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Abstract

This contribution shows an encoding technique to reduce the number of encoder passes for Wiener-based filter design, and detailed experimental results of Quadtree-based Adaptive Loop Filter (QALF) are reported. This is one of the proposals for Subtest 2 (Wiener-based in-loop filters) in Tool Experiment 10 (Loop filtering). The number of additional encoder passes compared to no adaptive loop filter encoding is two by this technique, which is drastically reduced from QC_ALF adopted in TMuC v0.7, while the loss of the coding efficiency from the TMuC 0.7.1 anchor is 0.5%. A supplemental information to show the coding efficiency loss (0.1%) is also provided that compares multi-pass QALF and the proposed 2-pass QALF. Note that the additional passes are not encoding a picture, but filtering a picture that requires less complexity compared to encoding a picture. This technique is also applicable to the methods that adopt block-based filtering control.

1 Introduction

In TMuC v0.7 [1], QC_ALF [2] is adopted as the reference for the Wiener-based loop filter. At the Geneva meeting, there was a contribution JCTVC-B095 [3] that made an analysis on the number of encoder passes for Wiener-based filter design. This contribution proposes QALF (Quadtree-based Adaptive Loop Filter) [4] with an encoding technique to reduce the number of encoder passes (frame memory access) to Subtest 2 (Wiener-based in-loop filters) in TE10 (Loop filtering), and reports experimental results compared to the TMuC v0.7.1 anchor.

Both QC_ALF and QALF implementation redesign Wiener-based filter multiple times based on a filtering control map, which requires filtering a picture. By re-designing Wiener-based filter based on the filtering control map of the previous filter design, the coding efficiency of QC_ALF and QALF improves. This is a sequential process and frame memory access is required multiple times. In QC_ALF, the current implementation in TMuC v0.7 requires sixteen passes of access for Wiener-based filter design and filtering.

In this contribution, the number of passes for Wiener-based filter design is reduced by reusing the filter designed at the previous frame. By this technique, the number of additional encoder passes compared to no adaptive loop filter encoding is two, which is drastically reduced from QC_ALF adopted in TMuC v0.7, while the loss of coding efficiency from the TMuC 0.7.1 anchor is 0.5%.
This technique is also applicable to the methods that adopt block-based filtering control.

2 QALF with reduction of number of encoder passes

2.1 Algorithm description of QALF

QALF is a loop filter that applies Wiener-based filter to the decoded picture before storing to DPB. QALF is intended to reduce coding noise of the decoded picture, and it is decided slice by slice for luminance and chrominance whether the loop filter is applied to a block. In addition, a filtering control map is determined by quadtree block basis for luminance.
The luminance filter is a point-symmetrical 2-dimential FIR filter including DC offset with non-zero coefficients in a concentric circle as shown in Figure 1. Coefficients of the filter are designed slice by slice at encoder and signaled to decoder. The coefficients are adaptively predicted spatially or temporally (including direct prediction) as proposed in JCTVC-B045 [5].
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Figure 1  Shape of Wiener filter

The chrominance filter is a 5x5-tap point symmetrical rectangular 2-dimentional FIR filter. Coefficients of the filter are designed slice by slice at encoder and signaled to decoder.
2.2 Encoding algorithm of the original QALF

QALF was originally proposed to ITU-T VCEG for the contribution to KTA activity [6], and adopted in JMKTA2.7 [7]. The encoder was implemented to show better coding gain by adopting an encoder technique to redesign Wiener-based filter based on a filtering control map of the previous filter design. In addition, the quadtree block structure for the filtering control map is also determined. These processes are sequentially carried out multiple times by using 5x5 tap filter shape.
When the filter design for 5x5 tap filter shape is completed, Wiener-based filter for the other filter shape such as 7x7 and 9x9 is designed according to the filtering control map of the 5x5 or 7x7 tap filter shape. This process is also carried out sequentially.
Since these processes require sequential processing, it requires frame memory access many times.
2.3 Reduction of number of encoder passes for QALF

In order to reduce the number of encoder passes, the following steps are introduced:

1-1) During the encoding, pre-determined filters with the shape in Figure 1 are applied and initial filtering control maps are decided, where the pre-determined filters are the filters that were designed in the previous slice with the same slice type.  (No additional pass)
1-2) Re-design the Wiener-based filters according to the correlation matrices based on the initial filtering control maps in step 1.  (No additional pass)
2-1) Apply the re-designed filter and the direct mode filters, and decide the filtering control maps, and determine the filter shape.  (First additional pass)

2-2) Re-design the Wiener-based filters according to the correlation matrices derived in step 3 for the next slice.  (No additional pass)
3) Apply the selected filter in step 3 to the deblocked picture according to the filtering control map and write back to DPB.  (Second additional pass)
As for step 3, if an implementation has enough size of frame memory to store all filtered results in step 2, the filtering operation in step 3 is not necessary.

