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1. summary

This contribution includes two issues on random access. 

First, we propose the adoption of gradual decoder refresh based on isolated regions, flexible macroblock order, and turning off loop filter in slice boundaries. The original isolated regions technique of JVT-C072 is tailored for the JVT committee draft. Moreover, we propose a signaling method of gradual decoder refresh. 

Second, we propose the signaling of open decoder refresh and leading pictures. Herein, the term “leading picture” is used for any frame or picture that is not correctly decodable after accessing the previous I frame randomly and whose presentation time is before the I frame’s presentation time. An open decoder refresh picture refers to a randomly accessible frame with leading pictures.

Proposed agenda category: Improvements and enhancements

Keywords for agenda allocation: gradual decoder refresh, random access, flexible macroblock ordering, loop filter control

2. On Gradual decoder refresh

2.1 Background

2.1.1 Gradual Decoder Refresh

The JVT committee draft includes the concepts of instantaneous decoder refresh and independent GOP. Instantaneous decoder refresh refers to “clean” random access, where no data prior to an intra frame is referred to in the decoding process. An independent GOP is a group of pictures that can be decoded independently from previous or later pictures. An Instantaneous Decoder Refresh (IDR) picture signals the start of a new independent GOP. Thus, an IDR picture can be used as a random access point. For further details, see documents JVT-B041 that analyzed the requirements for instantaneous decoder refresh, and JVT-C083 that proposed the syntax, semantics, and standard text for the feature. 

Gradual decoder refresh (GDR) refers to “dirty” random access, where previously coded but possibly non-received data is referred and correct picture content is recovered gradually in more than one coded pictures. GDR allows random access capabilities at any type of frames. A signaling mechanism of GDR was first proposed in JVT-B063 (and then in the JVT output document JVT-B109). JVT-B063 concluded that there are basically two fundamental alternatives to initialize the decoding process:

1. “Best-effort decoding”.  In best-effort decoding all unavailable frames are initialized to mid-level gray and decoding of all frames is started but they are considered completely correct in content only after the indicated conditions are fulfilled.

2. “Assured decoding”.  The decoder starts decoding from an I frame and then waits until the indicated conditions are fulfilled before attempting to decode any more non-I frames with the assurance that the remaining frames contain no references to unavailable data.

The best-effort alternative was preferred in JVT-B063.

Coding of gradual decoder refresh was studied in JVT-C074. The contribution concluded that GDR is impossible to be realized using the current JVT codec and proposed the isolated regions technique for GDR coding.

2.1.2 Isolated Regions

The isolated regions (IREG) technique was proposed in JVT-C072. An isolated region is a solid area of macroblocks, defining the shape of the border across which loop filtering should be turned off and spatial in-picture prediction is limited. Temporal prediction outside the isolated regions in the reference frames should be disallowed. 

The shape of an isolated region may evolve during a number of consecutive coded pictures. The group of pictures (GOP), where the shape of the isolated region depends on the previous shape of the corresponding isolated region, and which includes the picture containing the initial isolated region coded without temporal prediction, is referred to as the group of pictures with evolutionary isolated regions (IREG GOP). The corresponding period (in coded reference frames) is called the period of evolutionary isolated regions or IREG period.

IREG provides an elegant solution for many applications, such as GDR (JVT-C074), error resiliency and recovery (JVT-C073), region-of-interest coding and prioritization, picture in picture functionality, and coding of masked video scene transitions (JVT-C075). With gradual random access based on IREG, media channel switching for receivers, bitstream switching for the server, and allowing newcomers for multicast streaming will be as easy as instantaneous random access with smoother bitrate.

The improved error resiliency property and the gradual decoder refresh property of isolated regions are applicable at the same time. Thus, when an encoder uses isolated regions to achieve gradual decoder refresh, it gets improved error resiliency “for free” without additional bitrate or complexity cost, and vice versa.

