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1.  Overview

In this contribution we propose the simplification of the deblocking filter currently implemented in the standard [1].  Within the whole process, we aim at reducing the number of line-based operations, which are by far the most demanding term when evaluating the computational cost of filtering.  On average, the proposed method uses 55.92% fewer operations and 47.81% fewer operations for QP=24 than the JM 1.9 deblocking filter for QP=16.  

Towards this goal, we have analyzed the deblocking algorithm in order to figure out those parts with the lowest quality gain versus computational cost ratio. Hence the simplification we propose affects the following parts of the algorithm:

· Transition filtering may be skipped for certain intensity levels.  Given that the human visual system is less sensitive to contrast in dark and bright regions, deblocking is not required.  This simplification can strongly reduce the computational cost depending on the sequence.

· Suppression of strong filters. Such a simplification greatly reduces the complexity of the worst case as well as the number of comparisons involved in the filter selection step.

· Simplification of the chrominance filter on the basis of the lower resolution of the chrominance components and the small length of filters.

· Chrominance filtering is linked to luminance filtering.  The suppression of the decision criteria for chrominance filtering reduces the cost of deblocking to the cost of filtering since no decision or selection operations are required.

Hereunder we describe the details of this approach and present some experimental results using JM 1.9, which proves the effectiveness of our proposal. Furthermore, being the core of the technique preserved, the quality of the results does not suffer any significant degradation.  

2. Simplification of the deblocking filter

As stated in the overview, our simplification applies only to the line-based filtering steps of the JM 1.9 deblocking filter.  Therefore, the block-based computation of the boundary strength (Bs) has not been modified.  Actually we continue using Bs to decide the intensity of the filter applied on each transition.   

The deblocking algorithm proceeds in three steps when it applies to a transition. In a first step it decides if the transition must be filtered or not.  This decision relies on line-based criteria as well as on other block-based parameters previously evaluated.  For those cases it decides to filter, there is a second step in which the filter to apply has to be selected.  Finally, the last step consists in the filtering process itself, where the value of a certain number of pixels surrounding the block edge is modified in order to smooth this transition.  Following these three steps we describe our approach for filtering, first the luminance and then the chrominance components.   The set of eight pixels involved in the filtering of a transition will be denoted by:

	p3
	p2
	p1
	p0
	q0
	q1
	q2
	q3


where the block edge is located between p0 and q0.

2.1 Inclusion of a new condition in the filtering decision process 

In order to reduce the number of filtered transitions, and hence the computational cost, we have added an additional condition based on the intensity of the luminance component. We aim at skipping the deblocking of those transitions that fall in a range of values too dark or too bright to be differentiated by the human eye.  For simplicity, in our current implementation this criterion is only evaluated on one pixel around the transition:

p0 > Ymin   AND   p0 < Ymax
Only those transitions that verify both the basic and these additional conditions will be filtered.  Based on our simulations, the thresholds have been fixed to Ymin=48 and Ymax=232.

This new criterion increases the number of operations involved in the decision process from 10 (in JM 1.9) to 12 (see Table 2.1).  Even with the introduction of two extra comparisons, experiments have shown that the overall number of operations is reduced, because of the computations saved when the decision is made not to filter the line transition. Experiments also have shown that the reduction in operations comes without a significant loss of quality, even though the actual reduction depends on the sequence.

2.2 Suppression of strong filtering

Once the algorithm makes the decision of whether or not to filter the line transition, the filter strength has to be chosen in order to fit the characteristics of the transition.  Filtering aims at: 1) smoothing the gap as much as possible; without 2) blurring the real contours of the objects.

Towards this goal, the JM 1.9 algorithm considers two possibilities: strong and normal filtering.  Strong filters are based on a 5-tap approach that modifies (p2, p1, p0, q0, q1, q2) when filtering luminance transitions (F6*)
 and only (p1, p0, q0, q1) when filtering chrominance (F4*). Strong filters apply only to some INTRA coded macroblocks within large homogeneous zones (see [1] for more details).  

