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Abstract

This document reports a bug in the MVC specification and suggests a fix to the bug as a corrigendum. The problem relates to an inconsistency between the bitstream conformance requirement and the sub-bitstream extraction process. While it is possible to modify either place to fix the problem, fixing the sub-bitstream extraction process is expressed as a preferred solution.

1 Introduction

The following two paragraphs are copied from Subclause H.8 of the AVC spec:

The target output views are either specified by external means not specified in this Specification, or, when not specified by external means, there shall be one target output view which is the base view. Let OutputVOIdxList be the list of VOIdx values, in increasing order of VOIdx, of all the target output views in one access unit. The list OutputVOIdxList shall not change within a coded video sequence.

All sub-bitstreams that can be derived using the sub-bitstream extraction process with pIdTarget equal to any value in the range of 0 to 63, inclusive, tIdTarget equal to any value in the range of 0 to 7, inclusive, viewIdTargetList consisting of any one or more viewIdTarget's identifying the views in the bitstream as inputs as specified in subclause H.8.5 shall result in a set of coded video sequences, with each coded video sequence conforming to one or more of the profiles specified in Annex A and Annex H.

The 2nd paragraph (see the words in red fonts) specifies that any view included in an MVC bitstream may be specified as one of the target output views to be extracted. The 1st paragraph specifies that in each AU view components of all target output views must be present. Thus these two together specify that in any conforming MVC bitstream, in each AU view components of all views included in the bitstream must be present. In other words, all AUs must contain a base view, and different views must have the same frame rate. 

However, the above has a conflict with the sub-bitstream extraction process. According to the MVC sub-bitstream extraction process, one view that is not included in the target output views (but is used by at least one target output view for inter-view prediction at one or more AUs) may have no view components in some access units, e.g. when inter-view prediction is applied only in anchor access units or only in non-anchor access units, or when inter_view_flag is equal to 0 for view components of that non-target-output view in some access units.

2 Proposal

Two alternative solutions are possible, either changing the sub-bitstream extraction process or the related bitstream conformance requirement. Text changes for the two solutions are provided in subsections 2.1 and 2.2, respectively.

We prefer the first solution, which changes the sub-bitstream extraction process, such that each view included in the output sub-bitstream is complete (i.e. each view has a view component in each access unit), for the following reasons:

1) Bitstream conformance specification is more important than optimal bitstream extraction behavior, which can be performed by applications in any case.

2) In SVC (the scalable extension of H.264/MPEG-4 AVC), the bitstream conformance is specified in a way that the bitstream conformance requirements can be fulfilled after any recursive step of sub-bitstream extraction process based on one original SVC bitstream. That means, e.g., the discardable_flag, which is similar to inter_view_flag in MVC, was not used in the bitstream extraction process. It would be good for the MVC bitstream extraction to follow the same design principle.

3) The HRD parameters apply only when all views are complete. In other words, without significantly changing the HRD specification, including signalling of HRD parameters, it is not possible to specify the conformance of bitstreams containing incomplete views (i.e. views that do not have view components in some AUs in the bitstream).
2.1 Solution 1: changing the sub-bitstream extraction process
In solution 1, each extracted view is a complete view and a complete view refers to a view that has a view component in each access unit in the bitstream. In this solution, subclause 8.5 is changed as follows, where added texts are highlighted in green, and removed texts are strikethroughs highlighted in red.

H.8.5.1
Derivation process for required anchor view components

This process is recursively invoked to derive the set of required anchor view components for a specified view. The view_id's of all views for which the anchor view components are required for the specified view are marked as "required for anchor" and their corresponding VOIdx are included in VOIdxList.
Input to this process is a variable viewId, representing a view with view_id equal to viewId, with its corresponding view order index denoted by vOIdx.

Outputs of this process are the view_id equal to viewId being marked as "required for anchor", a possibly updated VOIdxList, and additional invocations of the derivation process based on the inter-view dependency for anchor view components in the view with view_id equal to viewId as specified in the sequence parameter set MVC extension.

The following ordered steps are specified:

1. Mark the view_id equal to viewId as "required for anchor" and Add vOIdx to VOIdxList if the same value is not already included in VOIdxList.

2. Depending on num_anchor_refs_l0[ vOIdx ] and num_anchor_refs_l1[ vOIdx ], the following applies.

–
If both num_anchor_refs_l0[ vOIdx ] and num_anchor_refs_l1[ vOIdx ] are equal to 0, terminate this process.

