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Abstract

The development of display devices and the increase of network transmission bandwidth bring demands for over 2K high
resolution video such as panorama video, 4K ultra-high definition commercial broadcasting, and ultra-wide viewing video. To
compress these image sequences with significant amount of data, High Efficiency Video Coding (HEVC) standard with the highest
coding efficiency is a promising solution. HEVC, the latest video coding standard, provides high encoding efficiency using various
advanced encoding tools, but it also requires significant amounts of computation complexity compared to previous coding standards.
In particular, the complexity of HEVC decoding process is a imposing challenges on real-time playback of ultra-high resolution
video. To accelerate the HEVC decoding process for ultra high resolution video, this paper introduces a data-level parallel video
decoding method using slice and/or tile supported by HEVC. Moreover, deblocking filter process is further parallelized. The
proposed method distributes independent decoding operations of each tile and/or each slice to multiple threads as well as
deblocking filter operations. The experimental results show that the proposed method facilitates executions up to 2.0 times faster
than the HEVC reference software for 4K videos.
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Fig. 1. (a) An example of slice segmentation for a picture, (b) An example of tile segmentation for a picture
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(a) Horizontal Filtering (vertical edge)

(b) Vertical Filtering (horizontal edge)
Jg 2. g2 Zef 27 dolo] of (a) $2 ORIl St ST Zel, (b) 2L ofix/of cist 31 Ze
Fig. 2. Examples of segmentation of deblocking filtering area (a) Horizontal filtering for vertical edge, (b) Vertical filtering for horizontal edge)

loopFilterPic ()

//horizontal filtering

DFposition++:

CTUarray [DFposition] [] < getCTU( ctuaddr ):

(a) DFposition « 0:
For ctuaddr < 0 upto number of CTU in Frame {
// assign the number of CTU setting to each part of parallel partitioning deblocking area
For k — 0 upto parallel partitioning deblocking area’ s size

@ assign CTUarray [DFposition] to each thread

[

(b) A

if ( DFposition is 0 ) then

xDeblockCT
else if ( DFposition is 1) then

// wait for all processing of each thread

For i < 0 upto number of CTU m pmallel pqmnonmv deblod ing area
Uarray [DFposition] [i \

//vertical filtering

I 3. ClE=Y T UfE 255| HEst oA 2

Fig. 3. Pseudo code for deblocking filter parallelization at decoder side
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decompressSlice ()

pCTU « getCTU( ctuaddr ):
entropydecoding ( pCTU ):

(a) For ctuaddr < O upto number of CTU in Frame {

// assign the pCTU to each tile index array

@ assign CTUarray [Tileindex] to each thread

[

(b)

For tileindex < 0 upto number of Tile

// wait for all processing ot ea(h thread

Fori«< 0 upto numbel of CTU in Tile
pixeldecoding ( CTUarray

[tileindex] [i] ) H

T2 4. B 28 7|8 S35p)| HEst oAt I=
or

Fig. 4. Pseudo code fo

decoder parallelization based on tile segmentation for a picture
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2] 3| [¢) 3 z}zFo] wE B3lv
gl tsll N7He] CTUel el 2tzhe] StER F-sfal Processor Intel Xeon CPU E5-2684W3.40 GHz
ol x7get & 7F Mg sl Ak gt o] o, RAM 64GB
HEVCelA & IA @92 3 WUk JHE 53 § 54 System Window 10 64bit
Wk JE S AE517] wiol T WEF Aloldle oEA Num. of core 8
Barrier Barrier Barrier
Frame 1 | 1 1 | Frame 2
Thread—0 | Entropy q : DF (Horizontal DF (Vertical
e Decoding [ | Tile | ™ Filtering) Filtering) | 540
N |
Thread—1 Tile | DF (Horizontal DF (Vertical f X
Filtering) Filtering) L :
] ] 1 i
Thread—2 : . DF (Horizontal DF (Vertical 1 ]
e e | e | Filtering) Filtering) | : .
: 1 : 1 1 : Time
: : !
D2l 5. ElY 28 D Ci2R EE S|y S5 wasiel Ky M

Fig. 5. An example processing procedure of decoder parallelization based on deblocking filter and tile segmentation
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Table 2. Coding parameters and test sequences for performance evaluation

