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Introduction

I have tried to improve on motion prediction by allowing 4x4 blocks to be used for motion vectors in addition to 16x16 blocks.  4x4 blocks are also used for the transform.  This results in improved objective performance (at least for some types of sequences).  In addition there is a subjective gain due to less noise around edges due to the smaller blocksize.  Altogether the described method is considered to be simpler than H.263 due to the lower complexity of the transform.



Motion vector blocks.

H.263 allows 8x8 motion blocks in addition to 16x16 blocks.  I tried to replace the 8x8 blocks by 4x4 blocks to obtain better prediction in «complicated» areas of the picture.  4x4 blocks results in more bits being used for motion vectors.  On the other hand, since 4x4 vectors are mainly used in «complicated» areas, we will need strong filtering of the prediction.  

In order to both keep the number of bits for 4x4 vectors low and use strong filtering, I only allow ½ pixel vectors for 4x4 blocks - in addition to the (0,0) vector.  This is tried illustrated below.
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A macroblock pattern (of 16 4x4 blocks) is used to indicate which 4x4 blocks have (0,0) vector.

For the remaining 4x4 blocks a prediction is produced similar to the median prediction used in H.263.  The offset from the prediction is coded similar to vector differences in H.263.  Due to the 1 pixel resolution of the vector components, less bits are used for coding.

Search procedure.

Even if two blocksizes may be used (16x16 and 4x4), motion vectors for the block sizes may be obtained in the same search procedure.  SADs are produced on 4x4 block bases but the calculated SAD for a certain vector is also used to obtain the 16x16 SAD for the same vector.  This procedure is no different from what we do when we have 16x16 and 8x8 vectors as in H.263.

When SAD4x4 and SAD16x16 for a macroblock have similar value, preference is given to 16x16 prediction since it costs less bits.



Transform coding of the difference from the prediction.

Up till now, video coding standards have used 8x8 DCT transform for the coding of difference from the prediction.  Use of DCT over a large number of pixels results in good gain if there is high correlation between pixels to be transformed.  As we do better and better prediction, correlation between pixels that are transformed becomes lower and lower.  One of our goals is actually to produce a difference from prediction with no correlation between pixels!  As a result, we must expect that the use of DCT with large number of pixels is of limited use.

With this as a background, I tried to replace the 8x8 DCT with a 4x4 DCT.

4 pixel DCT basis vectors.

The basis vectors of a 4 pixel DCT are:

	½	½	½	½

	0.6533	0.2706	-0.2706	-0.6533

	½	-½	-½	½

-0.6533	0.6533	-0.2706



Other 4 pixel transforms.

I used the 4 pixel DCT for most of the simulation in this document.  However, The «true» DCT contains real number multiplication.  Since this has to be done by approximation, it result in the IDCT mismatch problem.  On the other hand we see that two of the coefficients do not contain multiplications.  It is not difficult to specify a transform including only integer operations and shifts instead of multiply/divide to avoid the IDCT problem.  Such a transform would also be simpler to implement.  Some possibilities are listed below:

1:

	½	½	½	½

	21/32	17/64	-17/64	-21/32

	½	-½	-½	½

	17/64	-21/32	21/32	-17/64

The norm is not exactly equal for all coefficients.

2:

	½	½	½	½

	½	½	-½	-½

	½	-½	-½	½

	½	-½	½	-½

Hadamard transform.  The simplest solution.  DCT = IDCT.  Question about coding efficiency (see below).

3:

	2	3	3	2

	3	2	-2	-3

	3	-2	-2	3

	2	-3	3	-2

Better performance than Hadamard.  .  DCT = IDCT.  Does not have a «pure» DC coefficient.  Need additional normalization.

4:

	13	13	13	13

	17	7	-7	-17

	13	-13	-13	13

	7	-17	17	-7

Identical to DCT in performance.  Need additional normalization.

I have tried all the transforms listed above.  Their performance is almost the same for Inter blocks.  For Intra blocks 2 and 3 have about ½ dB lower performance.



Coefficient coding.