–
Otherwise (num_anchor_refs_l0[ vOIdx ] or num_anchor_refs_l1[ vOIdx ] is not equal to 0), the following ordered steps are specified:

a. When num_anchor_refs_l0[ vOIdx ] is not equal to 0, invoke the process specified in subclause H.8.5.1 for each viewId equal to anchor_ref_l0[ vOIdx ][ i ] for all i in the range of 0 to num_anchor_refs_l0[ vOIdx ] − 1, inclusive, in ascending order of i.

b. When num_anchor_refs_l1[ vOIdx ] is not equal to 0, invoke the process specified in subclause H.8.5.1 for each viewId equal to anchor_ref_l1[ vOIdx ][ i ] for all i in the range of 0 to num_anchor_refs_l1[ vOIdx ] − 1, inclusive, in ascending order of i.

H.8.5.2
Derivation process for required non-anchor view components

This process is recursively invoked to derive the set of required non-anchor view components for a specified view. The view_id's of all views for which the non-anchor view components are required for the specified view are marked as "required for non-anchor".
Input to this process is a variable viewId, representing a view with view_id equal to viewId, with its corresponding view order index denoted by vOIdx.

Outputs of this process are a possibly updated VOIdxList the view_id equal to viewId being marked as "required for non-anchor" and additional invocations of the derivation process based on the inter-view dependency for non-anchor view components in the view with view_id equal to viewId as specified in the sequence parameter set MVC extension.

The following ordered steps are specified:

1. Add vOIdx to VOIdxList if the same value is not already included in VOIdxList Mark the view_id equal to viewId as "required for non-anchor".

2. Depending on num_non_anchor_refs_l0[ vOIdx ] and num_non_anchor_refs_l1[ vOIdx ], the following applies.

–
If both num_non_anchor_refs_l0[ vOIdx ] and num_non_anchor_refs_l1[ vOIdx ] are equal to 0, terminate this process.

–
Otherwise (num_non_anchor_refs_l0[ vOIdx ] or num_non_anchor_l1[ vOIdx ] is not equal to 0), the following ordered steps are specified:

a. When num_non_anchor_refs_l0[ vOIdx ] is not equal to 0, invoke the process specified in subclause H.8.5.2 for each viewId equal to non_anchor_ref_l0[ vOIdx ][ i ] for all i in the range of 0 to num_non_anchor_l0[ vOIdx ] − 1, inclusive, in ascending order of i.

b. When num_non_anchor_refs_l1[ vOIdx ] is not equal to 0, invoke the process specified in subclause H.8.5.2 for each viewId equal to non_anchor_ref_l1[ vOIdx ][ i ] for all i in the range of 0 to num_non_anchor_l1[ vOIdx ] − 1, inclusive, in ascending order of i.

H.8.5.3 Sub-bitstream extraction process

It is requirement of bitstream conformance that any sub-bitstream that is the output of the process specified in this subclause with pIdTarget equal to any value in the range of 0 to 63, inclusive, tIdTarget equal to any value in the range of 0 to 7, inclusive, viewIdTargetList consisting of any one or more values of viewIdTarget identifying the views in the bitstream, shall be conforming to this Recommendation | International Standard.

NOTE 1 – A conforming bitstream contains one or more coded slice NAL units with priority_id equal to 0 and temporal_id equal to 0.

NOTE 2 – It is possible that not all operation points of sub-bitstreams resulting from the sub-bitstream extraction process have an applicable level_idc or level_idc[ i ]. In this case, each coded video sequence in a sub-bitstream must still conform to one or more of the profiles specified in Annex A and Annex H, but may not satisfy the level constraints specified in subclauses A.3 and H.10.2, respectively.

Inputs to this process are:

–
a variable pIdTarget (when present),

–
a variable tIdTarget (when present),

–
a list viewIdTargetList consisting of one or more values of viewIdTarget (when present).

Outputs of this process are a sub-bitstream and a list of VOIdx values VOIdxList.

When pIdTarget is not present as input to this subclause, pIdTarget is inferred to be equal to 63.

When tIdTarget is not present as input to this subclause, tIdTarget is inferred to be equal to 7.

When viewIdTargetList is not present as input to this subclause, there shall be one value of viewIdTarget inferred in viewIdTargetList and the value of viewIdTarget is inferred to be equal to view_id of the base view.

The sub-bitstream is derived by applying the following operations in sequential order:

1. Let VOIdxList be empty and minVOIdx be the VOIdx value of the base view.

2. For each value of viewIdTarget included in viewIdTargetList, invoke the process specified in subclause H.8.5.1 with the value of viewIdTarget as input.

