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1. Summary

We propose signaling of entire and partial spare 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. Furthermore, spare pictures may also help 1) to improve the quality of some decoded pictures by replacing the reference pictures by better ones, and 2) to improve error concealment by concealing a lost block as a corresponding block in one of the spare pictures. A similar mechanism was originally proposed in ITU-T SG 16 document Q15-J55 and included in H.263 Annex W.

Proposed agenda category: Improvements and enhancements

Keywords for agenda allocation: spare pictures, error resiliency, supplemental enhancement information (SEI)

2. fundamentals of spare pictuers

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 encodes 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 (or a part of another picture) resembles the actual motion compensation reference picture (or part of the 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. Thus, it would be beneficial to signal which coded pictures are similar entirely or partly.

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

2.3 Examples

Spare pictures are useful if there is little motion between the actual reference picture and the spare 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 discarded the bitstream of 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 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

Decoded using the spare picture

Figure 3. Example of Spare Reference Pictures.

Figure 4 shows a more complicated example where in News frame 12 can be used as a spare frame of frame 14 except for a scattered area. In this case, a bi-level map is used to represent the spare macroblock information. In Figure 4, the picture on the left is the spare macroblock map between frames 12 and 14. The similar areas which can be used as spare macroblocks are shown in black. The spare macroblock map indicates the decoder which parts of frame 12 can be served as a replacement of frame 14, when frame 14 is a reference frame and was lost or corrupted.
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Spare macroblock map
News frame #12

News frame #14

Figure 4. Example of spare pictures map.

3. proposed Syntax and codec operations

3.1 Syntax and Semantics

	spare_picture( PayloadType, PayloadSize ) {
	Category
	Descriptor

	delta_frame_num
	
	e( v )

	num_spare_pictures_minus1
	
	e( v )

	for (loop_count = 0; 
loop_count < number_of_spare_pictures_minus1 + 1; 
loop_count++) {
	
	

	delta_spare_frame_num
	
	e( v )

	ref_area_indicator
	
	e( v )

	if (ref_area_indicator = = 1)
	
	

	for(i=0; i<number_of_mbs_in_pic; i++)
	
	

	ref_mb_indicator
	
	u( 1 )

	else if(ref_area_indicator = = 2)
	
	

	ref_mb_compressed_map
	
	e( v )

	}
	
	

	}
	
	


The spare picture SEI message is associated with the picture to which the next slice or data partition in transmission order belongs. This picture is herein referred to as the current picture. The frame_num of the current picture is herein denoted as curr_frame_num.

delta_frame_num defines the picture, herein called as the actual picture, whose spare pictures and macroblocks are specified later in the message. The frame_num of the actual picture is herein denoted as actual_frame_num. delta_frame_num smaller than or equal to curr_frame_num indicates that actual_frame_num = curr_frame_num – delta_frame_num. delta_frame_num larger than curr_frame_num indicates that actual_frame_num = max_frame_num – delta_frame_num + curr_frame_num + 1. The actual picture is the stored picture having the actual_frame_num.

num_spare_pictures_minus1 specifies the number of pictures which contain spare picture or macroblocks for the actual picture. 
delta_spare_frame_num specifies to which frame the following spare picture information in the current loop count belongs. For the first spare picture of the message, candidate_spare_frame_num is equal to actual_frame_num – 1 if actual_frame_num is greater than 0 and max_frame_num otherwise. For later spare pictures, candidate_spare_frame_num is the spare_frame_num of the previous loop round minus 1 if spare_frame_num is greater than 0 and max_frame_num otherwise. For each loop round, delta_spare_frame_num smaller than or equal to candidate_spare_frame_num indicates that spare_frame_num = candidate_spare_frame_num – delta_spare_frame_num. spare_delta_frame_num larger than candidate_spare_frame_num indicates that spare_frame_num = max_frame_num – delta_spare_frame_num + candidate_spare_frame_num + 1.

ref_area_indicator specifies the area this message concerns:
0: 
Entire picture area.
1:
Uncompressed spare macroblock map.
2: 
Compressed spare macroblock map.

ref_mb_indicator indicates whether a macroblock can be considered as a spare picture. ‘0’ indicates yes, and ‘1’ indicates no. Macroblocks are scanned in raster scan order starting from the top-left corner of the picture.
ref_mb_compressed_map is the compressed macroblock indicator map. The coded maps are arranged into 1-dimensional signals in anticlockwise ring scan order before entropy coding. The entropy coding method is the following: The number of consecutive ‘0’s before the next ‘1’ is counted and used as the code number in the default codeword table (Table 9-3) defined in section 9.7.1 of JVT-D015d5. The first indicator map is coded as it is. For later indicator maps an exclusive-or operation is done first relative to the previous map, and the resulting differential map is then entropy-coded.

