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1 Introduction

This document presents the response to CE 5 on quality layers. 

Section 2 presents the tool 1 results for the three extraction paths specified:

· 2.1 inter-layer prediction
· 2.2 intra-layer prediction
· 2.3 additional streams
· 2.4 presents additional tests for the SD sequences
· 2.5 presents the decoding process
 Section 3 presents the results for the tool 2 of the core experiment. 

And section 5 concludes this paper.

2 Tool 1: Coding rate coverage extension with dead substreams in the JSVM
The solution that we propose is to introduce "dead-substreams" in the embedded final bitstream [2]. The dead-substreams are additional streams that allow to reach higher rate points than the one used to predict the next higher layer. 
Following is a table showing high rate points that can not be reached by the current J-SVM:

	Sequences
	Prediction point
	High rate points not reached

	Bus
	QCIF15 128kbs
	QCIF15 160,192kbs

	Foreman
	QCIF15 80kbs
	QCIF15 96kbs

	Football
	QCIF15 256kbs
	QCIF15 320,384kbs

	Mobile
	QCIF15 96kbs
	QCIF15 112,128kbs


Table 1: Rate points that can not be reached at QCIF 15Hz, for sequences of scenario 2

As for the SD sequences, all rate points can be reached, as described in the Core Experiment Conditions Tests, the prediction points for those sequences have been decreased. Following is a table showing the modified prediction points and the high rate points that can not be reached:

	Sequences
	Prediction point
	Rate points not reached

	City
	QCIF15 112kbs

CIF30 448kbs
	QCIF15 128kbs

CIF30 512kbs

	Crew,

Harbour,

Soccer
	QCIF15 160kbs

CIF30 640kbs
	QCIF15 192kbs

CIF30 768kbs


Table 2: Prediction points and missing rate points, for the sequences of scenario 1
As defined in the description of the Core Experiment Conditions Tests, three extraction paths have been defined: 

· inter-layer prediction: each point can generate a lower spatio-temporal point, so dead substreams must be present at every point.  This case is similar to the extraction path proposed at the Munich meeting.

· intra-layer prediction: each high point of each spatio-temporal resolution generate the lower points of this spatio-temporal resolution. And, a high point of a lower spatial resolution is generated by the high point of the higher spatial resolution and same temporal resolution. This case is similar to the extraction path proposed at the Palma meeting. Dead-substreams must be present only at each high point of each spatio-temporal resolution. The use of dead-substreams only impacts on these high points.
· additional streams: dead substreams are considered as additional streams, so they do not impact on the PSNR performances.
These extraction paths are shown on the figure 1.
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Figure 1: The different extraction paths

The format and bit rates for each sequence are defined in the table 3. All extraction paths defined must include those points. Those points are the ones defined at the Palma meeting [6521]. Points selected at the Munich meeting appear in red.  

For the SD sequences (City, Crew, Harbour, Soccer), in the case of the intra-layer prediction, the Munich points do not respect the extraction path specified. The CIF 30Hz high rate point is not predicted by the 4CIF 30Hz high rate point but by the 4CIF 30Hz middle rate point. So the Munich points have been removed from the test sets for the intra-layer prediction extraction, so that the CIF 30Hz high rate point is predicted by the 4CIF 30Hz high rate point. 

The Munich points refers to the extraction path with inter-layer prediction.  
	Sequence
	Format
	Bit rates (kbit/sec)

