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Introduction


This document is intended to inform the ITU-T SG16 on the error resilience work that has and is taking place within MPEG-4.  Since many similarities already exist between MPEG-4 and H.263+, it is only natural that the additional tools available in MPEG-4  should be considered for future extensions of H.263.  Furthermore, efforts are underway for a closer working relationship between the ITU-T Mobile Group and the MPEG-4 error resilience ad hoc group, with the hope that this document can serve as starting point for this collaboration.  





Universal accessibility of both image and video information is an important requirement of the ISO MPEG-4 standard. In order to meet this requirement, the MPEG Video Group has developed a set of tools which improve the error robustness of an MPEG-4 video bitstream.   These error resilience tools insure that image or video information compressed using the MPEG-4 standard will be accessible over a wide range of storage and transmission media, including wireless networks. The MPEG-4 error resilience tools can be divided into  three major areas. These areas or categories include resynchronization, data recovery, and error concealment.  It should be noted that these categories are not unique to MPEG-4, but instead have been used by many researchers working in the area of error resilience for video. It is, however, some of the tools contained in these categories that are of interest, and where MPEG-4 makes its contribution to the problem of error resilience.





The following sections are organized according to the above classification of error resilience tools.  That is, the MPEG-4 tools which address Resynchronization, Data Recovery and Error Concealment are described in the corresponding sections.  Final remarks and suggestions are also provided.


Resynchronization


Resynchronization tools, as the name implies, attempt to enable resynchronization between the decoder and the bitstream after a residual error or errors have been detected.  Generally, the data between the synchronization point prior to the error and the first point where synchronization is reestablished, is discarded. If the resynchronization approach is effective at localizing the amount of data discarded by the decoder, then the ability of other types of tools which recover data and/or conceal the effects of errors is greatly enhanced.





The  resynchronization approach adopted by MPEG-4, referred to as the Video Packet approach, is similar to the Group of Blocks (GOBs) and Slice structures utilized by the ITU-T standards H.261, H.263 and H.263+.  In these standards, a GOB is defined as one or more rows of macroblocks (MB).  At the start of a new GOB, information called a GOB header is placed within the bitstream.  This header information contains a GOB start code, which is different from a picture start code and allows the decoder to locate this GOB in case synchronization with the bitstream is lost. Furthermore, the GOB header contains information that allows the decoding process to be restarted (i.e., resynchronize the decoder to the bitstream and reset all coded data that is predicted).





The GOB approach to resynchronization is based on spatial resynchronization.  That is, once a particular macroblock location is reached in the encoding process, a resynchronization marker is inserted into the bitstream.  A potential problem with this approach is that since the encoding process is variable rate, these resynchronization markers will most likely be unevenly spaced throughout the bitstream.  Therefore, certain portions of the scene, such as high motion areas, will be more susceptible to errors, which will also be more difficult to conceal.    The slice and video packet approaches attempt to evenly space the resynchronization markers throughout the bitstream.





The video packet approach adopted by MPEG-4, utilizes the length (in bits) of the video packets to determine when a new packet should be started.  In other words, the size of a video packet is not based on the number of macroblocks, but instead on the number of bits contained in that packet.  If the number of bits contained in the current video packet exceeds a predetermined threshold, then a new video packet is created at the start of the next macroblock. 





In Figure 1, a typical MPEG-4 video packet is described.  A resynchronization marker is used to distinguished the start of a new video packet.  This marker is distinguishable from all possible VLC code words as well as the Video Object Plane (VOP) start code.  Header information is also provided at the start of a video packet.  Contained in this header is the information necessary to restart the decoding process and includes: the macroblock address of the first macroblock contained in this packet and the quantization parameter (QP)  necessary to decode that first macroblock. The macroblock number provides the necessary spatial resynchronization while the quantization parameter allows the differential decoding process to be resynchronized. Following the QP is the Header Extension Code (HEC).  As the name implies, the HEC is a single bit to indicate whether additional information will be available in this header.  If the HEC is equal to one then the following additional information is available in this packet header: modulo time base, temporal reference, VOP prediction type and f_codes. 
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Figure � SEQ Figure \* ARABIC �1� Error Resilient Video Packet





Similar to the ITU-T standards, when utilizing the error resilience tools within MPEG-4, some of the compression efficiency tools are modified.  For example, all predictively encoded information must be confined within a video packet so as to prevent the propagation of errors.  In other words, when predicting (i.e., AC/DC prediction and motion vector prediction) a video packet boundary is treated like a VOP boundary. 





