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1	Introduction


This document describes some further enhancements of the Telenor proposal for H.26L presented in document Q15-F-11.  The following changes have been made:


For more accurate prediction, 1/3 pixel accuracy have been used instead of ½ pixel resolution.


A 2x2 transform has been performed on the DC coefficients of chroma blocks in macroblock


In this connection the number of CBPs have been reduced from 64 to 48.


A loopfilter has been used on Intra frames.


Prediction from several past frames have been implemented





2	Prediction with 1/3 pixel accuracy


Fractional pel prediction serves two purposes:


More accurate motion compensation


Possibility to vary the filter strength of the prediction


The different filter strengths are illustrated below:


	½ pixel accuracy	1/3 pixel accuracy


	0  1  0	0  1  1  0


	1  2  1	1  2  2  1


	0  1  0	1  2  3  1


		0  1  1  0


0	Indicate integer pixel position


1,2,3	Indicate fractional pixel positions with different filter strengths





For ½ pixel prediction we use a 2 tap filter: (1,1)/2 in one or two directions.


For the present 1/3 pixel prediction I used the following 4 tap filters for luma:


1,2	(-1,12,6,-1)/16 and (-1,6,16,-1)/16 (this is a ‘weaker’ filter than used in ½ pixel prediction)


3	(1,9,6,0)/16  and (0,6,9,1)/16   (this is a relatively strong filter)


As a result we obtain both better accuracy in prediction and larger variation in filter strength.


For 1/3 pixel chroma prediction I used the two tap filters  (5,3)/8  and (3,5)/8.  


This has an effect on the rounding of chroma values that was identified as a problem – and fixed with RCONTROL – in H.263 v2.  .  With filter taps (1,1)/2 fractional chroma values of 0.0 and 0.5 was produced.  Consistent rounding (or truncation) therefore meant that many chroma values were shifted in the same direction resulting in chroma drift.


By using these new filter taps fractional chroma values of: 0.0,  0.125, 0.25, 0.375, 0.5 0.625, 0.75, 0.875 are produced.  If we do rounding, 4 of the fractions are ‘rounded up’ and 3 are ‘rounded down’ so that the total drift is much smaller.  For that reason I have used the same rounding procedure for all chroma pixels.


Another small item in H.263 is the ‘Modification of quarter pixel resolution chroma vector’ in (see TABLE 18/H.263).  As a result of this table ½ pixel prediction is used more often than integer pixel prediction for chroma – and this has shown to be an advantage.  With 1/3 pixel accuracy, there are already more fractional than integer pixel positions and therefore chroma vectors are obtained by a straight forward division by 2:


Chroma_vector = Luma_vector/2  (with truncation.  Both vectors in 1/3 pixel units)





3	Additional transform of chroma DC coefficients


3.1	Observation


Chroma values tend to stay relatively constant over large areas in the picture – that is chroma has ‘low spatial resolution’.  With 4x4 blocks for transform we sometimes see that single 4x4 blocks have a different color and that there are sometimes more ‘chroma noise’ than we are used to.





3.2	2x2 transform of DC koefficients


With the low resolution of chroma it seems to be preferable to have larger blocksize than 4x4.  Specifically the 8x8 DC coefficient seems very useful for better definition of low resolution chroma.  The 2 dimensional 2x2 transform procedure is illustrated below.  DC0,1,2,3 are the DC coefficients of 2x2 chroma blocks.


	DC0	DC1    Two dimensional 2x2 transform  (	DDC(0,0)	DDC(1,0)


	DC2	DC3	DDC(0,1)	DDC(1,1)


Definition of transform:


DCC(0,0) = (DC0+DC1+DC2+DC3)/2


DCC(1,0) = (DC0-DC1+DC2-DC3)/2


DCC(0,1) = (DC0+DC1-DC2-DC3)/2


DCC(1,1) = (DC0-DC1-DC2+DC3)/2





Definition of inverse transform:


