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Adaptive Rate-Distortion Optimized Multiple Loop Filtering Algorithm
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Abstract

At 37th VCEG meeting in Jan. 2009, Toshiba proposed Quadtree-based Adaptive Loop Filter (QALF). The basic concept of
QALF is to apply Wiener filter to decoded image after the conventional deblocking filter and to represent the filter on/off flag
data for each basic filtering unit in a more efficient way of quadtree structure. QALF could enhance the compression performance
of around more than 9%, but the structure of one filter for a decoded frame leaves room for further improvement in the sense that
optimal filter for one region of a frame could quite different from the optimal filter for other parts of a picture. This paper
proposes multiple adaptive loop filters for better utilization of local characteristics of decoded frame to optimize the region-based
Wiener filters. Additional filters, proposed in this paper, cover separate spatial area of each decoded frame according to the
performance of previously designed filter(s) to provide the flexibility of rate-distortion based selection of the number of filters.

Keyword: adaptive loop filter, multiple filter control, quadtree partition, optimal restoration filter
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Fig. 2. Flow chart of the proposed algorithm (a) Method for generating sub-filter when the portion of filtered region exceeds the threshold T
(b) Method for generating sub-filter when the portion of filtered region is less than the threshold T, (c) Method for determining the number of

filters based on rate-distortion criteria
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Non 0 0
W, 1 1 0
W, 2 1 1
No. of Context template 4 4
(a)
0 0 1 1
0 C 1 C 0 C 1 C
Context template 1 Context template 2 Context template 3| |Context template 4
(b)

2l 5. BALFOIA 2702] =@ ZE| ALBE 98t CABAC HMAMA 0| (a) =2 ZE] QI ofZls} HhY (b) ZE leA RUAE DHZS /st HES
Fig. 5. Example of re-designed CABAC for two wiener filters in BALF (a) Binarization for filter indices (b) Context models for filter indices
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Fig. 6. The multiple filter coefficients encoding scheme using temporal prediction
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Table 2. The distribution of filtered region in case of three wiener filters,

IPPP coding structure, RDO On, the average value about four QPs(22,

27, 32, 37)

Filter ~Region Ratio (%)
Size Sequence
W, w, W, Total
bigships 5255 | 20.63 6.12 79.29
city 5427 | 24.33 | 10.92 | 89.52
720p
raven 59.76 | 23.64 8.98 89.08
shuttlestart 51.03 | 14.93 1.19 67.15
Total 5440 | 20.88 6.08 81.26
&< ekl Zajol). Sle) APeINE ks Bele] S
e %ﬁ} S 24 UL Sl

3
O%E u;] Tl % ot
AT QAo Gyl e Koz r+r4 o e
Aelste] = o 01
2 WH 27} ﬂJEi‘E 23738
Aol H53sl o7 B9 0]501 u

_m‘ O.& _>|: _l_4 l'llg
Soox e o K



628  WEEsE

H 3. Mot

=4 2010 A154 A5z

1215 4sn 753 AlZE &Y 21} IPPP £33 1%, RDO ALZ

Table 3. R-D performance and encoding time of the proposed algorithm, IPPP coding structure, RDO On

Sequence Size QALF . Proposed . Difference. .
BD-Rate (%) | EncTime (ms)| BD-Rate (%) | EncTime (ms) | BD-Rate (%) |EncTime (ratio)

BasketballPass WQVGA 3.38 2427177 4.10 3,322,944 0.72 1.369
BQSquare (416x240) 5.58 1,771,869 5.90 2,546,737 0.32 1.437
flower4 6.86 8,897,004 7.52 11,042,327 0.66 1.241
Keiba3 WVGA 5.98 12,607,746 6.59 15,157,142 0.61 1.202
BasketballDrill (832x480) 11.08 6,482,140 12.67 87,08,888 1.59 1.344
BQMall 5.78 7,055,446 6.42 9,201,828 0.64 1.304
Janine1_8 XGA (1024x768) 7.52 6,192,744 8.86 8,785,024 1.34 1.418
BigShips 6.13 7,181,675 6.81 9,983,082 0.68 1.390
Crew 6.53 13,289,433 7.24 15,164,359 0.71 1.141
Jets “ 2;33‘7’20) 9.11 7,728,931 9.58 10,714,285 0.47 1.386
Night 6.36 8,071,858 7.06 9,763,492 0.70 1.209
Raven 16.00 7,659,498 17.10 9,942,077 1.10 1.297
CrowdRun 1080p 3.79 15,928,818 3.95 18,357,273 0.16 1.152
sunflower (1920x1080) 30.08 17,364,397 31.40 20,349,087 1.32 1171
Average of QWVGA, WVGA and XGA 6.60 - 7.44 - 0.84 1.331
Average of 720p and 1080p 11.14 - 11.88 - 0.73 1.249
Total average 8.87 - 9.66 - 0.79 1.290

()

first wiener filter, Wo

@

M second wiener filter, W+

2 7. Mot ¢mE|Ee| ME o (a) QALFOIAM A& A BasketballPass_416x2402 ZE 1 22 (b) Mot ZmejEoM A
BasketballPass_416x2402| ZE| £ (c) QALFOIM &8 P4t Raven_720p2| EE| B (d) M2t Ln2|F0M & 4t Raven_720p2| ZE| 22
Fig. 7. Example of applying the proposed algorithm (a) the filtered region on the BasketballPass_416x240 sequence in QALF (b) the filtered
region on the BasketballPass_416x240 sequence in the proposed algorithm (c) the filtered region on the Raven_720p sequence in QALF
(d) the filtered region on the Raven_720p sequence in the proposed algorithm
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Fig. 8. Rate-Distortion comparison of QALF and the proposed algorithm, lagrange multiplier A = 6.85, IPPP coding structure, RDO On, QP 22
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