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1. Overview

Two documents [2][3] were presented at the last meeting as valid options to adjust the deblocking filter to the particularities of chroma.  In both cases, the computation of the clipping threshold C, as specified by the standard, was pointed out as inconsistent an overly complex for chroma filtering.

As a part of JVT-D037, an alternative computation of C was considered. Hence, instead of computing C = C0 + ap + aq as it is done for luma, it was proposed to compute C = C0 + 1 in case of chroma. With this small modification, the complexity of chroma filtering when Bs<4 was reduced by approximately 20%, without affecting the visual quality of the coded sequences. 

Within JVT-D049, an alternative method was proposed. In this case, the strong filter that applies when both ap and aq are smaller than (, was pointed out as a valid default filter for chroma.  Following this approach, not only the computation of ap and aq was avoided, but also the computation of the different clippings.  On that basis, the complexity reduction was even stronger at the expense of a small drop off on the chroma PSNR values.

As both proposals seemed to have their own merits, no decision was taken as a result of their presentation at the Klagenfurt meeting.  Their further study and comparison was reported to an ad-hoc group, leaving the simplification of the chroma deblocking as an open issue for the next meeting in Geneva.

The goal of this contribution is to propose a common solution that merges and improves the previous approaches.

2. Common proposal

With this common proposal, we ratify the importance of simplifying the computation of the chroma deblocking.  Furthermore, some of the solutions that were initially conceived for the default chroma filtering (Bs<4), have now been extended also to the computation of the strong chroma filtering (Bs=4).  Let us detail them.

2.1.  Default Chroma Filtering (Bs<4)

The followed approach when Bs<4 corresponds to the one presented in JVT-D037.  According to that, the computation of the clipping threshold is simplified, but the use of the clipping function retained. With this modification, there is no need to perform the calculations of ap and aq, and therefore no need to load p2 and q2. As a result of this change there is a reduction in complexity for the default chroma filtering that goes up to a 20%. This approximate value is based on counting the total number of required operations in the filtering, as well as analyzing optimized implementations on a media processor and a general-purpose processor. There is no objective or subjective quality loss.

Current standard:


ap=|p2-p0| < (

aq=|q2-q0| < (

C = C0


C = (ap< () ? C + 1: C


C = (aq< () ? C + 1: C

Proposal:


C = C0 + 1

Changes on the standard specifications:

This proposal affects only the last sentence of Section 8.7.3.   In this case, a differentiation between luma and chroma on the computation of the threshold C is required.

8.7.3. Filtering of edges with Bs < 4

[…]

For luma, C is determined by setting it equal to C0 and then incrementing it by one if ap<( and again by one if aq<(. For chroma, C is computed directly as C0 + 1.
2.2.  Strong Chroma Filtering (Bs=4)

Accepting the previous change, we estimate that the computation of ap and aq should also be reconsidered for the case of strong chroma filtering.  This approach goes in line with JVT-D049, where the role of the simplest strong filter was emphasized. Hence, we would like to propose the following simplification:

Current standard:


ap=|p2-p0| < (

aq=|q2-q0| < (
          If ( ap && |p0-q0|< (((>>2) + 2) )



Filtering according to the Equations 8.72, 8.73


Otherwise



Filtering according to the Equation 8.75

            If ( aq && |p0-q0|< (((>>2) + 2) )



Filtering according to the Equations 8.77, 8.78


Otherwise



Filtering according to the Equation 8.80

Proposal:


In all cases:



Filtering according to the Equations 8.75 and 8.80

Changes on the standard specifications:

The inclusion of this proposal tends to simplify the text in Section 8.7.4, leaving it as follows:

8.7.4. Filtering of edges with Bs = 4

For luma, when Bs is equal to 4 and the following condition holds:

ap < (  && |p0 – q0| < ((( >> 2) + 2)

(8-71)

filtering of the left/upper side of the block edge is specified by Equations 8-72, 8-73 and 8-74.