Such constraints strongly limit the use of the strong filters and lead us to question their real effectiveness: 1 condition has to be added in all cases to differentiate INTER from INTRA coded macroblocks, and for these last ones 11 extra operations are needed before deciding if the use of an strong filter applies.

According to our experiments, the cost of making this differentiation seems not to compensate for gain it provides in terms of visual quality.  For this reason, in our approach the largest normal filter (F4 for luminance and F2 for chrominance) has occupied the place of the stronger ones. 

	Luminance:
	F6* (p2, p1, p0, q0, q1, q2)
	(
	F4 (p1, p0, q0, q1)

	Chrominance:
	F4* (p1, p0, q0, q1)
	(
	F2 (p0, q0)


Note how this change 1) simplifies the choice of the filter (for chrominance filtering the same filter is applied in all cases and no selection is required); 2) reduces the complexity of the filtering step (both filters are smaller); and as the most important point, 3) greatly reduces the complexity of the worst case (see Table 2.1).

2.3 Simplification of small filters

The filtering technique actually implemented in JM 1.9 performs a very good job when deblocking strongly deteriorated images.  Used filters used are expensive in terms of computational cost, but effective in terms of the quality achieved.

To tackle this trade off between cost and quality, in our approach we have adopted the original filtering technique for the larger filters (F4 and F3) while proposing a simpler one when only two pixels are involved in the deblocking process (F2).  Depending on if we are filtering luminance or chrominance, our approach proceeds as follows:

· Luminance: F2 (p0, q0) is simply suppressed on the basis of the low impact of such changes in the luminance image.

· Chrominance: because the resolution of these components is smaller, the importance of F2(p0, q0) is larger.  However, as only two pixels are considered for deblocking, we propose a simpler technique that provides similar results while strongly reducing the computational cost of this filtering:




P0   =  (    q1  + 3*p1 )  >>  2




Q0  = ( 3*q1  +     p1 )  >>  2

The reduction in the number of operations per transition filtered can be observed in Table 2.1. Note that in the case of the chrominance filtering, such a simplification has a deep impact in the overall complexity of the algorithm given that the F2 is the only filter defined for deblocking the U and V components, thereby eliminating the comparisons needed to determine the filter choice for chroma blocks.

2.4 Chrominance filtering is linked to luminance filtering

In the JM 1.9 implementation of the deblocking filter, all the color components of the YUV signal are filtered independently.  Such a procedure ensures the best quality when deblocking color, however it forces both the filtering decision and the filter selection to be recomputed for the chrominance, even if these components have lower resolution and a smaller impact in the subjective evaluation of the visual quality.

In the algorithm we propose the decision of filtering the chrominance transitions to be linked to the decision of filtering already taken for the luminance transition.  As this simplification affects to all the filtered transitions for the chrominance components, it has a deep impact on the final complexity of the algorithm.   This fact can be easily observed when analyzing the experimental results in the following section.
To summarize all the simplifications proposed in this contribution, Table 2.1 gives the number of operations incurred when deblocking a transition with both the original and the simplified version of the algorithm.  Note that in our approach the strong filtering is not differentiated any more from normal filtering.  

	ORIGINAL VERSION
	comp
	shift
	sum
	mult
	TOTAL

	Luma
	
	
	
	
	
	

	
	Filtering decision
	7
	0
	3
	0
	10

	
	Filter selection  (intra)
	9
	1
	2
	0
	12

	
	Filter selection  (inter)
	6
	0
	2
	0
	8

	
	F3   (p2, p0, q0)
	8
	4
	10
	0
	22

	
	F3   (p0, q0, q1)
	8
	4
	10
	0
	22

	
	F4   (p1, p0, q0, q1)
	10
	6
	13
	0
	29

	
	F6* (p2, p1, p0, q0, q1, q2)
	0
	12
	29
	0
	41

	Chroma
	
	
	
	
	
	

