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1. Introduction

In order to remove blocking artifacts in low bit-rate block-based video coding, a method named “in-loop deblocking filter” is widely applied. In the deblocking filter of H.264, every boundary between two 4x4 blocks is assigned with a boundary strength. For five different boundary strengths, different filters are applied [1][2]. At most 4 pixels are involved in the deblocking filter, and at most 3 pixels on each side of the boundary are modified with the deblocking filter. Because of high adaptive structure, the loop filter becomes the most complex component in the H.264 decoder, which is about more than 30% [2][3]. Thus, developing a low-complexity and effective-enough filter is useful.

To determine which pixels to update without destroying real edges, Marta Karczewicz made two assumptions [4]. First, the gray-level differences of real edges are larger than that caused by blocking artifacts. Second, real edges with only small gray-level changes are not destroyed visually if smoothed by the filter. The in-loop deblocking filtering of H.264 is mainly developed based on these two assumptions. Taken human visual system (HVS) into consideration, Sung Deuk Kim made an assumption that the blocking artifacts in flat area is more sensitive to HVS and a strong filter must be applied; a sophisticated smoothing filter is better for the areas with rich details[5]. The deblocking filter of MPEG-4 is based on this assumption. 

Considering all these 3 assumptions together, we developed a simplified loop filter. The essential reason causing the blocking artifacts is quantization [2][5][6]. And the motion vectors only influence the block boundaries indirectly. The difference of motion vectors of neighboring blocks is not the necessarily condition which leading to blocking artifacts. The statistic coding error with the same QP is the same. So weather the blocks contain coefficient can be removed from the deblocking filter mode decision tree to simplify the whole debblocking process. When deciding what types of filters to be applied, it is enough that only macroblock types and QP values are used. The adaptiveness of loop filter can be at macroblock level, while in H.264 it is at block boundary level. By reducing the number of comparisons and conditional operations, the total complexity of loop filter decrease a lot with this new decision method. To further simplify the deblocking process, the number of pixels involved in filtering reduces from 8 (see Figure. 1) to 4 (see Figure. 2). By doing this, parallel operation can be achieved in filtering, because there are no overlapped pixels between two neighbouring block boundarys.
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Figure. 2
2. Proposed method

2.1 Mode decision

    Intra-prediction macroblock usually has bigger residual than that of inter-prediction macroblock. This will lead to stronger blocking artifacts at the same quantization step. So a stronger filter should be applied on intra-prediction macroblock boundary. On the other hand, a weaker filter is applied to inter macroblock. When the macroblock type is P_Skip, there is no prediction residual, so the deblocking filter is not necessary for all QPs. Based on different macroblock types and QP values, three loop filtering schemes are used. 

First, for intra macroblock, Intra Filter Mode is applied to each block boundary in the macroblock and the macroblock’s up and left boundary. (Figure 3)

Second, for inter macroblock which is not P_Skip or QP is larger than a certain threshold, Inter Filter Mode is used. 

Third, for inter macroblock whose type is P_Skip and QP is smaller than the threshold, no filter is applied.
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Figure 3 Block boundary needed to apply deblocking filter

For each Inter or Intra Filter Mode edge, if the following three conditions hold true, then the filter is applied. (Similar to H.264)
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IndexA ，IndexB，αand β are the same as that in H.264.

2.2 Filter process

For Intra Filter Mode:

delta = Clip3(–CI, CI, (((q0 –p0) × 4 + (p1 – q1) + 4) >> 3))

delta1 = delta>>1

P0 = Clip1(p0 + delta)

P1 = Clip1(p1 + delta1)

Q0 = Clip1(q0 –delta)

Q1 = Clip1(q1 –delta1)

For Inter Filter Mode:

delta = Clip3(–CP, CP, (((q0 –p0) × 4 + (p1 – q1) + 4) >> 3)
delta1 = delta>>1

if (Abs(p0- p1)< (β>>1) )

{

P0 = Clip1(p0 + delta)

P1 = Clip1(p1 + delta1)

}

else

P0 = Clip1(p0 + delta1)

if (Abs(q0- q1)< (β>>1))

{

Q0 = Clip1(q0 –delta)

Q1 = Clip1(q1 –delta1)

}

else

Q0 = Clip1(q0 –delta1)

CI and CP, is the Clip of I slice and P slice. It can be mapped from the table. CI use the Bs=3 part of Table 8‑15 in H.264[1] and CP use the Bs=2 part of the same table. (2 rows’ table are required here other than H.264’s 3 rows’). 