Common test condition / random access configuration

HEVC ref. software HM 16.5 ver
Quantization parameters 22, 27, 32, 37
Num. of slice or tile 4, 8, 16, 32
Resolution Sequence Bit depth Num. of frames Frame rate
CampfireParty 10 300 30
UHD 3840x2160 CatRobot 10 300 60
TrafficFlow 10 300 30
NebutaFestival 8 300 60
QHD 2560x1600 PeopleOnStreet 8 150 30
Traffic 8 150 30
Cactus 8 500 50
Full HD 1920x1080 Kimono 8 240 24
ParkScene 8 240 24
Selolz P Bt B 716S o439 BEs] BEs ek AN AT e Wge E 29 2
o] d5S vlasty] AsiME WA Boshr]e] el A tE5% 48 WEste] 45s vluwshr] 8 o 94
£d Sdfol2 EE BY £ 7les AMEet Fastd o2k Boshr| o] HESY I FPAI HE R
MEAEYS] Do) thekst 27le] MEAEYY gt o B2 QB YNNG ML) S5 PIS 2
WY 255 A9 96 4 94 A AR dE 4] Stk AF A E 39 @9 2oH bE <2 i
o] FAtsh st 9 Fhe ARt HIEAER S A S 71914 9] &7 HElo] Fu & Alks Bl AF
Ak Egk 73 ol WE AE A £A4E S8 471 A 1920x1080 F7FolA o] 1.99), 2560x1600 B
e FE AMES SgfolA BEE B REAEYS AA o A Ht 3.58H, 3840x2160 G dolA Huh 3.6u19 &=

Z3 Cs=2 2

B HEst A Z2

Table 3. Experimental results of deblocking filter parallelization

=

Sequence (a) Speed-up (Thread 8) per(f?)?’n?a':r;: Ciil}llt"lagtl(?ec) pe(rizjra';nsc(aeq?ae?etle(l‘;;)
QP 22 27 32 37 22 27 32 37 22 27 32 37
Cactus 1.8x 1.3x 1.2x 1.1x 5.6 4.1 3.6 31 115 | 126 | 127 | 124
11%253%X Kimono 1.6x 1.5x 1.2x 1.1x 23 2.0 1.7 1.5 10.5 | 109 | 109 | 10.6
ParkScene 1.9x 1.5x 1.2x | 0.9x 26 2.0 1.7 14 109 | 109 | 10.7 | 105
AVG 1.7x 1.4x 1.2x 1.0x
NebutaFestival 22x | 25x | 2.3x 1.8x 4.8 6.0 53 3.7 4.8 71 8.7 9.4
2156%(:))( PeopleOnStreet 34x | 35x | 3.1x 3.0x 5.7 5.0 42 3.6 149 | 169 | 178 | 174
Traffic 27x | 21x 1.8x 1.6x 3.1 23 1.9 1.7 124 | 118 | 116 | 114
AVG 2.8x 2.7x 2.4x 2.1x
CampfireParty 36x | 32x | 29x | 28x | 179 | 136 | 11.0 | 9.9 125 | 17.7 | 159 | 155
3;%%)( CatRobot 3.0x 31x | 29x | 2.7x | 13.0 9.4 8.2 7.3 120 | 132 | 129 | 125
TrafficFlow 32x | 27x | 25x | 23x | 11.6 7.8 6.5 5.9 129 | 124 | 11.7 | 11.2
AVG 3.3x 3.0x 2.8x 2.6x
Total AVG 2.3x
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Table 4. Experimental results of decoding parallelization based