	
	Filtering decision
	7
	0
	3
	0
	10

	
	Filter selection  (intra)
	9
	1
	2
	0
	12

	
	Filter selection  (inter)
	5
	0
	2
	0
	7

	
	F2   (p0, q0)
	6
	2
	7
	0
	15

	
	F4* (p1, p0, q0, q1)
	0
	8
	19
	0
	27


	OUR APPROACH
	comp
	shift
	sum
	mult
	TOTAL

	Luma
	
	
	
	
	
	

	
	Filtering decision
	9
	0
	3
	0
	12

	
	Filter selection
	5
	0
	2
	0
	7

	
	F3   (p1, p0, q0)
	8
	4
	10
	0
	22

	
	F3   (p0, q0, q1)
	8
	4
	10
	0
	22

	
	F4   (p1, p0, q0, q1)
	10
	6
	13
	0
	29

	Chroma
	
	
	
	
	
	

	
	Filtering decision
	0
	0
	0
	0
	0

	
	Filter selection
	0
	0
	0
	0
	0

	
	F2   (p0, q0)
	0
	2
	2
	2
	6


Table 2.1. ( Number of operations involved in the deblocking process of one transition. 

3. Experimental results

Experimental results are provided on six test sequences using the JM 1.9 implementation of the standard.  The following parameters have been selected to configure the encoder:

Intra period:


0 and 15

QP:



24

Motion vector resolution: 
1/4 pel

Inter block search:

all modes enabled

Number of reference frames: 
2

Number of B frames:

0 

Entropy coding method:

CABAC

Tables 3.1 and 3.2 allow comparing the gain achieved by our technique on two different sequences: Foreman (qcif) and Tempete (cif).  The cost of deciding, selecting and filtering is expressed as the total number of operations required (see Table 2.1 presented before).  Besides, for each filter, its percentage of use is provided. Bold numbers at the bottom of tables represent the total number of operations needed to filter one transition.  

         ORIGINAL VERSION

	Luma
	Cost
	% use
	Chroma
	Cost
	% use

	F2   (p0, q0)
	0
	0.036
	F2   (p0, q0)
	15
	0.984

	F3   (p1, p0, q0)
	22
	0.100
	F4* (p1, p0, q0, q1)
	27
	0.016

	F3   (p0, q0, q1)
	22
	0.097
	
	
	

	F4   (p1, p0, q0, q1)
	29
	0.748
	
	
	

	F6* (p2, p1, p0, q0, q1, q2)
	29
	0.020
	
	
	

	
	
	
	
	
	

	Cost of deciding
	10
	
	Cost of deciding
	10
	

	Cost of selecting (intra)
	12
	
	Cost of selecting (intra)
	12
	

	Cost of selecting (inter)
	8
	
	Cost of selecting (inter)
	7
	

	Cost of filtering
	
	27.355
	Cost of filtering
	
	15.192

	TOTAL 
	
	45.435
	
	
	32.192


         OUR APPROACH

	Luma
	Cost
	% use
	Chroma
	Cost
	% use

	F0
	0
	0.065
	F0
	0
	0.103

	F2   (p0, q0)
	0
	0.036
	F2   (p0, q0)
	6
	0.897

	F3   (p1, p0, q0)
	22
	0.096
	
	
	

	F3   (p0, q0, q1)
	22
	0.093
	
	
	

	F4   (p1, p0, q0, q1)
	29
	0.710
	
	
	

	
	
	
	
	
	

	Cost of deciding F0
	2
	
	Cost of deciding
	0
	

	Cost of deciding F2, F3, F4
	12
	
	
	
	

	Cost of selecting F0
	0
	
	Cost of selecting
	0
	

	Cost of selecting F2, F3, F4
	7
	
	
	
	

	Cost of filtering
	
	24.733
	Cost of filtering
	
	5.381

	TOTAL 
	
	42.626
	
	
	5.381


Table 3.1. ( Complexity comparison based on the number of operations required to deblock one transition.  Results are presented on the Foreman sequence for QP=24.

