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1. Introduction
This document proposes a change to the 5-tap filter used in inloop deblocking.  The deblocking algorithm used in the current (JM 2.0) test model switches from a 4-tap filter to a stronger 5-tap filter for smooth regions of the frame.  Specifically, the 5-tap filter is used on the macroblock edges of INTRA_16x16 macroblocks in smooth parts of the image.  By using a pseudo-random addition factor in the filter definition, a small (+/- 0.5 LSB) dither is applied to the filtered image.  This dithering effect improves visual quality for two reasons:

1. It allows for effective smoothing between blocks that differ by a single luminance level

2. It visually “breaks-up” the block structure that can remain even after filtering
While the proposed scheme improves visual quality, the effect on bitrate and PSNR are negligible, as results will show.  To further improve visual quality, additional results will be presented using a recursive version of the 5-tap filter.
2. Proposal
In the following description, the set of eight pixels across a 4x4 block horizontal or vertical boundary is denoted as

	p3
	p2
	p1
	p0
	q0
	q1
	q2
	q3


with the actual boundary between p0 and q0. The structure of the proposed 5-tap filter is unchanged, except for the use of a look-up table for the rounding addition.
2.1 Dithered 5-tap Filter
Specifically, the definition of the new dithering 5-tap filter is:


P0
=
( p2 + 2*p1 + 2*p0 + 2*q0 + q1 + ditherP[pos])  /  8


P1
=
( p3 + 2*p2 + 2*p1 + 2*p0 + q0 + ditherP[pos])  /  8


Q0
=
( p1 + 2*p0 + 2*q0 + 2*q1 + q2 + ditherQ[pos])  /  8


Q1
=
( p0 + 2*q0 + 2*q1 + 2*q2 + q3 + ditherQ[pos])  /  8

For luma only, p2 and q2 are also filtered:

P2
=
( 2*p3 + 3*p2 + p1 + p0 + q0 + ditherP[pos])  /  8


Q2
=
( 2*q3 + 3*q2 + q1 + q0 + p0 + ditherQ[pos])  /  8

With:

ditherP[16] = { 4, 5, 3, 6, 2, 7, 1, 5, 3, 1, 7, 2, 6, 3, 5, 4 }; 

ditherQ[16] = { 4, 3, 5, 2, 6, 1, 7, 4, 4, 7, 1, 6, 2, 5, 3, 4 }; 

and pos being the horizontal or vertical position of the filtered pixel during vertical or horizontal filtering, respectively.  Because, the pseudo-random rounding factor is based on the pixel location, the decoder can exactly reproduce the result, avoiding any mismatch.
2.2 Recursive Dithered 5-tap Filter
Additionally, a recursive version of the 5-tap filter has shown to provide additional visual gain.  The recursive version of the 5-tap filter the definition is:


P0
=
( p2 + 2*p1 + 2*p0 + 2*q0 + q1 + ditherP[pos])  /  8


P1
=
( p3 + 2*p2 + 2*p1 + 2*P0 + q0 + ditherP[pos])  /  8


Q0
=
( p1 + 2*p0 + 2*q0 + 2*q1 + q2 + ditherQ[pos])  /  8


Q1
=
( p0 + 2*Q0 + 2*q1 + 2*q2 + q3 + ditherQ[pos])  /  8

For luma only, p2 and q2 are also filtered:

P2
=
( 2*p3 + 3*p2 + 2* P1 + P0 + ditherP[pos])  /  8


Q2
=
( 2*q3 + 3*q2 + 2* Q1 + Q0 + ditherQ[pos])  /  8

2.3 Scan order and “delta” change
With the current order of edge filtering, some pixels that hold dither from the 5-tap filter with be smoothed by subsequent edge filtering.  This will have the effect of removing this dither.  Therefore, the order of edge filtering has been modified so that, within a macroblock, the upper and left edges of the macroblock are filtered last.  Fig. 1 shows the new filtering order when dithering is used.

[image: image1]
Fig. 1:  Edge filtering order
The JM 2.0 deblocking algorithm does not apply the 5-tap filter when the difference in pixel levels across the block edge is less than 2.  Because the proposed 5-tap filter provides a means to effectively smooth block edges that differ by a single pixel level, the 5-tap filter is now allowed when the pixel difference across the block edge is 1.  While this means more edges will be filtered, the effect on complexity is small (see 3.3).
3. Results
3.1 PSNR and Bitrate
An obvious concern with this scheme is the effect adding dither to the image will have on PSNR and bitrate.  Because this dither is applied sparingly and lightly, the effect on PSNR and bitrate is negligible.  The attached spreadsheet provides the results using (a) the JM 2.0 software, (b) the JM 2.0 software with the dithered 5-tap filter and (c) the JM 2.0 software with the recursive dithered 5-tap filter.
3.2 Visual Results
While the objective results show little effect, the real benefit is in the visual quality.  Figs. 2-5 shows visual examples of the benefit of the new filter.  In Figs. 2 and 3, a ramping function is used to demonstrate the blockiness that occurs even at relatively low QP values.  Figs. 2(b) and 3(b) show how the addition of dither along macroblock boundaries significantly reduces the blockiness, while Figs. 2(c) and 3(c) show the additional improvement achieve using the recursive filter.  Contrast enhanced versions of these images are also presented to further demonstrate the effect of dithering.
Figs. 4 and 5 provide examples using natural sequences.  The first is a clip of Francis Ford Coppola giving a talk.  Blockiness is evident in the upper-right, and is significantly improved using dithering.  In the Skate sequence, the effect of dithering and the recursive filter provides a visual improvement.

