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Abstract

In this paper, we propose a low-complexity loop filtering method depending on transform-block regions. Block adaptive
loop filter (BALF) was developed to improve about 10% in compression performance for the next generation video coding.
The BALF employs the Wiener filter that makes reconstructed frames close to the original ones and transmits filter-related
information. However, the BALF requires high computational complexity, while it can achieve high compression performance
because the block adaptive loop filter is applied to all the pixels in blocks. The proposed method is a new loop filter that
classifies pixels in a block into inner and boundary regions based on the characteristics of the integer transform and derives
optimum filters for each region. Then, it applies the selected filters for the inner and/or boundary regions. The decoder
complexity can be adjusted by selecting region—dependent filter to be used in the decoder side. We found that the proposed
algorithm can reduce 35.5% of computational complexity with 2.56% of compression loss, in case that only boundary filter is

used.

Keywords : Adaptive loop filter, post filter, BALF
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Fig. 1. Block diagram of the H.264/AVC encoder including BALF module.
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Table 2. Test condition for evaluation of the proposed

method.
Profile High profile
Fosh Wy CABAC
QP 22, 27, 32, 37
8 8 transform AHg

E 3. 720p AE 20 O BALFS| Ms
Table 3. Test results of BALF for 720p sequences.

BALF off BALF BD- BD-
bitrate | PSNR | bitrate | PSNR |PSNR |Bitrate
22 25292240 | 40.27 23844852 | 40.66
3 27 6134410 | 36.32 5502855 [ 36.58
City_corr 0.56 | -16.85
32 1828333 | 32.94 1635594 | 33.17
37 796349 | 29.71 773600 | 30.12
22 14376960 | 40.13 14175373 | 40.24

27 4299335 | 36.66 4093264 | 36.75

Sequence | QP

BigShips 0.31 |-10.20
32 1445965 | 33.58 1310579 | 33.74
37 594422 | 30.86 556195 31.15
22 13080202 | 41.79 12682122 | 41.98
27 3817683 | 39.24 3730957 | 39.38
Crew 0.23 | -8.80
32 1581715 | 36.97 1532445 | 37.15
37 737312 | 34.58 729085 | 34.81

22 28348902 | 41.31| 27725674 | 41.60
27 10247251 | 37.58 9983120 | 37.75
Night 0.24 |-6.13
32 4011699 | 34.27 3959306 | 34.40
37 1807443 | 31.15 1802461 | 31.30

avg. 0.34 | -10.49

E 4. BALF thH| U &/EH 49 2 M8 Ms
Table 4. Performance evaluation of the proposed method
compared to BALF.

BALF inner+boundary BD- BD-
bitrate | PSNR | bitrate | PSNR | PSNR | Bitrate
22 23844852 | 40.66 | 23782324 | 40.65
. 27 5502855 [ 36.58 5478515 | 36.55
City_corr -0.02 0.75
32 1635594 | 33.17 1638790 | 33.13
37 773600 | 30.12 773824 | 30.09
22 14175373 | 40.24 | 14141366 | 40.23
27 4093264 | 36.75 4085959 | 36.72
BigShips -0.03 1.03
32 1310579 | 33.74 1312138 | 33.71
37 556195 | 31.15 558515 | 31.12
22 12682122 | 41.98 | 12675440 [ 41.96
27 3730957 | 39.38 3734912 | 39.36
Crew -0.03 1.23
32 1532445 | 37.15 1537466 | 37.11
37 729085 | 34.81 729430 | 34.76
22 27725674 | 41.60 | 27707596 | 41.58
27 9983120 | 37.75 9982707 | 37.73
Night -0.02 0.53
32 3959306 | 34.40 3964231 | 34.37
37 1802461 | 31.30 1802259 | 31.26

avg. -0.03 0.89

Sequence | QP

(663)
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Table 5. Performance evaluation of boundary region
filtering method compared to BALF.

BALF of f only boundary BD- BD-
bitrate | PSNR | bitrate | PSNR | PSNR | Bitrate

Sequence Q@

22 | 25292240 | 40.27 | 24140916 | 40.57

27 6134410 | 36.32 5494970 | 36.54
City_corr 0.50 -15.34
32 1828333 | 32.94 1636787 | 33.11
37 796349 | 29.71 775888 | 30.08

22 | 14376960 | 40.13 | 14143894 | 40.23

27 4299335 | 36.66 4114618 | 36.71
BigShips 0.25 -8.35
32 1445965 | 33.58 1320246 | 33.68

37 594422 | 30.86 558557 | 31.10

22 | 13080202 | 41.79 | 12754755 | 41.93

27 3817683 | 39.24 3771181 | 39.32
Crew 0.11 -4.19
32 1581715 | 36.97 1571549 | 37.03

37 737312 | 34.58 740317 | 34.64

22 | 28348902 | 41.31 | 27776774 | 41.53

27 | 10247251 | 37.58 | 10007734 | 37.69
Night 0.15 -3.84
32 4011699 | 34.27 3970535 | 34.30

37 1807443 | 31.15 1801178 | 31.18

ave. 0.25 -7.93

ne
ofo
o

6 dAYY Heof st 2E2 &5 54 23
Table 6. Complexity — evaluation boundary  region
filtering method compared to BALF.
Sequence QP ATS(%)
22 36.50
Cit r 27 35.65
y=£0 32 40.45
37 28.60
22 39.23
. . 27 36.46
BigShips 32 38.75
37 42.20
22 34.08
C 27 29.16
rew 32 26.16
37 40.34
22 30.37
. 27 36.10
Night 32 38.36
37 35.48
avg 35.49
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