We need coded block pattern that defines if there are coefficients in each 4x4 block.  I group 4 4x4 blocks together and send one CBP to signal which 4x4 block have nonzero coefficients.  Therefore, for one MB, 4 CBPs for luma are used.  For chroma, the information whether there are nonzero U or V coefficients is still linked to MODE information (as in H.263).  If there are nonzero coefficients, a CBP for each of U and V is used to signal which 4x4 block have nonzero coefficients.

A new 3D VLC is designed to code coefficient information.  We now need RUN of maximum 15.  The size of coefficients is also generally smaller.  As a result the VLC has 43 entries compared to 102 in H.263.



Use of loop filter.

A similar loopfilter as defined in Annex J of H.263+ is used.  It is based on 4x4 block boundaries.  Only edge pixels are filtered and the parameter «Strength» is somewhat reduced.  The number of pixels that are modified are therefore the same as in Annex J where 4 out of 8 pixels are modified.  In the present method 2 out of 4 pixels are modified.



Intra coding.

It could be expected that Intra block coding would suffer too much from reducing the DCT block size.  To see whether this is true, I designed a prediction scheme for Intra coding similar to the one defined in Annex I of H.263 - with one modification.  I did prediction in the pixel domain instead of the transform domain.  There are two reasons for this choice:

Better performance when single Intra blocks are used in an Inter frame. ( neighboring pixels from Inter coded blocks may be used for prediction).

I wanted to consider transforms that did not have a «pure» DC coefficients (see transform 3 above).  For such transforms the prediction modes in Annex I does not perform as well.

The figure illustrates which pixels are used for prediction.
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There are three prediction modes: 1) the average of the 8 surrounding pixels, 2) vertical prediction, 3) horizontal prediction.  Prediction mode is signalled for each 4x4 block to be predicted.

I did not do direct comparisons with Annex I coding.  However, the objective gain with the 4x4 method compared to plain H.263 intra coding (with 8 bits for DC) seemed to be about the same as the objective gain using Annex I.  In addition the 4x4 based coding seem to give some additional subjective improvement.



On complexity of the 4x4 block coding.

Many elements are very similar to H.263 and should therefore also be of comparable complexity.  But there are some simplifying elements in the 4x4 method:

4x4 integer based DCT may be used instead of 8x8 DCT.

No mismatch control is needed if an integer transform is chosen.

The VLC for transform coefficients is smaller.

For some choices of transform, DCT = IDCT.



Simulation results.

Simulations were performed on 4 sequences as indicated on the graphs below.  An example of the bitusage for the sequence Hall monitor with QUANT=12 is given below just to give an impression of the distribution of bitusage.





 Pict.head+COD+MODE             199

 CBPY                           204

 CBPC                            55

 Vectors, 1 vector   (12 MB)     63

 Vectors, 16 vectors (6  MB)    283

 Coefficients, Y                953

 Coefficients, C                 23

 Total pr. picture             1780





The graphs below show RD curves for H.263+ and the 4x4 based method defined in this document.  Annex J and Annex T of H.263+ are used.  For the new method, similar features are included.
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Tape demonstrations.

I will show H.263+ coded sequences together with 4x4 coded sequences in a split screen display.  I will show 2 H.263+ sequences: one with approximately the same bitrate as with 4x4 and one with higher bitrate.  The setup is indicated below for the different sequences:

��

	4x4		H.263+

	Hall:	17.8 kb/s	Hall:	34.8 kb/s

	News:	29.4 kb/s	News:	45.7 kb/s

	M&D:	26.8 kb/s	M&D:	37.0 kb/s

	Weather:	31.8 kb/s	Weather:	54.5 kb/s

��

	H.263+		4x4 Hadamard

	Hall:	17.7  kb/s	Hall:	18.0 kb/s

	News:	29.4 kb/s

	M&D:	25.7 kb/s

	Weather:	30.7 kb/s





Conclusion.

The described 4x4 block based coding gives significant improvements - both objective and subjective - compared to H.263+.  Implementation complexity is considered to be lower with the described method.

The presented method is in no way  a «finished» method.  It represents a few weeks work.  However, the basic elements seem to be useful to consider in developing new versions of H.263.  Especially the performance/complexity ratio seems very interesting.
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