2.1.3 Flexible Macroblock Order (FMO)

FMO was proposed in JVT-C089, and was included in the current JVT committee draft. By partitioning pictures into slice groups, FMO allows the coding of macroblocks in an order other than the typical raster scan order. The key application of the proponents for the tool is the implementation of error resilience mechanisms such as scattered slices (JVT-C090) and slice interleaving (JVT-C091). Due to its flexibility, other applications are also possible. JVT-D095 proposes a few enhancements to FMO, while in this contribution a use of FMO in isolated regions, hence GDR, is shown.

2.1.4 Turning Off Loop Filter in Slice Boundaries

Turning off loop filter in slice boundaries was proposed in JVT-C117 to improve error resilience and to support perfect GDR.

It was revealed in the JVT email reflector after the Fairfax meeting that this loop filter limitation has two additional advantages: 1) It provides a good solution to the parallel processing problem of the FMO technique; 2) It is an necessity to enable correctly decoding out-of-order slices in time.

2.2 Gradual Decoder Refresh Proposal

2.2.1 Fundamentals of Isolated Regions

Loop Filtering Limitation
Loop-filtering across the edge of the refreshed area should be turned off in order to avoid a pixel value mismatch in normal decoding and decoding after random access. Gradual decoder refresh without the loop filter limitation is possible and annoying mismatches are not very likely. However, it is difficult to control the amplitude and propagation of mismatches. As turning off loop filtering in slice boundaries has a number of advantages (see section 2.1.4), use for gradual decoder refresh being one of them, we propose the following loop filtering limitation that can be signaled on picture basis:

Loop filtering is limited so that slice boundaries are handled as picture boundaries: 

1) If a macroblock and the neighbouring macroblock to its left belong to different slices, then the macroblock is filtered as if it were on the left picture boundary.

2) If a macroblock and the neighbouring macroblock above it belong to different slice, then the macroblock is filtered as if it were at the top macroblock row of the picture.

Slice Group Shape Evolution
A slice group is defined to cover certain region of the picture area that is appropriate for the application, whereas the coded size of a slice is typically adjusted according to the preferred transport packet size. For example, a checkerboard slice group definition may be used for good error concealment properties, but at the same time, the size of slices can be adjusted independently. A slice group is ideal for gradual decoder refresh, as an isolated region covers a certain spatial area, which can contain more than one slice but whose boundaries should be processed similarly to slices boundaries (in particular, loop filtering and intra prediction must be turned off). The shape, size, and location of the isolated region evolves, because the gradually refreshed area typically grows from picture to picture. While such shape evolution could be conveyed with the FMO syntax of the JVT committee draft, a remarkable amount of bits can be saved when specific FMO syntax for evolutionary shapes is defined.

Non-Normative Motion Vector Limitations in Encoder

Limit Motion Vectors Referring to the Interior of Isolated Regions

According to the number of reference frames used for motion compensation, the shape and position information of isolated regions in consecutive frames are stored. This information is used in motion estimation. When performing full-pixel motion estimation, the motion vectors referring outside the isolated regions in corresponding reference frames are discarded without calculating the coding costs.

Limit Motion Vectors Not Referring to Affected Sub-Pixels

In current JVT codec, 1/4 or 1/8 pel accuracy is used for non-integer pel motion estimation/compensation. Different interpolation filters are used to interpolate 1/4 and 1/8 sub-pixels. 

For 1/4 pel accuracy, 1/2 sample positions are interpolated using 6-tap filtering, and 1/4 sample positions are interpolated by averaging the two nearest samples at integer or 1/2 sample position or by averaging the four nearest integer samples (the funny position). As a result, leftover regions affect sub-pixels residing inside but less than 2 integer pixels away from the border of an isolated region. This fact is taken into account in sub-pel motion estimation: motion vectors referring to blocks closer than two pixels away from the boundary of the isolated region are discarded without calculating the coding costs.

For 1/8 pel accuracy, the operation is similar to the 1/4 pel case.