3.2 Non-Normative Encoder and Decoder Operations

We propose adding text according to this section into a non-normative appendix of the JVT standard.

3.2.1 Encoder operations

To determine whether a candidate reconstructed macroblock can be a spare macroblock of the current reconstructed macroblock, a certain threshold should be selected to evaluate the similarity between the original macroblock and the candidate macroblock. The recommended average pixel difference threshold is 6.

If the percentage of the macroblocks that can be used as spare picture is larger than another threshold, the encoder will assume that the entire picture can serve as a spare picture. The recommended threshold is 92 %.

The spare picture information between a picture and another picture should be transported together with the slice data of the picture or a later picture in transmission order in order to improve error resiliency.

3.2.2 Decoder operations

If a spare picture information is received for a picture that was partly or entirely lost during transmission, the lost parts of the picture should be replaced with correctly reconstructed spare reference macroblocks or picture, if available.

4. Simulations

Sub-sections 4.1 to 4.3 present the simulation results of using spare pictures information to improve quality of the displayed sequences in error prone environments. Only entire spare pictures information was used in the simulation. Sub-section 4.4 presents the results of compressing spare macroblock maps in terms of coding efficiency.

4.1 Overview of Spare Pictures Simulation

For each coded sequence (coded in RTP mode), some of the RTP packets were lost according to the error pattern file, then the lossy bitstream was fed to the decoder implemented based on JM-2.0b. Three output picture sequences (displayed pictures) were created:

1. Normal reconstructed sequence without considering spare pictures. This case corresponds to a “careless” decoder that displays any decoded picture regardless whether the picture is corrupted. (case #1)

2. If a picture is correctly reconstructed, output it normally. If a reference picture of the current picture is missing but the reference picture has a correctly reconstructed spare picture, output the current picture. Otherwise, repeat the latest picture in the file. (case #2)

3. If a picture is correctly reconstructed, output it normally. Otherwise, repeat the latest displayed picture. This case corresponds to a “cautious” decoder that freezes the picture if there is any error in the received data stream. (case #3)

At the same time, following numbers were calculated (1-3 are for each case, and the 4th number is only for case 2): 

1. number of displayed pictures (NumDispPics)

2. number of correctly received pictures (NumCorRecPics)

3. number of purposely repeated pictures (NumPurRepPics)
4. number of rescued pictures by using spare pictures (NumResPics)
NumResPics indicates how many frames that would be frozen in case 3 have been rescued (being not frozen) by spare pictures in case 2.

4.2 Simulation Method and Conditions

VCEG-N79r1 was used as a basis for simulations. Detailed simulation conditions are as shown below.

Sequences, Intra Coding Period and Error Concealment

We simulated three QCIF sequences Akiyo, Foreman and News at 144 kbps and 15 frame/s, with periodical intra coded frames to stop error propagation. The intra refresh period was one second. Except the first frame, if an intra coded frame contained losses, inter (spatial-temporal) error concealment was used instead of intra (spatial) error concealment. In other words, it was considered that the shot change signaling proposed in JVT-D099 or other means to detect correct error concealment type for intra pictures were in use.
Encoder Parameters

· Bitstream Mode: RTP

· Motion vector resolution: ¼ pel

· Hadamard transform: used
· Max search range: 16

· Number of previous frames used for inter motion search: 3

· All the block types enabled.

· Slice mode: fixed size, 1400 bytes/slice

· B-frames and SP-frames: not used

· Symbol mode: UVLC

· Data partition: 1 partition per slice

· Sequence header: no sequence header

· Search range restrictions: no

· Constrained intra prediction: used

· Restricted reference frames: no

· R/D optimization mode: 1

Bitrate Calculation

As stated in the common conditions specified in VCEG-N79r1, coding parameters such as quantization parameter were chosen to make the resulting bitrate as close as possible to but not larger than the channel bitrate, taking into account the 40 bytes of IP/UDP/RTP headers per packet. 

Packet Loss Simulation

We assumed that the packet containing the parameter set is conveyed reliably (possibly out-of-band during the session setup), and therefore no error pattern was read from the error pattern file for it. At least one packet of the first frame should be received to avoid decoder crash. To meet the requirement, the first packet of the first frame was always received regardless of the corresponding error pattern.