As final comment, all start codes including resynchronization markers are byte aligned.  A special set stuffing codes are utilized to insure this  byte alignment.  These stuffing  codes are specified in the table below.  








Number of Bits to Stuff�
Stuffing Code�
�
1�
0�
�
2�
01�
�
3�
011�
�
4�
0111�
�
5�
01111�
�
6�
011111�
�
7�
0111111�
�
8


(Only used in conjunction with Reversible VLCs)�
01111111�
�






Data Recovery


After synchronization has been reestablish, data recovery tools attempt to recover data that in general would be lost. These tools are not error correcting codes, but instead techniques which encode the data in an error resilient manner.  For instance, one particular tool that has been endorsed by the Video Group of MPEG-4 is Reversible Variable Length Codes (RVLC).  In this approach, the variable length code words are designed such that they can be read both in the forward as well as the reverse direction.  A complete description of the RVLC tables is provided in [1].





An example illustrating the use of RVLCs is given in Figure 2.  Generally, in a situation such as this, where a burst of errors has corrupted a portion of the data, all data  between the two synchronization points would be lost. However, as shown in Figure 2 , an  RVLC enables some of that data to be recovered. 








�


Figure � SEQ Figure \* ARABIC �2� Error Localization using Reversible VLCs





To fully utilize the error localization properties of the RVLCs, the syntax for the macroblock layer needs to be modified in order to group all the DCT coefficients together.  This reordering or data partitioning is necessary to ensure that the reverse decoding operation will not be blocked by a nonreversible code word (i.e., motion vector or MCBPC).  The data partition option within the error resilience mode provides this necessary syntax change. Data partitioning is described in the next section.


Error Concealment


Error concealment is an extremely important component of any error robust video codec. Similar to the error resilience tools discussed above, the effectiveness of an error concealment strategy is highly dependent on the performance of the resynchronization scheme.  Basically, if the resynchronization method can effectively localize the error then the error concealment problem becomes much more tractable.  For an application which utilizes low bandwidth network and requires low delay, the current resynchronization  scheme provides very acceptable results with a simple concealment strategy, such as copying blocks from the previous frame.





In recognizing the need to provide enhanced concealment capabilities, the Video Group  of MPEG-4 has developed an additional error resilient mode that  further improves the ability of the decoder to localize an error. Specifically,  this approach utilizes data partitioning.  This data partitioning is achieved by separating the motion and macroblock header information away from the texture information.  It should be noted, that when present, shape data is also partitioned with the motion data away from the texture data. 





This approach requires that a second resynchronization marker be inserted between motion and texture information.  Data partitioning, like the use of RVLCs is signaled to the decoder in a higher syntax layer.  Figure 3 illustrates the syntactic  structure of the data partitioning mode.  If the texture information is corrupted, this approach enables the motion vectors to still be decoded.  The correct decoding of the combined motion vectors and motion marker provides a high level of confidence that information is correct.  The motion vectors can then be utilized in performing motion compensated  error concealment.  That is, due to the errors, the texture information is discarded, while the motion is used to motion compensate the previous decoded VOP.
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Figure � SEQ Figure \* ARABIC �3� Data Partitioning








Data partitioning provided the single largest improvement in error resilience during the core experiment process of MPEG-4.  Specifically,  an average of 2 -3 dB improvement in PSNR was observed when data partitioning was in combination with video packet resynchronization as opposed to video packet resynchronization alone.





Conclusion 


As mentioned in the introduction, there are many similarities that exist between  MPEG-4 and H.263+.  The major similarity is that both standards utilize almost the same frame and macroblock syntax.  Therefore, tools found in MPEG-4 such as, data partitioning and reversible VLCs should be considered by Q15 when determining future annexes for H.263.  Data partitioning also offers an excellent starting point for the Mobile group and the MPEG-4 error resilience ad hoc group to begin collaboration on developing a set of optimized error resilient audio/video communication standards.  By optimized, it is implied that the tools available both at the video and multiplex levels will work in unison to produce a system that is robust against transmission errors.
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