         ORIGINAL VERSION

	Luma
	Cost
	% use
	Chroma
	Cost
	% use

	F2   (p0, q0)
	0
	0.071
	F2   (p0, q0)
	15
	0.976

	F3   (p1, p0, q0)
	22
	0.136
	F4* (p1, p0, q0, q1)
	27
	0.024

	F3   (p0, q0, q1)
	22
	0.127
	
	
	

	F4   (p1, p0, q0, q1)
	29
	0.642
	
	
	

	F6* (p2, p1, p0, q0, q1, q2)
	29
	0.023
	
	
	

	
	
	
	
	
	

	Cost of deciding
	10
	
	Cost of deciding
	10
	

	Cost of selecting (intra)
	12
	
	Cost of selecting (intra)
	12
	

	Cost of selecting (inter)
	8
	
	Cost of selecting (inter)
	7
	

	Cost of filtering
	
	26.440
	Cost of filtering
	
	15.283

	TOTAL 
	
	44.532
	
	
	32.401


         OUR APPROACH

	Luma
	Cost
	% use
	Chroma
	Cost
	% use

	F0
	0
	0.430
	F0
	0
	0.493

	F2   (p0, q0)
	0
	0.052
	F2   (p0, q0)
	6
	0.507

	F3   (p1, p0, q0)
	22
	0.080
	
	
	

	F3   (p0, q0, q1)
	22
	0.077
	
	
	

	F4   (p1, p0, q0, q1)
	29
	0.361
	
	
	

	
	
	
	
	
	

	Cost of deciding F0
	2
	
	Cost of deciding
	0
	

	Cost of deciding F2, F3, F4
	12
	
	
	
	

	Cost of selecting F0
	0
	
	Cost of selecting
	0
	

	Cost of selecting F2, F3, F4
	7
	
	
	
	

	Cost of filtering
	
	13.921
	Cost of filtering
	
	3.044

	TOTAL 
	
	25.609
	
	
	3.044


Table 3.2. ( Complexity comparison based on the number of operations required to deblock one transition.  Results are presented on the Tempete sequence for QP=24.

In both cases we can observe that linking the chrominance filtering to the luminance decision of filtering provides the most reduction in terms of computational cost.  The simplification of F2 for chrominance is also of great importance.

Furthermore, an important reduction can also be obtained depending on the sequence when skipping the filtering of those transitions too dark or too bright to be visually distinguished.  The number of all these unfiltered transitions is associated to a dummy filter F0.  Note also that in our approach all the luminance transitions classified as F2 are not filtered. 

Tables 3.3 and 3.4 provide the gains in terms of cost reduction, delta PSNR and delta bitrate for QP=16 and QP=24. For each sequence, the reduction associated to the filtering of the luminance (Y) and chrominance components (UV) is given independently.  

When comparing the proposed method to JM 1.9 with QP=24, there is a reduction in operations for deblocking of 39.53% on average for the QCIF sequences and of 56.09% on average for the CIF sequences.  The overall average reduction in this case was 47.81%.  However it is interesting to notice that reduction increases for lower QPs.  For QP=16 the overall average reduction goes up to 55.92%. Furthermore there is not a significant loss in terms of PSNR.   The visual quality of the initial Intra frame for the proposed method as compared to JM1.9 can be seen in Figure 3.1 for the Foreman sequence and Figure 3.2 for the Mobile sequence.

