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Summary

This document proposes some upper bounds for the bit stream complexity.  In particular, it a) limits the maximum number of motion vectors for any four consecutive macroblocks in a slice for levels 3 and above, b) sets an upper bound to the maximum number of bits per coded picture, c) limits the maximum length of a vertical motion vector .  Furthermore, it proposes additional Parameter Set entries that allow an encoder to signal even lower bit stream requirements, in order to facilitate the resource management in decoders that allow for dynamic resource allocation.


Introduction

Currently, the bit stream complexity of JVT video is basically unlimited.  It would be perfectly legal to generate a bit stream  in which all pictures are B-pictures, all macroblocks are bi-predictively coded with 16 motion vectors from both reference pictures, and all texture information is coded with quantizer step size 1.  Obviously, no one with a sane mind would configure an encoder that way, but a compliant decoder has to be able to cope with such a bit stream.  Hence, there is a need to limit the maximum complexity of a bit stream below the level the syntax would allow for. 

We have identified three properties for which we would like to see a reduced complexity: maximum bit rate per picture, maximum macroblock mode complexity (measured in terms of coded MVs per macroblock), and the maximum length of vertical motion vectors.

Furthermore, while absolute maximum limits are proposed in this proposal, there are also decoder designs that would benefit from the knowledge that a significantly less complex bit stream can be expected.  We propose, for the three complexity properties for which we would like to see upper bounds, codepoints on the Parameter Set level through which such a restricted bit stream can be signaled.

Restriction of the number of motion vectors

JVT video can, at least in theory, make use of up to 32 motion vectors per macroblock (when using B pictures  and a 4x4 motion block size).  Decoding such a macroblock is significantly more complex than decoding a macroblock with 4 or fewer motion vectors.  A compliant decoder would, without restrictions along the lines presented in this proposal, have to provision for the maximum bit stream complexity and would require significantly more MIPS and memory (to store the MVs for direct mode) than we believe is reasonable for some applications.
Proposals were made to restrict the number of motion vectors by forbidding certain macroblock types, e.g. to forbid any smaller block sizes than 8x8 for direct mode.  We feel that this may hurt the coding efficiency somewhat, and, with the solution described here, we believe that we can get the coding efficiency gain with little increase in complexity.

We propose to limit the total number of motion vectors, both explicit and implicit (via direct mode)  for any four consecutive coded macroblocks in a slice, to 64 (an average of 16 motion vectors per MB) for levels 3.x (SDTV+) and to 32 (an average of 8 motion vectors per MB) for levels 4.x (HDTV).  In doing so, we allow some 4x4 motion blocks, if they are compensated with easily decodable larger block sizes in consecutively coded macroblocks. The four consecutive macroblocks are considered as a sliding window in coding order, so that for instance in the case of FMO, the four consecutive macroblocks might not be spatially adjacent.
We do not want to make this restriction based on a full picture, or on a full slice, because that would allow for peak processing rates over a large number of macroblocks, which would effectively increase the buffer requirements and/or increase the required horsepower on the decoder.  We also don’t want to restrict a single macroblock to 8 MVs, because that may hurt the coding efficiency.  Finally, while this would be a better solution than keeping the issue open, we would prefer not to use only two consecutive macroblocks.  Adjacent macroblocks often carry similar content, which may make a similarly high number of motion vectors necessary for both MBs. When accounting for four MBs, this chance is vastly reduced.  Finally, we believe that there is no need to come up with restrictions like this for any signal below standard definition television resolution.
Maximum bit rate

JVT contains CABAC, a relatively complexity entropy coding scheme whose MIPS requirements roughly scale with the bit rate. A higher number of bits require more memory to queue the bit stream in decoders.  
Measuring a bit rate for a variable frame rate codec (which JVT video happens to be) is a difficult topic.  A bit stream with, for example, 5 fps should be perfectly legal in JVT, because there are real-world applications that need such low frame rates (e.g. document cameras on video conferencing systems).  When defining the maximum bit rate in the way it is done for traditional video codecs such as MPEG-2, we would either have to mandate a minimum frame rate, or we would have unlimited memory requirements in the decoder. Given a fixed bitrate, lower frame rates correspond to larger number of bits for each compressed picture.
The simplest way to control the maximum buffering requirements seems to be to mandate a maximum size for a coded picture.  Many decoder implementations must be capable of processing a picture’s worth of data at the picture rate, so constraining the maximum number of bits per picture constrains the complexity of the entropy decoder. Additionally, we also propose to mandate a maximum size per coded macroblock, significantly higher than the average that could be calculated by using the coded picture size, in order to give encoders freedom in coding modes.