	Bus
	QCIF 7.5Hz
	64
	80
	96
	112
	128

	
	QCIF 15Hz
	96
	112
	128
	160
	192

	
	CIF 7.5Hz
	128
	160
	192
	224
	256

	
	CIF 15Hz
	192
	224
	256
	320
	384

	
	CIF 30Hz
	256
	320
	384
	448
	512

	Football
	QCIF 7.5Hz
	128
	160
	192
	224
	256

	
	QCIF 15Hz
	192
	224
	256
	320
	384

	
	CIF 7.5Hz
	256
	320
	384
	448
	512

	
	CIF 15Hz
	384
	448
	512
	640
	768

	
	CIF 30Hz
	512
	640
	768
	896
	1024

	Foreman
	QCIF 7.5Hz
	32
	40
	48
	56
	64

	
	QCIF 15Hz
	48
	56
	64
	80
	96

	
	CIF 7.5Hz
	64
	80
	96
	112
	128

	
	CIF 15Hz
	96
	112
	128
	160
	192

	
	CIF 30Hz
	128
	160
	192
	224
	256

	Mobile
	QCIF 7.5Hz
	48
	56
	64
	80
	96

	
	QCIF 15Hz
	64
	80
	96
	112
	128

	
	CIF 7.5Hz
	96
	112
	128
	160
	192

	
	CIF 15Hz
	128
	160
	192
	224
	256

	
	CIF 30Hz
	192
	224
	256
	320
	384

	City
	QCIF 15Hz
	64
	80
	96
	112
	128

	
	CIF 7.5Hz
	128
	160
	192
	224
	256

	
	CIF 15Hz
	192
	224
	256
	320
	384

	
	CIF 30Hz
	256
	320
	384
	448
	512

	
	4CIF 15Hz
	512
	640
	768
	896
	1024

	
	4CIF 30Hz
	768
	896
	1024
	1280
	1536

	
	4CIF 60Hz
	1024
	1280
	1536
	1792
	2048

	Crew, Harbour, Soccer
	QCIF 15Hz
	96
	112
	128
	160
	192

	
	CIF 7.5Hz
	192
	224
	256
	320
	384

	
	CIF 15Hz
	256
	320
	384
	448
	512

	
	CIF 30Hz
	384
	448
	512
	640
	768

	
	4CIF 15Hz
	768
	896
	1024
	1280
	1536

	
	4CIF 30Hz
	1024
	1280
	1536
	1792
	2048

	
	4CIF 60Hz
	1536
	1780
	2048
	2560
	3072


Table 3: Spatio-SNR-temporal scalability test points (from Palma meeting; Munich test points indicated in red.)

The modified syntax can be found in the annex D. 

For the experiments, we use the JSVM1.0 as a basis. 
2.1 Inter-layer prediction 
In this experiment, every point must keep the dead substream. But, some points are too low to keep the dead substream without truncating it. So, in these cases, we throw away the dead substream and extract the bitstream with the desired rate. These points can be identified on the R/D curves when the curve with dead substream meets the reference curve. 

For the other points, the bitrate difference corresponds to the size of the dead-substreams. 
Results can be found in the annex A1.

2.2 Intra-layer prediction
In this test, the use of dead substreams impacts only on the high rate points of the spatio-temporal resolutions that have to generate a high rate point of a lower spatial resolution. Except for those points, the PSNRs are the same as the reference ones, and the dead substreams allow to reach higher rate points on QCIF for CIF sequences and on QCIF and CIF for SD sequences. 
Results can be found in the annex A2.
2.3 Additional streams
In this test, the use of dead substreams does not impact on the PSNR performances.

The curves are exactly the same as the reference ones, except that the dead substreams allow reaching higher rate points on QCIF for CIF sequences and on QCIF and CIF for SD sequences. 

Results can be found in the annex A3.

For all extraction path, the size of the SEI NAL containing the information to identify the dead substream has been taken into account in the final bitstream. This cost does not penalize the PSNR performances as when the dead substream is not present in the bitstream we obtain the same PSNR performances as the reference.

2.4 Additional tests for the SD sequences

For the SD sequences, as no point was missing, in the Core Experiment, we modified the prediction in order to introduce missing points. The results for this test were given above. 

Here, we compare the reference software J-SVM with no modification of the prediction points (i.e. it can reach all the rate points) and the software with dead substreams with modified prediction points (i.e. there are missing points)

We compare the Rate/Distortion curves for each extraction path.

On the R/D curves given for the additional stream and intra-layer extraction path, we can see that decreasing the prediction points of QCIF and CIF to code the SD sequences improves the PSNRs results from 0.1 to 0.3dB on the sequences City, Harbour and Soccer. Decreasing the prediction points implies that some high points on QCIF and CIF may not be reached. But, the use of dead substream allows reaching those points. 

For the inter-layer extraction path, the gain obtained when the prediction points have been decreased allows to compensate the loss due to the use of the dead substreams in this path scenario. 

2.4.1 Inter-layer prediction
Results can be found in the annex B1.

2.4.2 Intra-layer prediction
Results can be found in the annex B2.
2.4.3 Additionnal streams
Results can be found in the annex B3.
2.5 Decoding process with dead susbtreams

Keeping dead substreams in an extracted bitstream that is going to be decoded decreases the PSNR performances because the datas contained in the dead substream is also decoded by the decoder. The decoder can not identify dead substream information from a lower spatial layer from refinement information that must be used for that layer. This implies a drift in the decoding process and impacts on the calculated PSNR. An example of such a drift is given for the sequence Bus in the case of the inter-layer prediction on the figure 2. We compare the PSNRs given with the dead substream in the inter-layer extraction path when dead substream is removed before decoding (DS) and when it is not (DS drift). We can observe a loss until 0.54dB due to the presence of the dead substream at the decoder. 
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Figure 2: Drift at decoding if no additional extraction is performed to remove the dead substream before the decoding
For the core experiment, we performed an additional extraction before the decoding process, in order to remove the dead substreams from the extracted bitstream. 

