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1. Introduction

Two straightforward enhancements to Flexible Macroblock Ordering (FMO) are proposed:

1. Signaling of rectangular slice groups in the parameter set. A remarkable amount of bits can be saved with the proposed syntax compared to the FMO syntax in the JVT committee draft.

2. Signaling of slice group priorities for region of interest coding and unequal error protection.

Proposed agenda category: Improvements and enhancements

Keywords for agenda allocation: flexible macroblock ordering (FMO), high-level syntax, error resiliency

2. Rectangular Slice Groups

Rectangular slice groups (or similar coding entities) have been proposed at past meetings:

· As a reasonable trade-off between a suitable slice size for error resiliency and coding efficiency (JVT-C048).

· For region-of-interest coding and unequal error protection (VCEG-O46, VCEG-O57, JVT-B040, JVT-B082, JVT-B086, JVT-B087, and JVT-C096).

· For multiple camera views, picture-in-picture coding, and composing a single data stream out of many coded data streams (JVT-C072).

Furthermore, rectangular slices are a part of H.263 Annex K. 

These applications indicate an interest in the coding of rectangular slice groups. The syntax of the JVT CD allows for the specification of any shape, position, and size for slice groups. However, the syntax is inefficient in terms of the number of bits required when rectangular slice groups are to be defined. For example, the following macroblock allocation map shows a QCIF picture with a region of interest in the middle of the picture:

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 1 1 1 1 1 1 1 0 0

0 0 1 1 1 1 1 1 1 0 0

0 0 1 1 1 1 1 1 1 0 0

0 0 1 1 1 1 1 1 1 0 0

0 0 1 1 1 1 1 1 1 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

In the JVT CD, mb_allocation_map_type 2 has to be used for this type of a macroblock allocation map. mb_allocation_map_type 2 is used to explicitly assign a slice group to each macroblock location in raster scan order. Consequently, signaling of slice group 0 takes 1 bit per macroblock and signaling of slice group 1 takes 3 bits per macroblock. Altogether this makes 169 bits for the signaling of the macroblock allocation map.  For applications requiring frequent allocation map updates (e.g. region-of-interest-based coding) this overhead may become burdensome.  In the proposal described below, 14 bits are required to convey the same map.

We propose a new mb_allocation_map_type for signaling rectangular slice groups and when applicable a non-rectangular “leftover” slice group. The leftover slice group contains the macroblocks that are not covered by the rectangular slice groups.. The leftover slice group enables efficient definition of regions of interest that cover only the middle part of the picture as the macroblocks surrounding the region of interest are accounted for easily. At the same time, the proposed syntax works also well if all the slice groups are rectangular.

The syntax for the proposed mb_allocation_map_type 3 is highlighted in the following table:

	
num_slice_groups_minus1
	0
	u( 3 )

	
if( num_slice_groups_minus1 > 0 ) {  /* use of Flexible MB Order */
	
	

	

mb_allocation_map_type
	0
	e( v )

	

if( mb_allocation_map_type = = 0 ) 
	
	

	


for( i=0; I<=max_slice_group_id; i++ )
	
	

	



run_length
	0
	e( v )

	

else if( mb_allocation_map_type = = 2 ) 
	
	

	


for( i=0; i<num_mbs_in_picture; i++ )
	
	

	



slice_group_id
	0
	u( 3 )

	

else if( mb_allocation_map_type = = 3 ) {
	
	

	


for( i=0; i<max_slice_group_id; i++ ) {
	
	

	



top_left_mb
	0
	u( v )

	



bottom_right_mb
	0
	u( v )

	


}
	
	

	

}
	
	

	
}
	
	


The semantics for the proposed mb_allocation_map_type 3 are as follows: mb_allocation_map_type 3 is used to define one or more rectangular slice groups and a “leftover” slice group. A top_left_mb and a bottom_right_mb parameter is specified for each slice_group_id except for the last one. The top_left_mb specifies the top-left corner of the corresponding rectangular slice group and bottom_left_mb specifies the bottom-right corner of the slice group. top_left_mb and bottom_left_mb are indicated as macroblock number that starts from 0 in the top-left corner of the picture and increment by 1 for each macroblock in raster scan order. The last slice_group_id is dedicated for the leftover slice group, which contains the macroblocks that are not covered by the rectangular slice groups. The leftover slice group shall not be empty, i.e., if the rectangular slice groups cover the whole picture area, the decoder shall infer an error. Slice groups shall not overlap, and the decoder shall consider overlapping slice groups as an error. The size of the top_left_mb and bottom_right_mb parameters is defined to be the minimum length of an unsigned integer that can represent (frame_width_in_MBs_minus1 + 1) * (frame_height_in_MBs_minus1 + 1) – 1.
Note: Notation u( v ) in the syntax is used to indicate an unsigned integer whose length in bits is determined by other parameters in the parameter set. If the JVT considers that the u( v ) data type complicates parsing of the parameter excessively, u( v ) can be replaced with e( v ) in the syntax proposal above. See document JVT-D094 for the motivation to code macroblock locations according to u( v ) instead of e( v ).

3. Slice Group Priority

3.1 Overview

As shown in VCEG-O46, VCEG-O57, JVT-B040, JVT-B082, JVT-B086, JVT-B087, and JVT-C096, slice groups can be used to code regions of interest. A region of high interest should be protected better than a region of low interest in the transport system. In some cases, a JVT encoder is directly connected to a transport coder that encapsulates the coded data stream and can apply a different kind of error protection for different transport packets. However, cases where the encoder is not connected to the transport coder are common too.  Two such examples include:

· Content is encoded, stored, and streamed later from stored files.

· A gateway converts a data stream from one network to another.

In these cases, the encoder can signal the transport priority of coded entities only as a part of the coded data stream. Thus, the transport priority of slice groups should be included in the JVT syntax in order to enable unequal error protection in all cases. 

We considered two alternatives for the syntax elements of the slice group priority information: the parameter set RBSP and a supplemental enhancement information message. The slice group priority is not a necessity for decoding the received data stream, which makes the SEI mechanism a suitable candidate for carrying the priority information. However, as the priority information may be used in gateways and as gateways cannot be mandated to parse each SEI message of the stream, we thought that the parameter set RBSP is a more appropriate location for the slice group priority information. Moreover, all other parameters related to slice groups reside in the parameter set, and thus the decision to use the parameter set RBSP makes the syntax consistent.

3.2 Proposed Syntax

The following addition to the parameter set is proposed:

	
num_slice_groups_minus1
	0
	u( 3 )

	
if( num_slice_groups_minus1 > 0 ) {  /* use of Flexible MB Order */
	
	

	

/* the definition of mb allocation maps is left out to save space */
	
	

	num_slice_group_priority_levels_minus1
	
	e( v )

	if (num_slice_group_priorities_minus1 > 0) {
	
	

	for( i=0; i<= num_slice_groups_minus1; i++ )
	
	

	
slice_group_priority
	
	e( v )

	}
	
	

	}
	
	


3.3 Proposed Semantics

num_slice_group_priority_levels_minus1 signals the number of priority levels for slice groups. Value 0 means that no different priorities are assigned to slice groups. 

slice_group_priority signals the priority of the slice group. Priority 0 has the highest subjective importance in image quality, and priority equal to num_slice_group_levels_minus1 has the lowest importance for image quality.

3.4 Decoder Operation

No changes in the decoder operation are needed.
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