Coding Limitation for Frames Follow an Entire-Frame Isolated Region
Once a reliable reconstructed frame is obtained after an isolated region that equals to an entire frame, following limitations are imposed on coding of the subsequent frames: 1) New isolated regions must avoid prediction from the previous IREG GOP; 2) For leftover regions, prediction referring to leftover regions in frames prior to the reliable frame, and referring to any block in frames temporally before the previous IREG GOP should be avoided. Proper reference frame limitations and motion vector limitations similar as above are done to meet the two requirements.

2.2.2 Syntax and Semantics for Isolated Regions

In frames where tailored isolated regions technique described above is used, each picture contains one isolated region and the leftover region. The isolated region is a slice group, and the leftover region is another slice group. The region shapes of the two slice groups evolve follow the evolution of the isolated region from picture to picture, according to the signaled region growth rate.

We propose some new mb_allocation_map_types for signaling of isolated regions, as follows (added syntax for isolated regions are highlighted in yellow color, the green colored one is for rectangular slice groups proposed in JVT-D095):

	
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 )

	}
	
	

	}
	
	

	else if(mb_allocation_map_typ = = 4 ||

mb_allocation_map_typ = = 5 || mb_allocation_map_typ = = 6) {
	
	

	evolution_direction
	0
	u(1)

	growth_rate
	0
	e(v)

	}
	
	

	
}
	
	


The mb_allocation_map_type 4, 5, 6, and evolution_direction define six slice group evolution patterns of isolated regions as follows: 

	(mb_allocation_map_type, evolution_direction)
	Region Evolution Pattern

	(4, 0)
	Box out clockwise

	(4, 1)
	Box out counter-clockwise

	(5, 0)
	Raster scan

	(5, 1)
	Reverse raster scan

	(6, 0)
	Wipe right

	(6, 1)
	Wipe left


growth_rate is the number of macroblocks by which the isolated region grows per each picture. Note that num_slice_groups_minus1 shall be 1 (i.e., there are only two slice groups in the picture) when mb_allocation_map_type is 4, 5, or 6. The six region evolution patterns are defined as follows:

Raster scan: The first macroblock of the isolated region is the top-left one of the picture. The isolated region grows in raster scan order.

Reverse raster scan: The first macroblock of the isolated region is the bottom-right one of the picture. The isolated region grows in reverse raster scan order.

Wipe right: The first macroblock of the isolated region is the top-left one of the picture. The isolated region grows from top to bottom. The next macroblock after the bottom macroblock of a column is the top macroblock of the column on the right side of the previous column.

Wipe left: The first macroblock of the isolated region is the bottom-right one of the picture. The isolated region grows from bottom to top. The next macroblock after the top macroblock of a column is the bottom macroblock of the column on the left side of the previous column.

Box out clockwise: Let H denote the number of coded macroblock rows of the picture and W denote the number of coded macroblocks columns of the picture. The first macroblock of the isolated region is the one having coordinates (x0, y0) = (W/2, H/2) in (x, y) coordinate system having macroblock granularity and the origo on the top-left macroblock of the picture. “/” denotes division by truncation. The growth order is defined as shown in Figure 1. 


[image: image1]
Figure 1. Growth order of box-out clockwise shape evolution.

Box out counter-clockwise: Definitions of coordinate system, variables and the arithmetic operation are same as above, (x0, y0) = [(W-1)/2, (H-1)/2]. The growth order is similar as shown in Figure 3 but in counter-clockwise direction.

2.2.3 Signaling

In order to let decoders, coded-domain editing units and network elements distinguish a random access point easily, we propose that the start of an GDR period is signaled in the NAL unit type. The first picture of a GDR period is called a GDR picture. A precise syntax is not proposed, as the authors expect the NAL unit type syntax in the JVT CD to be changed as a result of the Klagenfurt meeting. The reader may refer to JVT-C074 to see a proposed syntax relative to the NAL unit type syntax of JVT working draft. 

The decoder can conclude the length of the GDR period based on the picture size and the growth_rate parameter. For example, if QCIF pictures were coded and the growth_rate was 10 macroblocks per picture, achieving a fully refreshed picture would take ceil(99 / 10) = 10 pictures since the start of the GDR period (inclusive).

