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Complexity-based Sample Adaptive Offset Parallelism
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Abstract

In this paper, we propose a complexity-based parallelization method of the sample adaptive offset (SAO) algorithm which is one of
HEVC in-loop filters. The SAO algorithm can be regarded as region-based process and the regions are obtained and represented with a
quad-tree scheme. A offset to minimize a reconstruction error is sent for each partitioned region. The SAO of the HEVC can be
parallelized in data-level. However, because the sizes and complexities of the SAO regions are not regular, workload imbalance occurs
with multi-core platform. In this paper, we propose a LCU-based SAO algorithm and a complexity prediction algorithm for each LCU.
With the proposed complexity-based LCU processing, we found that the proposed algorithm is faster than the sequential implementation
by a factor of 2.38 times. In addition, the proposed algorithm is faster than regular parallel implementation SAO by 21%.
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Operating System

Microsoft Windows 7 (32bit)

CPU Intel CoreTM2 Quad CPU
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Coding mode HEVC High Efficiency / Low Complexity
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MS Visual Studio 2008 Release mode

] (no optimization )
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Measurement Decoding time (sec)
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Table 4. test sequences

L 24 2| Iy 0lg

S1 Kimono
Full-HD

S2 ParkScene

S3 BasketballDrill

S4 WVGA BQMall

S5 PartyScene

£ 5. g 58 9 Ay

Table 5. The names and processes of parallel methods

HA 3l g

R1 HEVC SAO

R2 LCU el =&} &8 79| SAO

P1 TSst 3719 Y4t Be SAO WEst

P2 =T 0|ES S8 SAO HEs| (on/off)

P3 27T 0|2 S5 SAO HZi3} (on/off + EO/BO)

53l REo wE o
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0.250 |

0.200 |
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0.050 - §

0.000 | i § E]

s1 52 s3 s4

RL| 0.184 0.157 0.030 0.059 0.046
OR2| 0254 0.205 0.046 0.074 0.066
@P1| 0100 0.096 0.021 0.048 0.037
mp2| 0087 0.081 0,021 0.038 0.034
wP3| 0077 0.069 0.021 0.036 0.032

O 15. LCE=0M 2t Moy w2 Hst £ 2H (sec)
Fig. 15. Performance of LC-mode parallel processing for each test se-
quence in terms of time (second)
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P1 23 (19|16 | 11| 13 1.6
P2 HE 25 (21|16 | 15| 14 1.8
0.300 P3 27 | 25 |16 | 15| 15 2.0
0.250 P1 18 |16 | 14 | 12 | 1.2 1.5
0200 | P2 LC 21119 |14 |16 |13 1.7
0150 4 P3 24 |23 14|16 | 14 1.8
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0,050 - B 7. QMY R2 7|E HES £5 &y
0.000 - i Table 7. R2 based enhanced parallel performance
s1 52 sS4 ! - i)
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72 14, HERSO0IA 2t 8o M2 s} 2 24 (sec) P1 251211221151 18] 20
Fig. 14. Performance of HE-mode parallel processing for each test se- P2 Le 29 125122120119 23
quence in terms of time (second) P3 33 130 ]22 |21 21 25
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2Pl 0.059 0.064 0.062 0.063
mp2 0.051 0.058 0.057 0.054
oP3 0.047 0.050 0.051 0.051

32l 16. HER=0M 2t QPoj| 2 sl £ =4 (sec)
Fig. 16. Performance of parallel processing for each QP values in HE
mode (second)
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Fig. 17. Performance of parallel processing for each QP values in LC
mode (second)
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