3 Tool 2: Layered quality optimization for JSVM
This section presents the PSNR results for the tool 2 (quality levels). 

The aim of this tool is to introduce quality levels information in the final bitstream in order to optimize the reconstruction quality of a target point by selecting the best rate allocation among coded frames [3].  The modified syntax can be found in the annex E.

On the Rate/Distortion curves, we can observe that the quality levels allow to improve PSNR results for some sequences (Mobile, Bus, City), and for other sequences give similar results as the JSVM1.0. 

The size of the SEI NAL has been taken into account in the final bitstream containing the quality levels. We can see that this cost does not penalize our results, as in the worst case, quality levels performs as well as the reference. 

Results can be found in the annex C.
4 Tool 1&2: Combined layered quality optimization for JSVM 

Due to lack of time, we have not tested this solution yet.  

5 Conclusions and further studies

To conclude, we have shown for the tool 1 (dead substream) that the introduction of dead substreams allows to reach higher rate points than the ones used for prediction of the next higher layer with little impact on the PSNR performances, depending on the extraction path used. In the case of simulcast applications, there is no impact on the performances. 

We have also shown for the tool 1 the necessity to have a normative syntax in order to avoid the drift at the decoder due to the presence of the dead substream. 

For the tool 2 (quality layers), we have shown improved PSNR for some sequences from 0.1 to 0.52 dB. 

For other sequences, no gain has been shown and PSNR are the same as those of the reference. Further studies will deal with improving the Rate/Distortion model and looking for an exhaustive search for quality layers.

We need also to test the combination of tool 1 and 2: i.e. considering the dead substream as a high level of quality.   
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Annex A: Rate/Distortion curves for tool 1
A.1 Inter-layer prediction
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[image: image6.emf]Sequence Football: inter-layer prediction
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[image: image7.emf]Sequence Foreman: inter-layer prediction
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[image: image8.emf]Sequence Mobile: inter-layer prediction
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[image: image9.emf] Sequence City: inter-layer prediction
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[image: image10.emf]Sequence Crew: inter-layer prediction
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[image: image11.emf]Sequence Harbour: inter-layer prediction
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[image: image12.emf]Sequence Soccer: inter-layer prediction
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A.2 Intra-layer prediction

[image: image13.emf]Sequence Bus: intra-layer prediction
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[image: image14.emf]Sequence Football: intra-layer prediction
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[image: image15.emf]Sequence Foreman: intra-layer prediction
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[image: image16.emf]Sequence Mobile: intra-layer prediction
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[image: image17.emf]Sequence City: intra-layer prediction
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[image: image18.emf]Sequence Crew: intra-layer prediction
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[image: image19.emf]Sequence Harbour: intra-layer prediction
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[image: image20.emf]Sequence Soccer: intra-layer prediction
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A.3 Additionnal streams 

[image: image21.emf]Sequence Bus: additional streams
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[image: image22.emf]Sequence Football:  additional streams
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[image: image23.emf]Sequence Foreman:  additional streams
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[image: image24.emf]Sequence Mobile:  additional streams
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[image: image25.emf]Sequence City: additionnal streams
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[image: image26.emf]Sequence Crew: additionnal streams
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[image: image27.emf]Sequence Harbour: additionnal streams
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[image: image28.emf]Sequence Soccer: additionnal streams
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Annex B: Additional tests results for tool 1: dead-substreams
B.1 Inter-layer prediction

[image: image29.emf]Sequence City: inter-layer prediction (add. tests)
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[image: image30.emf]Sequence Crew: inter-layer prediction (add. tests)