3. On Open Decoder Refresh

3.1 Fundamentals

Figure 2 illustrates a conventional coded picture pattern IBBP. Boxes indicate frames in presentation order, arrows indicate motion compensation, letters in boxes indicate frame types, and values in boxes are frame numbers (according to section 8.2.5 of the JVT CD). Note that frame numbers indicate the coding/decoding order. Herein, the term “leading frame” or “leading picture” is used for any frame or picture that is not correctly decodable after accessing the previous I frame randomly and whose presentation time is before the I frame’s presentation time.
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Figure 2. IBBP coded frame pattern and leading B frames.

In earlier video coding standards without reference picture selection and decoupling of decoding and presentation order, an I picture is always a random access point. When an I picture is accessed randomly, the decoder just discards any following leading B pictures. 

We believe that coded frame patterns similar to the one in Figure 2 are common. MPEG-2 has the closed_gop flag that is equivalent to the independent GOP concept of the JVT CD. The opposite of a closed GOP could be called an open GOP. Thus, we refer to a randomly accessible frame with leading pictures as an Open Decoder Refresh (ODR) picture. Random access to ODR pictures should be made easy. Similarly to instantaneous decoder refresh signaling, we propose that an ODR picture has a dedicated NAL unit type. An ODR picture is an intra or SI picture that is not transported in data partitions. It has leading pictures but a full temporal resolution is recovered starting from presentation time of the ODR picture. A precise syntax is not proposed, as the authors expect the NAL unit type syntax in the JVT CD to be changed as a result of the Klagenfurt meeting.

3.2 Design Alternatives

We considered the following alternatives for accessing ODR pictures:

Implicit Identification of Leading Frames 

A conventional solution to the problem, following MPEG-2’s definition of the broken_link flag, is to consider all non-stored frames immediately following an I frame (in coding/decoding order) as leading frames. While this approach works in the simple case as depicted in Figure 2, it lacks the property of handling stored leading frames. An example of a coding scheme with a stored leading frame before a randomly accessible I frame is shown in Figure 3. The simple implicit identification of leading frames would not work correctly in the example. 
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Figure 3. Randomly accessible I frame with stored leading frames.

Another straightforward idea is to consider all B pictures occurring after the I frame as leading pictures. However, leading pictures may not always be B pictures. For example, the intra frame postponement method was proposed in ITU-T SG16/Q15 document Q15-K38 and in [1] for improved error resiliency. Figure 4 shows an example of an intra frame postponed by one stored frame interval. Consequently, there is one P frame (P17) preceding the intra frame in presentation order. 
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Figure 4. Intra frame postponement.
Due to lack of generality, we do not recommend adoption of this solution.

Use of Initialization Delay

JVT-B063 proposed that a frame can be associated with an initialization delay SEI information that signals how long time it takes until all subsequent frames in presentation order are completely correct in content after starting decoding from the frame. Although the initialization delay SEI information was proposed for gradual decoder refresh, it may also be used in open decoder refresh. There are three disadvantages of this approach: First, the decoder process for handling SEI messages is non-normative. Thus, there could be a standard-compliant SEI-unaware decoder that accesses a standard-compliant stream randomly but fails to decode it due to absent reference frames for leading pictures. Second, the decoder may decode some data, such as stored leading frames, unnecessarily as it does not know that they are not useful for the refresh operation. Third, the decoder operation for referring to missing frame numbers becomes more complicated. In a gradual decoder refresh period, the decoder must conclude which referred missing frame numbers were due to the refresh operation and which ones were lost during transport. Consequently, we do not recommend adoption of this solution.