on slice and tile partitions

) Speed-up (Thread 8)
Sequence Num, of Stice (a) Slice (b) Tile
¢ QP22 | QP27 | QP32 | QP37 | QP22 | QP 27 | QP 32 | QP 37
4 1.7x 1.7x 1.7x 1.7x 1.5x 1.6x 1.6x 1.5x
1920x1080 8 1.8x 1.9x 1.9x 1.8x 1.8x 1.8x 1.8x 1.7x
16 1.6x 1.6x 1.6x 1.5x 1.7x 1.7x 1.7x 1.6x
4 1.5x 1.6x 1.6x 1.6x 1.4x 1.5x 1.5x 1.5x
8 1.7x 1.8x 1.8x 1.8x 1.6x 1.7x 1.8x 1.8x
Avera 2560x1600
ge 16 1.6x 1.7x 1.7x 1.6x 1.6x 1.7x 1.7x 1.7x
32 1.5x 1.5x 1.5x 1.4x 1.5x 1.6x 1.6x 1.6x
4 1.5x 1.6x 1.6x 1.6x 1.4x 1.5x 1.5x 1.5x
8 1.7x 1.8x 1.8x 1.8x 1.6x 1.8x 1.8x 1.8x
3840x2160
16 1.6x 1.7x 1.7x 1.7x 1.6x 1.8x 1.8x 1.8x
32 1.5x 1.6x 1.6x 1.5x 1.6x 1.7x 1.7x 1.7x
Total Average 1.7x 1.6x
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Table 5. Experimental results of combined decoding parallelization based on slice or tile, and deblocking filter
Speed-up (Thread 8)
Sequence NU"(; C;fl Sice (a) Slice+DF parallelization (b) Tile+DF parallelization
QP22 | QP27 | QP32 | QP37 | QP22 | QP 27 | QP 32 | QP 37
1.7x 1.8x 1.7x 1.7x 1.5x 1.6x 1.5x 1.4x
1920x1080 1.8x 1.9x 1.8x 1.7x 1.7x 1.7x 1.7x 1.6x
16 1.6x 1.6x 1.6x 1.5x 1.7x 1.7x 1.6x 1.5x
4 1.6x 1.7x 1.7x 1.7x 1.5x 1.6x 1.6x 1.6x
8 1.8x 1.9x 1.9x 1.9x 1.6x 1.7x 1.8x 1.8x
Avera 2560x1600
ge 16 1.7x 1.8x 1.8x 1.7x 1.6x 1.7x 1.8x 1.7x
32 1.6x 1.6x 1.6x 1.5x 1.6x 1.7x 1.7x 1.7x
4 1.6x 1.7x 1.7x 1.7x 1.5x 1.6x 1.6x 1.6x
8 1.8x 2.0x 2.0x 2.0x 1.7x 1.9x 1.9x 1.9x
3840x2160
16 1.8x 1.9x 1.9x 1.9x 1.7x 1.9x 1.8x 1.8x
32 1.7x 1.8x 1.7x 1.8x 1.7x 1.8x 1.8x 1.8x
Total Average 1.7x 1.7x




H 6. £20|20} Ef 7|8t
Table 6. Coding efficiency according to the number of tiles or slices
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Num. Slice

ComA 4 threads
ComA 8 threads
ComA 16 threads
ComB 4 threads
= = -ComB 8 threads
= = -ComB 16 threads

32

J2l 7. 2] $2f A= Fof 02 HH

S2sp| M3y

Fig. 7. Experimental results of parallel decoding according to the number of cores and threads

23t

233 28

) Num. of Y-BDrate (kbps)
Resolution | Sequence | g0 o Tite [ Tiie Slice
4 0.6% 1.4%

CampfireParty 8 1.4% 2.9%

16 1.9% 6.1%

4 1.0% 1.8%

3840x2160 CatRobot 8 2.1% 4.0%
16 3.0% 8.1%

4 0.4% 1.1%

TrafficFlow 8 1.1% 2.5%

16 1.7% 5.2%

4 0.1% 0.2%

) 8 0.2% 0.5%

NebutaFestival 16 04% 1.0%

32 0.6% 1.7%

4 0.4% 0.5%

8 0.6% 1.1%

2560x1600 | PeopleOnStreet 16 11% 22%
32 1.7% 3.7%

4 0.4% 0.7%

) 8 0.9% 1.8%

Traffic 16 14% | 3.6%

32 2.6% 6.2%

4 0.2% 0.4%

Cact 8 0.5% 1.6%

acis 16 10% | 3.2%

32 1.4% 6.1%

4 0.4% 1.2%

) 8 0.4% 2.7%

1920x1080 Kimono 16 13% 55%
32 2.0% 10.8%

4 0.5% 1.3%

8 0.9% 3.0%

ParkScene 16 21% | 61%

32 3.1% 12.0%
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