3.3 Complexity

Measurements of the encoder and decoder show that the complexity is not significantly affected by this proposal.  From the tables below it can be seen that the difference in encode and decode times are minor (and, in fact, is within the measurement error).
TABLE 1: Encoder Complexity (P4-1.4Ghz, Win2000)
	Sequence
	Frames
	JM 2.0
	Dithered
	Recursive, Dithered

	Foreman, CIF, QP=16
	300
	1584.890 secs.
	1616.524 secs.
	1607.072 secs.

	Coppola, QP=16
	200
	794.524 secs.
	807.072 secs.
	806.681 secs.

	Skate, QP=16
	100
	362.461 secs.
	366.458 secs.
	366.848 secs.


TABLE 2: Decoder Complexity (P4-1.4Ghz, Win2000)
	Sequence
	Frames
	JM 2.0
	Dithered
	Recursive, Dithered

	Foreman, CIF, QP=16
	300
	18.819 secs.
	18.546 secs.
	18.608 secs.

	Coppola, QP=16
	200
	6.568 secs.
	6.559 secs.
	6.901 secs.

	Skate, QP=16
	100
	3.355 secs.
	3.334 secs.
	3.235 secs.


Decode times were calculated as the median value of three tries.
4. Conclusion
By making small, but important alterations to the 5-tap deblocking filter, blockiness in smooth regions can be significantly improved.  The addition of dither provides a means to (a) smooth block boundaries that differ by only a small amount and (b) visually break up the grid structure that can remain even after filtering.  PSNR and bitrate results show that this dither has a negligible impact on objective measures.  It is proposed that the 5-tap filter be changed to the recursive dithered filter and included into the JVT standard.
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(a) JM 2.0, 352x288, QP = 12
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(b) Dithered 5-tap filter, 352x288, QP = 12
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(c) Recursive Dithered 5-tap filter, 352x288, QP = 12
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(d) JM 2.0 (enhanced)
(e) Dithered (enhanced)
(f) Recursive,Dithered (enhanced)
Fig. 2: Ramp function, 352x288, QP = 12
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(a) JM 2.0, 352x288, QP = 8
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(b) Dithered 5-tap Filter, 352x288, QP = 8
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(c) Recursive Dithered 5-tap filter, 352x288, QP = 8
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(d) JM 2.0 (enhanced)
(e) Dithered (enhanced)
(f) Recursive,Dithered (enhanced)
Fig. 3: Ramp function, 352x288, QP = 8
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(a) JM2.0, 320x240, QP=16
[image: image15.png]



(b) Dithered 5-tap filter, 320x240, QP=16
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(c) Dithered and Recursive 5-tap filter, 320x240, QP=16
Fig 4: Coppola Sequence, 320x240, Frame 0, QP=16
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(a) JM 2.0 (enhanced)
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(b) Dithered 5-tap filter (enhanced)
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(c) Recursive Dithered 5-tap filter (enhanced)

Fig 4 (cont): Copola Sequence, 320x240, Frame 0, QP=16
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(a) JM2.0, 320x240, QP = 24
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(b) Dithered 5-tap filter, 320x240, QP = 24
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(c) Dithered and Recursive 5-tap filter, 320x240, QP = 24
Fig 5: Skate sequence, 320x240, Frame 0, QP = 24
Appendix A: Source code to ramp image generator

#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#define H 288

#define W 352

#define FRAMES 20

// Program to generate ramp function

void main(void)

{


int f;


int x, y;


int i;


unsigned char p;


FILE *fp = fopen("d:\\ramp.yuv","wb");


for (f = 0; f < FRAMES; f++)


{



// Y



for (y = 0; y < H; y++)



{




for (x = 0; x < W; x++)




{





i = (int)(160.0 - sqrt((double)(x*x + y*y))/16.0);





p = (i > 255)?(255):(i < 0)?(0):(i);





fwrite(&p,1,1,fp);




}



}



p = 128;



// U



for (y = 0; y < H/2; y++)




for (x = 0; x < W/2; x++)





fwrite(&p,1,1,fp);



// V



for (y = 0; y < H/2; y++)




for (x = 0; x < W/2; x++)





fwrite(&p,1,1,fp);


}


fclose(fp);

}
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This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:
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	Country
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	Contact person
	Gary Greenbaum
	

	Telephone
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The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.

	
	

	[image: image29.wmf]
	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	Gregory Conklin
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	X
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
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	Any other comments or remarks:

For purposes of this contribution, the terms of 2.2.1 above [and as detailed in document VCEG-O54 submitted by Gary Sullivan] are agreed to only as necessary to comply with the required portions of a “baseline” JVT video profile.
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