Explicit Identification of Leading Frames

Here, leading frames are explicitly marked, and therefore there are no constraints or complications in encoder implementations and decoders can easily identify leading frames. Leading pictures can be any motion compensated pictures, i.e., P, B, and SP pictures. A flag associated with these picture types could be added in the NAL unit type syntax or in the picture or slice header syntax indicating if the picture is a leading picture. We recommend the adoption of this option, as it involves very little or no bit-rate overhead and is easy to use for encoders and decoders.
4. Signaling of Gradual and open decoder refresh

4.1 Detection of Random Access 

Some of the random access operations are generated by the end-user. The user seeks to a new position of a streamed file, for example. The decoder is likely to get an indication of a user-generated random access operation and can therefore act accordingly. However, some of the random access operations are not controlled by the end-user. For example, a spliced or edited stream may practically contain “cuts” in the coded stream that are similar to random access. We think that the decoder operation of detecting random access or cuts in coded stream should be defined normatively.

The group_of_pictures_header of MPEG-2 includes the broken_link flag, which indicates that the first consecutive B-pictures immediately following an I frame starting a GOP may not be correctly decoded because the previous reference is not available. While the broken_link flag is sufficient for detecting editing cuts, the sub-sequence identifier proposed in JVT-D098 can be used for the same purpose. As the sub-sequence identifier has a number of other use cases presented in JVT-D098, we propose that it is used for random access detection too.

4.2 Normative Changes in the JVT CD

A precise syntax for signaling of GDR and ODR pictures and leading pictures is not included, because the authors expect the NAL unit type syntax in the JVT CD to be changed as a result of the Klagenfurt meeting. 

The semantics of a ODR picture (to be included in an appropriate location of the standard) are as follows:

The decoding process can be started or restarted after a random access operation from an ODR picture. An ODR picture contains only I or SI slices, the NAL unit of type ODR contains a slice EBSP, and the ODR NAL unit type shall be used for all NAL units containing coded macroblock data of an ODR picture. 

The semantics of an GDR picture (to be include in an appropriate location of the standard) are as follows:

The decoding process can be started or restarted after a random access operation from an GDR picture. A GDR picture can be coded with any coding type. The GDR NAL unit type shall be used for all NAL units containing coded macroblock data of an GDR picture. 

In the following, it is assumed that leading pictures are signaled with the leading_picture_flag. The semantics of the flag are as follows:

leading_picture_flag signals a picture that shall not be decoded if the decoding process was started from the previous ODR picture in decoding order and no IDR picture occurred in the decoding order between the current picture and the ODR picture. The leading_picture_flag enables random access to a ODR picture that is used as motion compensation reference for temporally previous pictures in presentation order, without decoding those frames that cannot be reconstructed correctly if the ODR picture is accessed randomly.

The changes to the decoding process are as follows:

If the sub-sequence identifier of a GDR or an ODR picture is different from the previous received sub-sequence identifier, the decoder shall infer a gradual or an open decoder refresh operation, and the maximum long-term frame index shall be reset to 0. If an ODR operation started from an ODR picture and if no ODR or IDR picture was decoded since the initial ODR picture, a picture having leading_picture_flag equal to ‘1’ shall not be decoded. If a GDR operation started from an GDR picture, the decoder shall not decode any leftover regions and it shall not infer a loss of data if a leftover region is not received.

4.3 SEI Signaling

It was previously proposed in JVT-B063 and JVT-B109 to have SEI signaling conveying the characteristics of GDR operation. As stated in section 3.2, the signaling is also applicable to ODR operation. To be more specific, a pre-roll count, an initialization delay, or a combination of both was proposed. A pre-roll count indicates the number of reference pictures that should have been decoded on best-effort basis before receiving the next slice in order to obtain a correct reconstructed picture. An initialization delay indicates the presentation time, relative to the presentation time of the next received slice, that should be decoded before obtaining a correct reconstructed picture. 

As the proposed GDR and ODR NAL unit types assure correct decoding starting from the GDR or the ODR , the pre-roll period implicitly begins from the GDR/ODR frame. Moreover, the initialization delay in ODR is always 0, as all frames starting from the ODR frame in presentation order are decodable. The initialization delay in GDR can always be counted in number of stored frames as shown in section 2.2.3.

However, as GDR may be achievable with other types of GDR than proposed in this paper, the proposal of JVT-B063 and JVT-B109 is recommended, as it is general enough to cover all kinds of GDR.
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