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1. Summary

We propose signaling of entire and partial spare reference pictures with the Supplemental Enhancement Information mechanism. With the help of the proposed signaling, receivers may avoid unnecessary picture freezing, feedback, and error concealment, which are normally done as a response to missing picture data. A similar mechanism was originally proposed in Q15-J55 and included in H.263 Annex W.

In JVT-C068, we proposed that most SEI messages do not belong to any profile, as they can be disposed without affecting the decoding process. Consequently, we propose that the spare reference picture SEI message is an optional part of the JVT coding standard.

2. Detailed Proposal

2.1 Problem

When a picture is lost or it is so corrupted that the concealment result is not acceptable, the receiver typically pauses video playback and waits for the next INTRA picture to restart decoding and playback. If possible, the receiver also requests the far-end transmitter for an INTRA picture update. In some applications, e.g., in multicast video streaming, the transmitter cannot react to INTRA update requests, but rather the transmitter codes an INTRA picture relatively frequently, such as every few seconds, to enable new clients to join the multicast session and to enable recovery from transmission errors. Consequently, receivers may have to pause video playback for a relatively long time after a lost picture, and users typically find this behavior annoying.

2.2 Overview of the Solution

There are numerous ways, e.g., so-called Video Redundancy Coding, to decrease the probability of such transmission errors that would force the decoder to pause the playback. We propose yet another solution that is complementary to all prior-art methods. The solution is based on the fact that sometimes another picture resembles the actual motion compensation reference picture so well that it could be used as a reference instead of the actual one. In other words, the quality degradation caused by the alternative reference picture is so small that the quality is still considered acceptable. Sometimes a part of the picture, such as the background in static-camera sequences, remains the same in several consecutive pictures, and the background from any of these pictures can be used to predict subsequent frames. Thus, it would be beneficial to signal, which spatial parts of coded pictures are similar.

We propose signaling of entire and partial spare reference pictures with the Supplemental Enhancement Information mechanism. If the actual reference block is lost or seriously damaged, decoders may use an entire or partial spare reference picture instead.

2.3 Examples

Spare reference pictures are useful if there is little motion between the actual reference picture and the spare reference picture. For example, we coded Akiyo at 15 pictures per second with constant quantization parameter of 10. Figure 1 illustrates the beginning of the coded example sequence. Figure 3 shows the second P frame (P4) of the sequence, and the image on the left is error-free. Then, we deleted the first P frame of the sequence (P2) and decoded the sequence. In other words, the image on the right was decoded using the frame preceding the deleted frame as a reference as illustrated in Figure 2. Practically, you cannot see the difference, and therefore the encoder could have signaled that I0 can be used as a spare reference picture for P4.
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Figure 1. Example sequence.
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Figure 2. Usage of a spare reference picture.
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Decoded using the correct reference
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Figure 3. Example of Spare Reference Pictures.

Figure 4 shows an example where a large part of the picture contents stay unchanged. The picture on the left is frame number 165, whereas the picture on the right is frame number 240. The changed area between these frames can be enclosed into 64x64 rectangle shown in the figure. Thus, a partial spare reference picture excluding the indicated rectangle could have been defined for all pictures between the shown pictures. If any part of the area covered by the partial spare reference picture in any frame was lost, the decoder could have deduced from the partial spare reference picture information that it could replace the lost areas with the spatially corresponding contents in another picture.
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Figure 4. Example of partial spare reference pictures.

2.4 Picture Identification

In order to associate pictures as each other’s spare reference picture, they need to be identified reliably. This sub-section justifies our design decisions regarding the issue.

The picture number can be used as an identifier of short-term stored pictures. The picture number shall be incremented by 1 for each stored picture. When a certain maximum picture number value, defined in the parameter set, is reached, the picture number wraps over to zero. Thus, picture numbers serve for short-term identifiers only.

The definition of picture number serves both efficient picture number difference coding of multi-picture buffer operations and detection of lost pictures. If the difference of the picture numbers of two consecutively received and stored pictures is not 1, the decoder should infer a loss of pictures or corruption of data. However, because of file editing or when accessing a file or a bit-stream randomly, a discontinuity in picture numbers may occur naturally. Thus, it was proposed in JVT-B041 that the picture number shall be reset to zero in the first picture of an independently decodable GOP. The methods presented in JVT-B041 ended up in the output document JVT-B109 that is considered for approval in the third JVT meeting. An updated version of JVT-B041 is available in JVT-C083. If JVT-C083 becomes adopted, picture numbers wrap over to zero more often, and their use for reliable longer-term picture identification is more limited.

Long-term buffer index could also be used as a picture identifier (for long-term pictures only). However, in error-prone environments, a picture to be stored as a long-term picture or the memory management control operation promoting a picture to become a long-term picture may be lost. Thus, long-term picture indices are not considered as reliable picture identifiers.

The enhanced GOP concept introduced in JVT-B042 was accepted to the JVT coding standard in the second JVT meeting. The enhanced GOP concept organizes pictures in temporal scalability layers and sub-sequences. A sub-sequence represents a number of inter-dependent pictures that can be disposed without affecting the decoding of any sub-sequence in any less enhanced scalability layer. JVT-C080 proposed signaling of layer and sub-sequence information in slice headers. Consequently, pictures having the same picture number but residing in a different layer or sub-sequence can be identified from each other. 

We propose the use of picture number as the primary identification method for the spare reference pictures, and optional use of layer number and sub-sequence identifier to address pictures having the same picture number but residing in a different layer or sub-sequence.

