best mode for current CU. Modes
with lower cost functions are modes that have the least cost function value that are calculated by HM via
a fast algorithm and modes that are determined to be the most probable via pervious researches are DC
and horizontal and vertical modes. Two algorithms are proposed to enhance coding speed. The first one
is fast algorithm which considers a few CTU coding depth, given that some conditions are fulfilled.
These conditions are equalities or non-equalities in which the variables are costs of the aforementioned
modes. The second algorithm considers all CTU depths in coding process, but it incorporates only one
intra mode in RDO process, given that some conditions are fulfilled. The Sobel operator acts as a
verifier, in other words if the Sobel operator agrees with all or some of the intra angles that are
mentioned above, the RDO process is considered to be over and the verified angle will be chosen for CU
to be coded with. Coding time compared to HEVC reference software (HM) using the proposed fast
method is reduced by an average of 56% and by using the proposed precise method is reduced by an
average of 29%. In the proposed precise method, final video quality degradation is negligible.

Keywords: Video Coding, High Efficiency Video Coding (HEVC), Rate- distortion Optimization (RDO),
Intra Prediction, Sobel.
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Table.1. Upper and lower limits of G,/Gxfor HEVC intra
prediction in [5]

o . - Mod Low High

Mode Low Limit High Limit e Limit Limit
, | 115928 | 1 15 | 086261 | 115028
o | 153711 | 115028 | o | 0.65057 | 086261
, | 198666 | -L53711 | L | 050336 | 065057
o | 25940 | 198666 | ,, | 038574 | 050336
o | 361354 | 250240 | ,, | 027674 | 038574
| 576314 | 36134 | ,, | 047352 | 027674
o | 1L61240 | 576314 | ,, | 0.08611 | 017352
o | 4073548 | 1161240 | . | 002455 | 0.02455
10 . 4073548 | Lo | o oouss | 002455
19 | 4037548 o 27 | 008611 | 0.02455
11 | 1161240 1 40.37548 | 55 | (17350 | 0.08611
12 | 576314 | 1161240 | 59 | 57674 | 017352
13 | 361354 1576314 | 4 | Gags7a | 027674
14 | 259240 1361354 | 4 | 550336 | 0.38574
15 | 198666 1 259240 | 4 | 465057 | 0.50336
16 | 198711 | 198666 | a5 | 86261 | 0.65057
L | 115928 | 1sa | o, |4 086261
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Fig.3. Flowchart of best Intra angle selection for proposed
accurate algorithm
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Table.5. Proposed fast algorithm simulation
Results of 9 videos

BD-PSNR BD-BR
Class Video Sequence AT (%) (dB) (%)
Traffic
A (2560x1600) -79.45 -0.7356 28.21
B Kimono 68.29 | -0.9472 | 21.28
(1920x1080) : : :
B Zzszkgff(')g%;“’e 7489 | -06412 | 24.86
c BQMall (832x480) 652 | -1.1955 | 26.29
D aisgig’jégpass 48 | 09572 | 1753
D BQSquare (416x240) | -50.85 | -1.3401 | 18.96
D af“s”x'gi%)“bb'es 4935 | 07850 | 129
D m%i'(";g;‘;s 4857 | -3.8249 | 2011
FourPeople
E (L280X720) 7012 | -1.0751 | 27.44
Average 06163 | -1.27 | 2228
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Table.3. Proposed accurate algorithm simulation
Results of 9 videos

vid BD- | BD-
1deo PSNR BR
Class AT (9
Sequence (%) (dB) (%)
Traffic
A (2560x1600) -42.17 -0.079 2.88
Kimono
B (1920x1080) -37.56 -0.085 2.12
BasketballDrive 2.78
B (1920x1080) -38.21 -0.078
2.93
C BQMall (832x480) -32.47 -0.155
BasketballPass 2.24
D (416x240) -23.9 -0.130
D BQSquare -25.68 -0.193 2.26
(416x240)
BlowingBubbles
D (416x240) -27.73 -0.132 2.05
RaceHorses
D (416x240) -23.78 -0.098 1.69
FourPeople
E (1280x720) -37.12 -0.087 2.84
Average -32.07 -0.113 241
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Table.4. FCUSM simulation Results of 9 videos

BD BD-
. BR
Class Video Sequence AT (%) | PSNR %
0)
(dB)
A Traffic -43.24 -0.097 315
(2560x1600)
Kimono
(192051080} -37.28 -0.091 2.718
BasketballDrive
B (1950 1080) -40.23 -0.076 2.678
c BQMall (832x480) -40.56 -0.1932 3.65
BasketballPass
D (416x240) -38.15 -0.1904 3.28
D BQSquare (416x240) -38.65 -0.2713 3.65
BlowingBubbles
D (416x240) -38.5 -0.2174 34
RaceHorses (416x240) -39.05 -0.1661 2.87
E FourPeople
(1280x720) -42.87 -0.12 2.985
Average -39.82 -0.1584 3.15
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