P0 = ( p2 + 2*p1 + 2*p0 + 2*q0 + q1 + 4) >> 3
(8-72)

P1 = ( p2 + p1 + p0 + q0 + 2) >> 2

(8-73)

P2 = ( 2*p3 + 3*p2 + p1 + p0 + q0 + 4) >> 3
(8-74)
For chroma, and when the condition of 8-71 does not hold for luma, the filter in Equation 8-75 is applied.

P0 = ( 2*p1 + p0 + q1 + 2) >> 2

(8-75)
Similarly, for filtering luma on the right/lower side of the edge, if the following condition holds:

 aq < (  && |p0 – q0| < ((( >> 2) +2)

(8-76)

filtering is defined by Equations 8-77, 8-78 and 8-79.

Q0 = ( p1 + 2*p0 + 2*q0 + 2*q1 + q2 + 4) >> 3
(8-77)
Q1 = ( p0 + q0 + q1 + q2 + 2) >> 2

(8-78)
Q2 = ( 2*q3 + 3*q2 + q1 + q0 + p0 + 4) >> 3
(8-79)
For chroma, and when the condition of 8-76 does not hold for luma, the filter in Equation 8-80 is applied:

Q0 = ( 2*q1 + q0 + p1  + 2) >> 2

(8-80)
As a result of this simplification, the length of the strong filter is reduced but a chroma filter without clipping is still available.  Results have shown that there is no significant loss in quality, neither on the PSNR values nor on the subjective tests.

The second modification, to Bs=4 filtering, similarly eliminates the loads of p2 and q2. Additionally, fewer samples are filtered, reducing the number of stores. The conditional logic for selecting a filtering mode is removed and the number of operations required for the filtering equations in the worst-case is reduced significantly, by over 50%. Although it is hardware-dependent, we estimate the overall complexity reduction the Bs=4 chroma filtering to be 50% or more.
3. Experimental results

Experimental results are provided on seven test sequences using the JM4.3 reference software. The following parameters have been selected to configure the encoder:

Intra period:


0

QP:



28, 32, 36, 40

Motion vector resolution: 
1/4 pel

Number of reference frames: 
2

Number of B frames:

0 

Entropy coding method:
CAVLC

Test sequences:

· Container, News and Foreman (Frame Skip  2) 

· Paris and Silent (Frame Skip 1)

· Mobile and Tempete (Frame Skip 0)

For more details of the effects on coding efficiency, we are sending jointly with this contribution a summary of our results in a spreadsheet (JVT_E089.xls).

Since the proposed changes only affect the chroma deblocking, PSNR for the Y component remains unchanged. PSNRU and PSNRV gain 0.08 dB in average.

	Sequence
	Bjontegaard Delta PSNR U (dB)
	Bjontegaard Delta PSNR V (dB)

	Foreman
	0.003
	0.002

	Container
	0.002
	-0.008

	Silent
	0.079
	0.034

	News
	-0.036
	0.000

	Mobile
	0.002
	-0.004

	Paris
	-0.003
	0.021

	Tempete
	0.000
	0.028

	Overall average
	0.006
	0.010


Table 1. (  Bjontegaard delta PSNR for QP=28, 32, 36, 40 for the proposed changes compared to JM4.3.

In most cases visual quality remains unchanged. In some particular sequences with large uniform zones slight differences can be detected due to the smaller size of the strong filter (see Figure 1).  On other sequences, the capability of preserving chroma details clearly improves the current filter and reduces double-edge artifacts  (see Figure 2).

In order to let other experts to judge by themselves, all the coded video sequences will be available for display at the Geneva meeting.

4. Conclusions

We present two simplifications to the deblocking filtering for chroma. The first modification reduces the complexity of the default-mode filtering by approximately 20% by removing some redundant calculations. There is no loss in quality, objective or subjective. The second modification greatly simplifies the strong-mode chroma filtering. Changes in the visual quality due to this modification are strongest for intra-coded frames and, even here, nearly imperceptible.
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(b1) JM 43 with new chroma filtering.

Figure 1. - Detail on Tempete sequence, inter frame 240.
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(b1) JM 43 with new chroma filtering.

Figure 2. - Detail on News sequence, inter frame 41.
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