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Introduction

This paper report on five different experiments to try to improve coding efficiency for INTRA blocks.

Use of a separate VLC for coding of DCT coefficient data.

The INTRA VLC is defined in LBC-96-295.  I have coded the first frames of the sequences listed in the table below.  Both CIF and QCIF versions were coded.  QP of 5,10 and 20 were used.  The first column in the table under each QP is the bits for the first frame using the INTER VLC.  The second column is the bits for the first frame using the INTRA VLC from LBC-96-295.  The third column is the difference in bitrate given in %.  Negative value means that less bits are used.

----------------------------------------------------------------------------------------------------

Sequence    QP=5              QP=10           QP=20

             inter/intra VLC   %        inter/intra VLC   %       inter/intra VLC   % 

AKI,  QCIF  29770  25504  -14.3    15679 13882  -11.5     7794  7171   -8.0

COAST,QCIF  33012  32023   -3.0    14934 15323    2.6     6023  6116    1.5

CONT, QCIF  41763  36267  -13.2    22323 20551   -7.9    10724 10583   -1.3

FOREM,QCIF  40903  35044  -14.3    21524 19317  -10.3    10815  9808   -9.3

HALL, QCIF  39110  33231  -15.0    21019 18843  -10.4    10575 10145   -4.1

AKI,   CIF  73137  63210  -13.6    39620 35820   -9.6    20581 19004   -7.7

COAST, CIF 148813 138782   -6.7    69423 68900   -0.8    29049 29421    1.3

CONT,  CIF 132126 118321  -10.4    66694 62452   -6.4    32300 31666   -2.0

FOREM, CIF 113069  98975  -12.5    57213 51172  -10.6    28381 25899   -8.7

HALL,  CIF  98884  84582  -14.5    53905 48222  -10.5    28689 26893   -6.3

The Annex I type coding with the new INTRA VLC will be referred to as Annex I+.



The next three experiments are dealing with items which are in the INTRA coding of the MPEG4 VM but not in H.263+.  The items are:

Use of different scanning orders depending on the INTRA prediction mode.

Use of a block by block decision criteria for vertical or horizontal prediction.

Handling of the INTRA DC coefficient in the same way as MPEG1/2.

I started from the Annex I type INTRA coding, including the new INTRA VLC (see above).  Then I added items (1-3) above one at a time and compared the coding gain/loss.

Use of different scanning orders depending on the INTRA prediction mode.

Scanning different from zig-zag is used if vertical or horizontal INTRA prediction is used.  The actual scanning patterns may be found in the MPEG4 VM.  The table contain results for two sequences and QP=5,10 and 20.  The first column is the bits pr frame using Annex I plus the new VLC (see above).  In the second column the same method plus the adaptive scanning is used (“Adscan”).  The third column is the difference in bits (%).



Sequence�QP=5�QP=10�QP=20���AnnexI+�Adscan�%�AnnexI+�Adscan�%�AnnexI+�Adscan�%��Foreman�35044�34946�-0.3�19317�19282�-0.2�9808�9825�+0.2��Hall�33231�32803�-1.3�18843�18620�-1.2�10145�9948�-2.0��

Use of a block by block decision criteria for vertical or horizontal prediction.

In MPEG4 there is a different way of deciding INTRA prediction mode.  It is done on a block by block bases using neighboring quantized DC values.  The decision does not need overhead bits to signal prediction mode.  The “old” INTRA mode from H.263 is not part of this method.  Some simulation results are given in the table below.  “mpegdec” refer to the decision method in MPEG.



Sequence�QP=5�QP=10�QP=20���AnnexI+�mpegdec�%�AnnexI+�mpegdec�%�AnnexI+�mpegdec�%��Foreman�35044�36070�+2.9�19317�19736�+2.2�9808�10168�+3.7��Hall�33231�34490�+3.8�18843�19655�+4.3�10145�10710�+5.6��

Handling of the INTRA DC coefficient in the same way as MPEG1/2.

In MPEG4 the INTRA DC coefficient is treated separately from the other coefficients.  It is quantized with a factor 8 (as in MPEG1,2 and H.263) regardless of the current QP.  There is also a separate VLC for coding the INTRA DC (see MPEG4 VM).  None of these items are part of Annex I (except quantization for mod=0) since it was believed that prediction made it unnecessary to treat the INTRA DC differently from the other INTRA coefficients.

In this experiment “MPEG_DC” indicates that the INTRA DC is treated as described above.  The table list both SNR and bits since also the SNR is different in the two cases due to different quantization of the DC.



Sequence�Annex I+�MPEG_DC���SNRY�Bits�SNRY�Bits��Foreman, QP=5�37.86�35044�37.86�34358��Hall, QP=5�38.82�33231�38.83�32709��Foreman, QP=10�33.48�19317�33.53�19872��Hall, QP=10�33.97�18843�34.03�19455��Foreman, QP=20�29.42�9808�29.54�11170��Hall, QP=20�29.48�10145�29.60�11530��

INTRA coding of isolated blocks in a INTER frame.

The INTRA mode defined in Annex I is well suited for INTRA frames, but less suited for coding of isolated INTRA macroblocks in a INTER frame.  This is because the INTRA prediction as defined requires that the neighboring macroblocks are also INTRA coded.  For an INTRA macroblock in a INTER frame, some of the adjacent blocks will be INTRA coded and some INTER coded.

If one of the adjacent macroblocks is INTER coded, only two INTRA modes are allowed.  If both adjacent macroblocks are INTER coded, only one INTRA mode is possible.  I tried to “help” this situation with some simple additions to Annex I.  This is illustrated in the figure below.

If one of the blocks A and B are INTER coded, the DC coefficient in the INTER coded block is replaced by the DC coefficient of the INTRA coded block for prediction purposes.

If both A and B are INTER coded, C is coded with mod=0 regardless of which INTRA coding mode is signaled.  In this way some of the 8x8 blocks in a macroblock may be predicted even if the neighboring macroblocks are INTER coded.

The described method will be referred to as Annex I++.
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In most of the sequences we use, there is little need for INTRA coding in INTER frames.  I tried to “create” a condition were INTRA coding in INTER frames are needed by using FOREMAN, QCIF with 3 fps.  I used constant QP=5,10 and 20.  The criteria for using INTRA or INTER coding for a macroblock, was the same as defined in the TM.  I tested the three conditions:

H263 - intra mode as defined in H.263.

Annex I+ - INTRA coding defined above.

Annex I++ - INTRA coding defined above.

All 300 frames of Foreman were coded.  The average number of INTRA coded macroblocks in an INTER frame was 18.  The table below give the average number of bits pr frame for the different cases.



QP=5�QP=10�QP=20��H263�AnnexI+�AnnexI++�H263�AnnexI+�AnnexI++�H263�AnnexI+�AnnexI++��20053�19835�19773�9319�9015�8956�4725�4353�4259��

Annex I+ result in a gain over H263 also for INTER frames.  The additional gain by Annex I++ is just marginal and is not worth including unless other material can make better use or the “trick”.



Conclusions.

Of all the tested additions to the advanced INTRA coding defined in Annex I, only the INTRA VLC seems worth including in the option.  The different scanning patterns and the “trick” with prediction in INTER frames show marginal gain, but it seems to be to little to justify added complexity.
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