For luma 

CI=tc0[IndexA][3]+2,

CP=tc0[IndexA][2]. 

For chroma 

CI=tc0[IndexA][3], 

CP=tc0[IndexA][2]-1.

3. Difference between proposed method and H.264’s deblocking filter

1. Filtering strength decision is made at macroblock level instead of block level.

2. The number of strength levels is reduced from 5 to 3.

3. No motion vector information and coefficient information is needed in the filtering strength decision.

4. 4. At most 2 pixels on each side of the boundary is involved and modified in filter process so that there is no overlap between two neighboring boundaries and parallel operation can be achieved in filtering.

5. There are fewer process branches and content-adaptive operations in the filter process.

6. Fewer tables (4 tables other than 5 tables) are needed for the proposed method (1 for (, 1 for β and 2 for Clip) than that for H.264 (1 for (, 1 for β and 3 for Clip)

4. Complexity analysis 

The key advantage of the proposed deblocking filter is its reduction of the complexity. So here we analyze the complexity of the proposed loop filter and that of H.264. The comparison of complexity contains two parts: complexity of mode decision, complexity of operations in filtering.
4.1. Complexity of mode decision

The H.264’s loop filter calculates Bs at the block boundary level. The Bs tree is shown in Figure 4.

The comparison of each step in the Bs tree is shown below:

a: 1 times

b: 1 times

c: 1 times

d: 1 times

e: 1 times

So for each block boundary the worse case 4 times conditional operations are required, which means for a whole macroblock 4*16*2=128. Additionally, many data fetch process and logical operations are required.

In the proposed method, mode decision is made at macroblock level. The tree structure is shown in Figure 5.

The comparison of each step in the tree structure is shown below:

a: 1 time

b: 1 times

So for a macroblock, the worst case is 2 times conditional operations are required to select filter mode.
The sample-level filtering decisions are almost the same as that of H.264.

It is obvious that the complexity of the proposed mode decision method is extremely simplified. 
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Figure 4 Bs tree of H.264
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Figure 5 Bs tree of proposed method

4.2. Complexity of filtering
The filtering of the proposed method is similar to that of H.264 with Bs from 1 to 3 except that fewer branches, fewer content-adaptive operations and fewer pixels are involved and modified in the proposed method. Additionally, fewer mapping tables are required in the proposed filtering process.

5. Experiment result

    The proposed low complexity in-loop deblocking filter has the performance of no significant degradation from H.264 by simulation on JM76. Detailed results are given in the following table.

	Sequence
	AVSNR gain of proposed method to H.264 (dB)
	Bitrate increment of proposed method to H.264 (%)

	Bus_cif
	-0.16972
	3.577345

	Bus_qcif
	-0.1087
	2.21267

	Football_cif
	-0.029
	0.611422

	Football_qcif
	-0.04213
	0.881028

	Foreman_cif
	-0.11005
	2.655063

	Foreman_qcif
	-0.07207
	1.482303

	Mobile_cif
	-0.12963
	2.967096

	Mobile_qcif
	-0.09518
	2.141404

	News_cif
	-0.15575
	2.916221

	News_qcif
	-0.16284
	2.816508

	Paris_cif
	-0.08577
	1.746703

	Paris_qcif
	-0.07991
	1.535229

	Tempete_cif
	-0.14145
	3.486012

	Tempete_qcif
	-0.12231
	2.741398

	Average
	-0.10747
	2.269315


6. Conclusion

The low complexity deblocking filter proposed in this contribution greatly reduces the complexity without significant degradation of objective and subjective quality. The simplicity comes from simplified mode decision, less boundary strength levels, and simplified and friendly-to-parallel-processing filtering process. 
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