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Introduction

Frames are stored at the decoder for reference, reordering or both.  The design of the Reference Frame Buffer (RFB) limits the number of frames that must be stored for reference.  To limit the frame stores required for reordering a Decoded Frame Buffer (DFB) has been introduced.  The philosophy has been that a single memory pool is supported by the decoder that can be dynamically used for reference frames or reordering.  Thus, the number of frame stores available for reordering depends upon the occupancy of the RFB.  We describe operation of the DFB to account for the memory used for reordering.  We express all storage in terms of frames rather than pictures to avoid the confusion resulting from frame-structured and field-structured pictures [JVT-E034].   

Memory Size

The level parameter specifies a total amount of memory, M bytes, available for holding reference pictures.  The size of a decoded frame is given by the frame size, F bytes. The number of frame stores is limited to 15 regardless of the availability of additional memory.  The number of frame stores in the RFB is given by: 

N=MIN(15, M/F)
Decoded Frame Buffers

The structure of the decoder is illustrated below.  The DFB has capacity to hold N frames used either for reference or reordering.  The distinction between short-term and long-term reference buffers need not be made in relation to the DFB.  Note the inclusion of the Picture Frame Buffer (PFB).  This buffer has the capacity to hold a single decoded frame.  We have not introduced an additional buffer but have highlighted the need for such a buffer in any implementation.  The buffer plays a role in our description of the buffering of decoded pictures.

Note with a level specifying X bytes of reference memory and a maximum picture size using Y bytes of memory, an implementation requires X+Y bytes of memory.  X byes for the reference memory and additional Y bytes for the largest possible frame decoded.  


[image: image1]
The PFB buffer is composed of a single frame store, the DFB is composed of N frame stores.  In addition to pixel data, each frame store includes: a decoded frame number, a reference flag for each field, and an Output Time Stamp (OTS) for each field.  Each field is marked either free or available for reference.   The OTS is used to indicate the need to reorder the field.  A frame store is used for reference if either field is marked available for reference.  A frame store is used for reordering if the OTS of either field is greater than the latest DTS.  The RFB describes the operations of marking and unmarking frames/fields as available for reference.  The primary purpose of the DFB is to describe the operations needed to handle buffering of frames for reordering i.e. handling OTS.  
frame_store each frame store includes: memory for storing two fields, a decoded frame number, and a flag for each filed indicating if the field is free or available for reference.  Additionally, each frame store contains OTS values for each field.  The OTS values are used to determine the need to store a field for later output.

Operation of DPB

The operations and their order are described below.  The order presented buffers reordered frames as long as possible only freeing memory prior to decoding the next picture.  Following initialization, the DPB operates at each DTS.  Frames are examined to free those no longer needed for reordering.  The DPB is examined and frames no longer needed for reference or reordering are removed.  Prior to decoding, the PFB is examined and data is buffered as needed for reference or reordering.  The next coded picture is decoded recording necessary information.  Following decoding, MMCO commands are executed.
Initialization:

The PFB and DFB are emptied:
All frame numbers are reset to -1.

All fields are marked free.

The OTS of each field is reset to -1.

Output
When the DTS of the next coded picture is reached, any field with OTS less than or equal to DTS is no-longer needed for reordering.  The DFB is examined and all fields with OTS less than or equal to the DTS of the next coded picture are reset to -1.  The PFB is examined and fields with OTS less than or equal to the DTS of the next coded picture are reset to -1.

Removal

The DFB is examined and any unneeded frame store, both fields marked free and OTS of both fields = -1, is freed, frame number reset to -1.  

Addition

The PFB is examined to determine if its contents must be stored.  The contents of the PFB are stored if either field is marked available for reference or either field has OTS greater than the DTS of the current coded picture.  If the contents must be stored, a frame store in the DFB is identified.  If the frame number of the PFB is not equal to the frame number of another frame store of the DFB, a free frame store of the DFB is identified.  The contents of the PFB are placed in the identified frame store.  If the frame number of the PFB equals that of an element of the DPB, the two frame stores must each contain only a single field marked available for reference and/or reordering.  The fields must have opposite parity.  In this case, the field in the PFB is added to the identified element of the DPB copying the decoded data, reference flag, and OTS of the field in the PFB.  
The PFB is reinitialized.

Decoding

The current coded picture is decoded.  During decoding, the decoder recordes frame_num, pic_structure, ref_pic_buffering_mode , and the sequence of memory_management_control_operation commands (MMCO) (from each slice header).  The decoder also records the nal_storage_idc of the current picture (identical in each NAL unit containing picture data), and OTS of the current picture.  If a picture is not specified for output its OTS is taken as -1 for purposes of the PFB.  The frame_num, pic_structure, nal_storage_idc and OTS value(s) are used to update the PFB frame store.  The ref_pic_buffering_mode and MMCO commands are used in the operation of the RFB.
RFB
Following decoding the current picture, operation of the RFB marks additional fields/frames free.  All MMCO commands are executed in the order received and the implicit MMCO commands implied by decoding an IDR frame or Sliding window operation are executed.  

Conformance

The DFB may overflow when attempting to add a decoded picture to the DFB.  Overflow can result when either of the following occurs:

1. The PFB has a frame number not present in the DFB but all frame stores are in use, a least one field either marked available for reference or OTS >-1.

2. The PFB has a frame number present in the DFB but the PFB and the frame store in the DFB cannot be joined; the PFB and DFB have fields of the same parity marked available for reference and/or positive OTS values and cannot be placed in a single frame store.
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