DC0 = (DCC(0,0)+ DCC(1,0)+ DCC(0,1)+ DCC(1,1))/2


DC1 = (DCC(0,0)- DCC(1,0)+ DCC(0,1)- DCC(1,1))/2


DC2 = (DCC(0,0)+ DCC(1,0)- DCC(0,1)- DCC(1,1))/2


DC3 = (DCC(0,0)- DCC(1,0)- DCC(0,1)+ DCC(1,1))/2





3.3	Quantization


DDC() is quantized (and dequantized) separately resulting in LEVEL, RUN and EOB.  The scanning order is: DCC(0,0), DCC(1,0), DCC(0,1), DCC(1,1).  Inverse 2x2 transform as defined above is then performed after dequantization resulting in dequantized 4x4 DC coefficients: DC0’ DC1’ DC2’ DC3’.


Chroma AC coefficients (4x4 based) are the quantized similar to before.  Notice that there are only 15 AC coefficients.  The maximum size of RUN is therefore 14.  However, for simplicity we use the same relation between LEVEL, RUN and Code no. As defined for ‘Simple scan’ in Table 1.


The coding benefit of additional 2x2 transform is up to 0.5 dB better chroma SNR.  Subjectively the chroma reconstruction is more stable over large areas.





4	Redefinition of CBP


The 4 least significant bits of CBP contains information on which of 4 8x8 luma blocks in a macroblock contains nonzero coefficients (as in H.263).  Let us call these 4 bits CBPY.  For chroma we define 3 possibilities:�


nc=0:	no chroma coefficients at all.


nc=1	There are nonzero 2x2 transform coefficients.  All chroma AC coefficients = 0.  Therefore


we do not send any EOB for chroma AC coefficients.


nc=2	There is at least one nonzero chroma AC coefficient present.  In this case we need to


send 10 EOBs for chroma in a macroblock.


The total CBP for a macroblock is:  CBP = CBPY + 16xnc





5	Loopfilter of Intra pictures


It has been observed that the loopfilter gives particular gain for Intra coding.  That is why we included it for Intra pictures only.  The form of the loopfilter is basically as defined in Annex J of H.263.  It is used to change edge pixels of 4x4 blocks.  Referring to Annex J we still compute a value d:


D = (A-4B+4C-D)/8


Instead of: d1= UpDownRamp(d,STRENGTH)  we use a clipping of d to (STRNGTH.  When used only for Intra frames, this function turns out to be as good as the more complicated ‘UpDownRamp’ function.  





In addition to loopfilter of Intra pictures we still perform postfilter on all frames as described in Q15-F-11.  Here we actually also use clipping instead of UpDownRamp.





6	Prediction from several past frames


This implies that not only the last decoded frame may be used for prediction.  When this feature is active, information on which reference frame to use must be present in case MODE=1,2,3.  (MODE=0 is defined to mean copying of information from the most recent frame).  A syntax element Ref_age is included on the macroblock level.  Code no.=0 (see Table 1) means the most resent frame, .  Code no.=1 means the second most resent frame and so on.


The procedure for vector prediction was given in Q15-F-11.


The vector search windows for older frames are always ¼ (½  in each direction) of the window size for the most recent frame.  Hence the amount of computation is kept to a reasonable level.  This limitation have limited influence on performance since older frames are mainly useful for prediction when the motion is low.





Table 1. Connection between codeword number and parameter values.