2.5 Syntax

	spare_reference_message ( ) {
	Category
	Mnemonic

	
parameter_set_id(picture_parameter_set)
	
	

	
ref_area_indicator
	
	ecselbf

	
if (ref_area_indicator > 0) {
	
	

	

ref_area_topleft
	
	uimsbf(X)

	

ref_area_bottomright
	
	uimsbf(X)

	
}
	
	

	
number_of_spare_reference_pictures_minus_2
	
	ecselbf

	for (loop_count = 0; 
loop_count < number_of_spare_reference_pictures_minus_2 + 2; 
loop_count++) {
	
	

	

if (loop_count > 0) 
	
	

	


ref_pic_identification_mode
	
	ecselbf

	

else
	
	

	


ref_pic_identification_mode = 2
	
	

	

if (ref_pic_identification_mode < 2)
	
	

	


delta_PN_magnitude
	
	ecselbf

	

if (ref_pic_identification_mode == 2)
	
	

	


ref_absolute_PN
	
	uimsbf

	

if (NOL > 0) {
	
	

	


ref_layer_number_plus_1
	
	ecselbf

	


if (ref_layer_number_plus_1 > 0)
	
	

	



ref_sub_sequence_identifier
	
	ecselbf

	

}
	
	

	
}
	
	

	}
	
	


2.6 Semantics

The picture parameter set identifier indicates the picture and independent GOP parameter sets that are valid in this SEI message. In particular, the picture size and maximum picture number are needed from the valid parameter sets.

ref_area_indicator has one of the following values:
0: The message concerns the entire picture area.
1: The message concerns the entire picture area excluding the rectangle specified in the following parameters.
2: The message concerns the rectangle specified in the following parameters.

ref_area_topleft and ref_area_bottomright specify the corners of the rectangle referred to in the semantics of ref_area_indicator. The unit of the parameters is a macroblock. Macroblocks are numbered in raster scan-order starting from the top-left macroblock of the picture having number 0.

number_of_spare_reference_pictures_minus_2 specifies the number of pictures that are associated with each other as spare reference pictures or sub-pictures.

ref_pic_identification mode has one of the following values:
0: Negative difference to the previous PN is signaled.
1: Positive difference to the previous PN is signaled.
2: Absolute PN is signaled in the SEI message.

For the first picture of the SEI message, an absolute picture number is always given. For later pictures in the SEI message, the picture number can be coded differentially (ref_pic_identification < 2) as follows:
if (ref_pic_identification == 0)
  ref_absolute_PN = ref_absolute_PN – delta_PN_magnitude
else
  ref_absolute_PN = ref_absolute_PN + delta_PN_magnitude

If layers numbers and sub-sequence identifiers are present in slice headers, i.e., if the Number of Layers (NOL) in the parameter set is positive, ref_layer_number_plus_1 is present. If it is 0, no layer number and sub-sequence identifier is passed for this picture, and the picture is identified with ref_absolute_PN only. If it is greater than 0, the layer number of the picture is ref_layer_number_plus_1 – 1, and the sub-sequence identifier of the picture is ref_sub_sequence_identifier.

2.7 Decoder Operation

The following changes are proposed to section 9.1.1.2 of JVT WD2:

If the indicated parameter set in the latest received slice or data partition signals the required picture number update behavior, the decoder shall operate as follows. The default picture index order shall be updated as if pictures corresponding to missing picture numbers were inserted to the multi-picture buffer using the “Sliding Window” buffering type. An index corresponding to a missing picture number is called an “invalid” index. The decoder should infer an unintentional picture loss if any “invalid” index is referred to in motion compensation or if an “invalid” index is re-mapped. 

If the indicated parameter set in the latest received slice or data partition does not signal the required picture number update behavior, the decoder should infer an unintentional picture loss if one or several picture numbers are missing or if a picture not stored in the multi-picture buffer is indicated in a transmitted ADPN or LPIR.

In case of an unintentional picture loss, the decoder should check if a spare reference picture SEI message concerning the lost picture was received and if at least one of the indicated spare reference pictures was correctly reconstructed. If a suitable spare reference picture exists and if the required picture number update behavior was indicated, the decoder should replace the picture corresponding to an “invalid” index with the spare reference picture and remove the “invalid” indication. If a suitable spare reference picture exists and if the required picture number update behavior was not indicated, the decoder should insert the spare reference picture with the missing picture number into the multi-picture buffer assuming the “Sliding Window” buffering type. Then, the decoder should continue decoding normally. 
If an unintentional picture loss occurred and if no suitable spare reference picture was signaled or reconstructed, the decoder may invoke some concealment process. If the required picture number update behavior was indicated, the decoder may replace the picture corresponding to an “invalid” index with an error-concealed one and remove the “invalid” indication. If the required picture number update behavior was not indicated, the decoder may insert an error-concealed picture into the multi-picture buffer assuming the “Sliding Window” buffering type. Concealment may be conducted by copying the closest temporally preceding picture that is available in the multi-picture buffer into the position of the missing picture. The temporal order of the short-term pictures in the multi-picture buffer can be inferred from their default relative index order and PN fields. In addition or instead, the decoder may send a forced intra update signal to the encoder by external means (for example, Recommendation H.245), or the decoder may use external means or back-channel messages (for example, Recommendation H.245) to indicate the loss of pictures to the encoder.

If the decoder receives a spare reference picture SEI message concerning a picture in the multi-picture buffer that has been error-concealed earlier due to loss or corruption of at least part of the picture and in the absence of an applicable spare reference picture SEI message, the decoder should replace the corrupted part of the reconstructed picture with the corresponding part of one of the correctly reconstructed spare reference pictures.
2.8 Simulations

Simulations were done with an H.263 codec and reported in Q15-K39. The results showed that spare reference pictures improved error resiliency considerably. We believe that a similar result would be obtained with the JVT codec, as the spare reference picture feature is independent of the coding techniques in use.
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