4.3 Results of Spare Pictures Simulation

The results are shown below. Live presentation of decoded sequences will be shown in the Klagenfurt meeting. 

As can be seen from the results, spare pictures information can 

1. help the decoder to rescue some frames with acceptable quality that would be frozen by a “cautious” decoder (case 3), and 
2. prevent displaying some corrupted frames that would be displayed by a “careless” decoder (case 1). 
Both a “careless” decoder (case 1) and a “cautious” (case 3) decoder will cause annoying effects: unacceptable picture quality (see snapshots of Akiyo and Foreman) and slow frame rate (see snapshots of News) respectively.
Furthermore, from the results of Akiyo, we can see that no frame were frozen in case 2. By observing the output sequences, we can see that no rescued frame has unacceptable artifacts. If the sequence has more motion, such as in Foreman or News, fewer frames can be rescued. By comparing the output sequences of Foreman and News in case 1 and case 2, it can be observed that there are some frames with acceptable quality that have been frozen in case 2. Thus, an advanced decoding quality evaluation would further improve the results with sequences having moderate to high motion. This topic is being investigated by the authors.

1. Akiyo@144kbps + 15fps, result bitrate = 140.31kbps, QP = 5, totally 150 coded frames

3% packet loss rate, NumDispPics = 150, NumCorRecPics = 98

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	0
	52

	NumResPics
	0
	52
	0


5% packet loss rate, NumDispPics = 150, NumCorRecPics = 33

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	56
	117

	NumResPics
	0
	61
	0


Frame #130 
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Frame #131 
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case 1


case 2

  
case 3

2. Foreman@144kbps + 15fps, result bitrate = 142.96kbps, QP = 15, totally 200 coded frames

3% packet loss rate, NumDispPics = 200, NumCorRecPics = 136

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	64
	64

	NumResPics
	0
	0
	0


5% packet loss rate, NumDispPics = 200, NumCorRecPics = 98

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	102
	102

	NumResPics
	0
	0
	0


Frame #57 
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Frame #58 
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case 1


case 2

  
case 3

3. News@144kbps + 15fps, result bitrate = 132.66kbps, QP = 12, totally 150 coded frames

3% packet loss rate, NumDispPics = 150, NumCorRecPics = 103

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	34
	47

	NumResPics
	0
	13
	0


5% packet loss rate, NumDispPics = 150, NumCorRecPics = 51

	Number of Frames
	Case 1
	Case 2
	Case 3

	NumPurRepPics
	0
	99
	99

	NumResPics
	0
	0
	0


Frame #117 
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Frame #118 
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case 1


case 2

  
case 3

4.4 Simulations on Compressing Spare Macroblock Maps

We compressed two spare macroblock maps for all the frames in the same sequences as the above simulation using four methods:

1. Direct entropy compression using raster/ring scan order, namely DirRaster/DirRing (no exclusive-or operation between spare macroblock maps is applied);

2. Differential entropy compression using raster/ring scan order, namely DiffRaster/DiffRing (an exclusive-or operation between spare macroblock maps is applied as explained in section 3.1).

The maps are arranged into 1-dimensional signals in raster scan order or anticlockwise ring scan order before entropy coding. The entropy coding method is the following: The number of consecutive ‘0’s before the next ‘1’ is counted and used as the code number in the default codeword table (Table 9-3) defined in section 9.7.1 of JVT-D015d5.
Simulation conditions are the same as the previous simulation. In the differential methods, the second map is differentially encoded. The average data amount of compressed maps versus that of uncompressed maps in terms of percentage of each sequence is as follows:

	DirRaster
	DirRing
	DiffRaster
	DiffRing

	Akiyo@144kbps + 15fps, result bitrate = 140.31kbps, QP = 5, totally 150 coded frames

	31 %
	24 %
	27 %
	22 %

	Foreman@144kbps + 15fps, result bitrate = 142.96kbps, QP = 15, totally 200 coded frames

	101 %
	98 %
	84 %
	82 %

	News@144kbps + 15fps, result bitrate = 132.66kbps, QP = 12, totally 150 coded frames

	52 %
	43 %
	43 %
	38 %


As can be seen from the results, compressing the spare macroblock maps can reduce the data amount significantly. The authors believe that there may exist better ways to compress the spare macroblock maps utilizing the distribution and statistics property more efficiently. 
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