Code no.�
Mode�
Intra pred1�
Vectors�
CBP�
Coeffis 2X2 chroma DC2�
Coeffis simple scan2�
Coeffs double scan2�
�
�
�
Prob0�
Prob1�
�
Intra�
Inter�
Level�
Run�
Level�
Run�
Level�
Run�
�
0�
Skip�
0�
0�
0�
47�
0�
EOB�
-�
EOB�
-�
EOB�
-�
�
1�
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1�
0�
1�
31�
16�
1�
0�
1�
0�
1�
0�
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1�
-1�
15�
1�
-1�
0�
-1�
0�
-1�
0�
�
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0�
2�
2�
0�
2�
2�
0�
1�
1�
1�
1�
�
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1�
1�
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23�
4�
-2�
0�
-1�
1�
-1�
1�
�
5�
�
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0�
3�
27�
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1�
1�
1�
2�
2�
0�
�
6�
�
3�
0�
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29�
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-1�
1�
-1�
2�
-2�
0�
�
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�
2�
1�
4�
30�
3�
3�
0�
2�
0�
1�
2�
�
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�
1�
2�
-4�
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-3�
0�
-2�
0�
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2�
�
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�
0�
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1�
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3�
0�
�
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�
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1�
-1�
3�
-3�
0�
�
11�
�
1�
3�
6�
14�
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1�
2�
1�
4�
4�
0�
�
12�
�
2�
2�
-6�
39�
47�
-1�
2�
-1�
4�
-4�
0�
�
13�
�
3�
1�
7�
43�
7�
1�
3�
1�
5�
5�
0�
�
14�
�
4�
0�
-7�
45�
11�
-1�
3�
-1�
5�
-5�
0�
�
15�
�
4�
1�
8�
46�
13�
4�
0�
3�
0�
1�
3�
�
16�
�
3�
2�
-8�
16�
14�
-4�
0�
-3�
0�
-1�
3�
�
17�
�
2�
3�
9�
3�
6�
3�
1�
2�
1�
1�
4�
�
18�
�
1�
4�
-9�
51�
9�
-3�
1�
-2�
1�
-1�
4�
�
19�
�
2�
4�
10�
10�
31�
2�
2�
2�
2�
2�
1�
�
20�
�
3�
3�
-10�
12�
35�
-2�
2�
-2�
2�
-2�
1�
�
21�
�
4�
2�
11�
19�
37�
2�
3�
1�
6�
3�
1�
�
22�
�
4�
3�
-11�
21�
42�
-2�
3�
-1�
6�
-3�
1�
�
23�
�
3�
4�
12�
26�
44�
5�
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1�
7�
6�
0�
�
24�
�
4�
4�
-12�
28�
33�
-5�
0�
-1�
7�
-6�
0�
�
25�
�
�
�
13�
35�
34�
4�
1�
1�
8�
7�
0�
�
26�
�
�
�
-13�
37�
36�
-4�
1�
-1�
8�
-7�
0�
�
27�
�
�
�
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42�
40�
3�
2�
1�
9�
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0�
�
28�
�
�
�
-14�
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2�
-1�
9�
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0�
�
29�
�
�
�
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1�
43�
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�
30�
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�
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45�
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46�
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�
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�
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�
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�
�
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�
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�
�
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�
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�
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�
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�
�
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�
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�
�
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40�
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7�
2�
7�
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�
�
-23�
38�
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7�
-2�
7�
�
47�
�
�
�
24�
41�
41�
8�
0�
2�
8�
11�
0�
�
..�
�
�
�
..�
�
�
..�
..�
..�
..�
..�
..�
�
1 Prob0 and Prob1 defines the Intra prediction modes of two blocks relative to the prediction of prediction modes (see details in the section for Intra coding).


2 For the entries above the horizontal line, the table is needed for relation between code number and Level/Run/EOB.  For the remaining Level/Run combination there is a simple rule.  The Level/Run combinations are assigned a code number according to the following priority: 1) sign of Level (+ -)           2) Run (ascending)     3) absolute value of Level (ascending).





7	Simulation results and tape demonstrations


7.1	RD curves


The following graphs show the same RD curves as presented i Seoul (Anchor + Telenor_Seoul).  In addition Telenor_Enhanced is included.  These curves represent the results using the additional features described in this document (excluding prediction from several frames).  The same QP values as for Telenor_Seoul were used.  The curves marked Telenor+ represent the following additions:


For Container and Foreman 5 reference frames are used in addition to the features used in Telenor_Enhanced.


For all the other sequences a lower QP is used for the first frame – resulting in better SNRY for the first frame and thereby for still areas in the whole sequence.  This is mainly to show the importance of the 1. frame coding when interpreting RD curves.  Fore these sequences only one reference frame was used.


Complete data for the graphs may also be found in Q15-G-25.xls.





7.2	D1 tape


This time I used anchor sequences with somewhat higher quality (QP=7) for comparison.  ‘Telenor_enhanced’ with the same bitrates are shown as comparisons in a split screen mode.
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