3. For each value of viewIdTarget included in viewIdTargetList, invoke the process specified in subclause H.8.5.2 with the value of viewIdTarget as input.

4. Mark all VCL NAL units and filler data NAL units for which any of the following conditions are true as "to be removed from the bitstream":

–
priority_id is greater than pIdTarget,

–
temporal_id is greater than tIdTarget,

–
anchor_pic_flag is equal to 1 and view_id is not in the viewIdTargetList marked as "required for anchor".,
–
anchor_pic_flag is equal to 0 and view_id is not marked as "required for non-anchor",

–
nal_ref_idc is equal to 0 and inter_view_flag is equal to 0 and view_id is not equal to any value in the list viewIdTargetList.
5. Remove all access units for which all VCL NAL units are marked as "to be removed from the bitstream".

6. Remove all VCL NAL units and filler data NAL units that are marked as "to be removed from the bitstream".

7. When VOIdxList contains only one value of VOIdx that is equal to minVOIdx, remove the following NAL units:

–
all NAL units with nal_unit_type equal to 14 or 15,

–
all NAL units with nal_unit_type equal to 6 in which the first SEI message has payloadType in the range of 36 to 44, inclusive.

NOTE 3 – When VOIdxList contains only one value of VOIdx equal to minVOIdx, the sub-bitstream contains only the base view or only a temporal subset of the base view.

8. Let maxTId be the maximum temporal_id of all the remaining VCL NAL units. Remove all NAL units with nal_unit_type equal to 6 that only contain SEI messages that are part of an MVC scalable nesting SEI message with any of the following properties:

–
operation_point_flag is equal to 0 and all_view_components_in_au_flag is equal to 0 and none of sei_view_id[ i ] for all i in the range of 0 to num_view_components_minus1, inclusive, corresponds to a VOIdx value included in VOIdxList,
–
operation_point_flag is equal to 1 and either sei_op_temporal_id is greater than maxTId or the list of sei_op_view_id[ i ] for all i in the range of 0 to num_view_components_op_minus1, inclusive, is not a subset of viewIdTargetList (i.e., it is not true that sei_op_view_id[ i ] for any i in the range of 0 to num_view_components_op_minus1, inclusive, is equal to a value in viewIdTargetList).

9. Remove each view scalability information SEI message and each operation point not present SEI message, when present.
10. When VOIdxList does not contain a value of VOIdx equal to minVOIdx, the view with VOIdx equal to the minimum VOIdx value included in VOIdxList is converted to the base view of the extracted sub-bitstream. An informative procedure that outlines key processing steps to create a base view is described in subclause H.8.5.5.

NOTE 4 – When VOIdxList does not contain a value of VOIdx equal to minVOIdx, the resulting sub-bitstream according to the operation steps 1-9 above does not contain a base view that conforms to one or more profiles specified in Annex A. In this case, by this operation step, the remaining view with the new minimum VOIdx value is converted to be the new base view that conforms to one or more profiles specified in Annex A.

2.2 Solution 2: changing the related bitstream conformance requirement

In solution 2, not all extracted views are complete views while the target output views are complete views refers to a view that has a view component in each access unit in the bitstream.

In this solution, the related bitstream conformance requirement that is repeated in both subcluases 8.1 and H.8.5.3 is changed as follows, where added texts are highlighted in green, and no texts are removed.

H.8 MVC decoding process

...
All sub-bitstreams that can be derived using the sub-bitstream extraction process with pIdTarget equal to any value in the range of 0 to 63, inclusive, tIdTarget equal to any value in the range of 0 to 7, inclusive, viewIdTargetList consisting of any one or more viewIdTarget's identifying the complete views in the bitstream as inputs as specified in subclause H.8.5 shall result in a set of coded video sequences, with each coded video sequence conforming to one or more of the profiles specified in Annex A and Annex H, where a complete view refers to a view that has a view component in each access unit in the bitstream.
...

H.8.5.3 Sub-bitstream extraction process
It is requirement of bitstream conformance that any sub-bitstream that is the output of the process specified in this subclause with pIdTarget equal to any value in the range of 0 to 63, inclusive, tIdTarget equal to any value in the range of 0 to 7, inclusive, viewIdTargetList consisting of any one or more values of viewIdTarget identifying the complete views in the bitstream, shall be conforming to this Recommendation | International Standard, where a complete view refers to a view that has a view component in each access unit in the bitstream.