3 Experimental results

The simulation was conducted based on the test conditions in JCTVC-B300 [8] and JCTVC-B310_r3 [9]. Operating environment is 64-bit Microsoft Windows XP PC with quad-core Intel CPU. Table 1 indicates the results of loss coding efficiency of the original QALF and 2-pass QALF (adopting the technique in section 2.3) compared to the TMuC v0.7.1 anchor (QC_ALF).

Table 1  BD-rate Loss (%) of original QALF and 2-pass QALF (High Efficiency)

	
	Random Access
	Low Delay

	
	Original QALF

(Optional info.)
	2-pass QALF

(Mandatory Info.)
	Original QALF

(Optional Info.)
	2-pass QALF

(Mandatory Info.)

	A
	S01
	Traffic
	0.3
	0.4
	N/A
	N/A

	
	S02
	PeopleOnStreet
	1.0
	1.0
	N/A
	N/A

	B
	S03
	Kimono
	0.5
	0.6
	0.5
	0.6

	
	S04
	ParkScene
	0.4
	0.6
	0.1
	0.2

	
	S05
	Cactus
	1.2
	1.4
	0.7
	0.5

	
	S06
	BasketballDrive
	0.7
	1.1
	1.1
	1.0

	
	S07
	BQTerrace
	2.0
	2.1
	0.8
	0.8

	C
	S08
	BasketballDrill
	0.1
	0.2
	0.5
	0.7

	
	S09
	BQMall
	0.1
	0.3
	0.1
	0.2

	
	S10
	PartyScene
	-0.2
	0.4
	0.1
	-0.1

	
	S11
	RaceHorses
	0.8
	0.9
	0.8
	0.8

	D
	S12
	BasketballPass
	-0.1
	0.2
	-0.2
	0.1

	
	S13
	BQSquare
	-1.2
	-1.2
	-0.4
	-0.8

	
	S14
	BlowingBubbles
	-0.2
	-0.2
	0.1
	0.1

	
	S15
	RaceHorses
	0.0
	0.1
	-0.4
	-0.1

	E
	S16
	Vidyo1
	N/A
	N/A
	1.3
	0.9

	
	S17
	Vidyo3
	N/A
	N/A
	1.4
	1.7

	
	S18
	Vidyo4
	N/A
	N/A
	0.1
	0.6

	Class A
	0.7
	0.7
	N/A
	N/A

	Class B
	0.9
	1.2
	0.6
	0.6

	Class C
	0.2
	0.5
	0.4
	0.4

	Class D
	-0.4
	-0.3
	-0.2
	-0.2

	Class E
	N/A
	N/A
	0.9
	1.1

	Total
	0.4
	0.5
	0.4
	0.5


The difference between the original QALF and 2-pass QALF is only 0.1% additional loss. This is good evidence of the possibility of reducing the number of encoder passes and encoder complexity without losing the coding efficiency so much. No difference of the coding efficiency between TMuC v0.7 and v0.7.1 is observed. The results were verified by MediaTek and MERL and reported in JCTVC-C144 [10] and JCTVC-C194 [11], respectively. 14 test points out of 124 were slightly different. One potential reason of this mismatch is that Toshiba uses Windows OS and MediaTek and MERL use Linux OS.
Table 2 indicates the results of relative encoding and decoding time against anchor for 2-pass QALF.

Table 2  Relative encoding and decoding time (%) against anchor
	
	Random Access
	Low Delay

	Encoding Time
	100
	99

	Decoding Time
	100
	98


Table 3 indicates the number of encoder passes for anchor and 2-pass QALF.

Table 3  Number of encoder passes and filtering
	
	Random Access
	Low Delay

	Anchor
	16
	16

	2-pass QALF
	2
	2


4 Conclusion
In this contribution, an encoding technique to reduce the number of encoder passes for Wiener-based filter design are introduced, and detailed experimental results of Quadtree-based Adaptive Loop Filter are reported. The number of additional encoder passes compared to no adaptive loop filter encoding is reduced to two, while the loss of the coding efficiency from the TMuC 0.7.1 anchor is 0.5%. This technique is also applicable to the methods that adopt block-based filtering control and good evidence to of the possibility of reducing the number of encoder passes without losing the coding efficiency so much.
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