	Sequence
	Format
	( cost/luma
	( cost /chroma
	( cost /frame

	Foreman
	qcif
	-8.49%
	-90.33%
	-46.45%

	Container
	qcif
	1.50%
	-92.19%
	-49.17%

	Silent
	qcif
	-8.11%
	-91.93%
	-48.28%

	QCIF average
	
	-5.03%
	-91.48%
	-47.96%

	Mobile
	cif
	-14.52%
	-95.48%
	-64.78%

	Paris
	cif
	-7.05%
	-93.38%
	-54.33%

	Tempete
	cif
	-36.46%
	-96.74%
	-72.55%

	CIF average
	
	-19.34%
	-95.20%
	-63.88%

	Overall average
	
	-12.18%
	-93.34%
	-55.92%


	Sequence
	Format
	( PSNRY
	( PSNRU
	( PSNRV
	( Bitrate

	Foreman
	qcif
	-0.01dB
	-0.07dB
	-0.16dB
	0.74%

	Container
	qcif
	-0.01dB
	-0.52dB
	-0.29dB
	0.66%

	Silent
	qcif
	-0.01dB
	-0.37dB
	-0.34dB
	0.24%

	QCIF average
	
	-0.01dB
	-0.32dB
	-0.26dB
	0.54%

	Mobile
	cif
	-0.01dB
	-0.17dB
	-0.27dB
	1.40%

	Paris
	cif
	-0.01dB
	-0.55dB
	-0.51dB
	0.32%

	Tempete
	cif
	-0.04dB
	-0.39dB
	-0.33dB
	1.29%

	CIF average
	
	-0.02dB
	-0.37dB
	-0.37dB
	1.00%

	Overall average
	
	-0.01dB
	-0.34dB
	-0.31dB
	0.77%


Table 3.3. ( Comparison between the simplified proposal and original JM1.9 software. QP=16.
	Sequence
	Format
	( cost/luma
	( cost /chroma
	( cost /frame

	Foreman
	qcif
	-4.63%
	-87.17%
	-39.92%

	Container
	qcif
	-5.74%
	-89.78%
	-42.21%

	Silent
	qcif
	-2.36%
	-86.87%
	-36.45%

	QCIF average
	
	-4.24%
	-87.94%
	-39.53%

	Mobile
	cif
	-14.91%
	-92.98%
	-58.29%

	Paris
	cif
	-6.79%
	-90.50%
	-47.56%

	Tempete
	cif
	-32.65%
	-93.73%
	-62.41%

	CIF average
	
	-18.12%
	-92.40%
	-56.09%

	Overall average
	
	-11.18%
	-90.17%
	-47.81%


	Sequence
	Format
	( PSNRY
	( PSNRU
	( PSNRV
	( Bitrate

	Foreman
	qcif
	0.00dB
	0.06dB
	-0.01dB
	0.15%

	Container
	qcif
	0.04dB
	-0.53dB
	-0.14dB
	-0.44%

	Silent
	qcif
	-0.01dB
	-0.24dB
	-0.03dB
	0.78%

	QCIF average
	
	0.01dB
	-0.23dB
	-0.06dB
	0.49%

	Mobile
	cif
	-0.01dB
	-0.17dB
	-0.27dB
	2.35%

	Paris
	cif
	-0.05dB
	-0.37dB
	-0.37dB
	0.25%

	Tempete
	cif
	-0.03dB
	-0.25dB
	-0.26dB
	1.40%

	CIF average
	
	-0.05dB
	-0.26dB
	-0.30dB
	1.33%

	Overall average
	
	-0.02dB
	-0.24dB
	-0.18dB
	0.91%


Table 3.4. ( Comparison between the simplified proposal and original JM1.9 software. QP=24.

	Sequence
	Bjontegaard Delta bitrate %
	Bjontegaard Delta PSNR (dB)

	Foreman
	 0.51
	-0.024867

	Container
	-0.16
	0.006602

	Silent
	 0.62
	-0.027659

	QCIF average
	0.32
	-0.015308

	Mobile
	 2.36
	-0.103342

	Paris
	1.18
	-0.055867

	Tempete
	2.36
	-0.094761

	CIF average
	1.96
	-0.084656

	Overall average
	1.14
	-0.049982


Table 3.5(  Bjontegaard delta PSNR and bitrate values for QP=16, 20, 24, and 28 for the proposed method compared to JM1.9.
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Figure 3.1(a) Foreman with JM 1.9  (QP=24)
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Figure 3.1 (b) Foreman with Proposed Method (QP=24)
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Figure 3.2 (a) Mobile with JM 1.9 (QP=24)
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Figure 3.2(b) Mobile with Proposed Method (QP=24)
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