In order to make the maximum bit rate per picture requirement scale with the levels, we argue a very simple solution: a minimum compression ratio.  Proposed is a 1:4 minimum compression ratio for pictures.  A CIF picture in YUV 4:2:0 colorspace requires 396 macroblocks with 384 samples of 8 bits each.  Hence a coded CIF picture has a size of 152064 bytes.  The 1:4 compression rate would make any bit stream illegal that includes a coded picture bigger than 152064/4=38016 bytes.  Note that, for CIF, and at an assumed frame rate of 30 fps, this comes out at a maximum bit rate of more than 9 Mbit/s – about an order of a magnitude higher than the typical operation point of a codec, and probably a factor of 2 or 3 higher than a high quality Intra picture.

Proposed is further a minimum 1:1 compression ratio for each macroblock of a given picture.  That should allow for ample choices of the rate control.  We do not see a need for a compression ratio smaller than zero, even in the absence of an “uncompressed” macroblock mode that was, from time to time, under discussion.

Maximum Motion Vector length

Note: when talking here about motion vectors, we mean the distance between the coordinates of samples of the reconstructed macroblock and reference picture macroblock – not the length of the (differentially) coded MVs in the syntax.

The maximum motion vector length has an impact on both memory requirements and computational complexity of the decoder.  Memory requirements exist, because MVs need to be stored to be used in direct mode.  Memory bandwidth complexity constraints exist, because longer motion vectors require the reference of memory farther away, leading to D-cache misses.  

Memory in decoders is normally organized in bytes.  With one byte, and assuming ¼ pel motion, one can store one dimension of a motion vector up to +/- 32 full pels.  Using two bytes, one can store one dimension of a motion vector with a length of +/- 16384 full pels.  The first vector size appears to be too small for any but the smallest picture sizes, the second vector length appears to be essentially unlimited, because of the maximum picture size of practical applications.  Hence, the memory requirements for the MV length give us little guidelines for a maximum motion vector size. 


We do not believe that there is, from a memory bandwidth complexity point-of-view, a need to discuss horizontal motion vectors.  In the typical memory architecture, data cache misses are more likely for widely spread vertical motion vectors than for widely spread horizontal motion vectors.  Hence, we propose horizontal MVs be unlimited within the constraints of the current syntax. 

For the vertical motion vectors, we propose a maximum size according to the following table:

	Level
	Vertical MV size

	1.x
	+/- 32

	2.x
	+/- 32

	3.x
	+/- 64

	4.x
	+/- 128

	5.x
	+/- 256



Communicating restriction in bit stream complexity

As mentioned before, it helps the decoder resource management in some applications if there is a way to communicate restrictions of the bit stream complexity beyond the maximum values above.  Hence, we propose to add the following syntax elements to the Parameter Sets (they will add a cost of one bit if they are not used):

	
bitstream_restriction_tag
	0
	u(1)

	
if (bitstream_restriction_tag) {
	
	

	

max_number_mvs_per_four_mb
	0
	u(5)

	

Minimum_compression_per_picture_reversed
	0
	e(v)

	

Minimum_compression_per_macroblock_reversed
	0
	e(v)

	

log_2_maximum_mv_length_vertical
	0
	e(v)

	

log_2_maximum_mv_length_horizontal
	0
	e(v)

	
}
	
	b(8)


Semantics:

bitstream_restriction_tag: when 1, indicates the presence of max_number_mvs_per_four_mb, minimum_compression_per_picture_reversed, minimum_compression_per_macroblock_reversed, log_2_maximum_mv_lenbgth_vertical.

max_number_mvs_per_four_mb: a VLC codeword that provides information about the maximum number of coded mvs for four macroblocks.  The range is 0 (for a bit stream not containing any motion info) to 128 (unlimited).  For negotiated levels above level 3 the range is 0 to 32.

minimum_compression_per_picture_reversed and minimum_compression_per_macroblock_reversed advise the decoder about the minimum compression ratio (corresponding to a maximum coded picture/macroblock size for a negotiated level). A value of n for either of the two indicates a minimum compression ratio of 1:4.  Allowed values are one and higher for minimum_compression_per_macroblock_reversed, and four and higher for minimum_compression_per_picture_reversed.

log_2_maximum_mv_length_vertical and log_2_maximum_mv_length_horizontal: indicates the maximum size of an absolute (non predicted) vertical or horizontal motion vector component, in units of either ¼ or 1/8 pels, depending on the the value of motion_vector_resolution of the Parameter Set.  A value of n asserts that no motion vector components is bigger than 2**n ¼ pel or 1/8th pel units.
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