31

32

33

34

35

36

37

0500100015002000250030003500

ORIG 4CIF15

ORIG 4CIF30

ORIG 4CIF60

DS 4CIF15

DS 4CIF30

DS 4CIF60

ORIG CIF 7.5

ORIG CIF 15

ORIG CIF 30

DS CIF 7.5

DS CIF 15

DS CIF 30

ORIG QCIF 15

DS QCIF15


[image: image31.emf]Sequence Harbour: inter-layer prediction (add. Tests)
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[image: image32.emf]Sequence Soccer: inter-layer prediction (add. Tests)
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B.2 Intra-layer prediction
[image: image33.emf]Sequence City: intra-layer prediction (add. Tests)
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[image: image34.emf]Sequence Crew: intra-layer prediction (add. Tests)
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[image: image35.emf]Sequence Harbour: intra-layer prediction (add. Tests)
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[image: image36.emf]Sequence Soccer: intra-layer prediction (add. Tests)
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B.3 Additional streams 
[image: image37.emf]Sequence City: additionnal streams (add. Tests)
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[image: image38.emf]Sequence Crew: additionnal streams (add. Tests)
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[image: image39.emf]Sequence Harbour: additionnal streams (add. Tests)
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[image: image40.emf]Sequence Soccer: additionnal streams (add. Tests)
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Annex C: Rate/Distortion curves for tool 2: quality layers
[image: image41.emf]Sequence Bus: quality layers
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[image: image42.emf]Sequence Football: quality layers
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[image: image43.emf]Sequence Foreman: quality layers
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[image: image44.emf]Sequence Mobile: : quality layers
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[image: image45.emf]Sequence City: quality layers
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[image: image46.emf]Sequence Crew: quality layers
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[image: image47.emf]Sequence Harbour: quality layers
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[image: image48.emf]Sequence Soccer: quality layers
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Annex D: Modified syntax for the tool 1

For each spatio-temporal frame of a video sequence, a dead substream is optionally indicated. 

Since this additional information is desirable but not necessary, we propose to transmit this additional information as SEI (Supplemental enhancement information) messages, by introducing a new SEI message

Note that in this proposal, the dead-substream information (thus the SEI message) is attached to a spatio-temporal image layer (including Base layer + FGS enhancement layers), i.e. what is defined as a CLASS in m11708.

SEI payload syntax

	sei_payload( payloadType, payloadSize ) {
	C
	Descriptor

	if( payloadType  = =  0 )
	
	

	buffering_period( payloadSize )
	5
	

	else …
	
	

	else if( payloadType  = =  42 )
	
	

	
dead_substream_info( payloadSize )
	5
	

	else
	
	

	
reserved_sei_message( payloadSize )
	5
	

	if( !byte_aligned( ) ) {
	
	

	bit_equal_to_one  /* equal to 1 */
	5
	f(1)

	while( !byte_aligned( ) )
	
	

	bit_equal_to_zero  /* equal to 0 */
	5
	f(1)

	}
	
	

	}
	
	


	dead_substream_info ( payloadSize ) {
	C
	Descriptor

	
delta_dead_substream
	5
	ue(v)

	}
	
	


SEI payload semantics

dead_substream_info SEI message semantics

dead substream info defines an information useful for the extraction of dead sub-streams from a scalable bit-stream. When used, SEI message must be present before the extraction of a sub-stream of the targeted frame.

delta_dead_substream: specifies the offset in bytes from where the dead substream information starts.

Annex E: Modified syntax for the tool 2

For each spatio-temporal slice of a frame of the video sequence, quality levels are defined. For the sake of simplicity, we define this additional information as SEI message (For the CE process, it thus implies no modifications in the main syntax). When present, one SEI NAL Unit applies to the next spatio-temporal slice (Base layer plus FGS refinement data NAL Units).

Here are the modifications on the current SVM syntax (introducing a new AVC SEI message) 

SEI payload syntax

	sei_payload( payloadType, payloadSize ) {
	C
	Descriptor

	if( payloadType  = =  0 )
	
	

	buffering_period( payloadSize )
	5
	

	else …
	
	

	else if( payloadType  = =  40 )
	
	

	
quality_levels_info( payloadSize )
	5
	

	else
	
	

	
reserved_sei_message( payloadSize )
	5
	

	if( !byte_aligned( ) ) {
	
	

	bit_equal_to_one  /* equal to 1 */
	5
	f(1)

	while( !byte_aligned( ) )
	
	

	bit_equal_to_zero  /* equal to 0 */
	5
	f(1)

	}
	
	

	}
	
	


	quality_levels_info( payloadSize ) {
	C
	Descriptor

	
num_quality_levels                                          
	5
	u(4)

	
for( i = 0; i < num_quality_levels; i++ ) {
	
	

	

quality_level[I]
	5
	u(8)

	

delta_quality_level_byte_offset[i]

}
	5
	ue(v)

	}
	
	


SEI payload semantics

Quality levels SEI message semantics

Quality levels define a set of information useful for an optimal extraction of sub-streams from a scalable bit-stream. When used, SEI message must be present before the extraction of a sub-stream of the targeted slice.

num_quality_levels : specifies the number of quality levels defined for this frame

quality_level[i] : specifies the value of the i-th quality level

delta_quality_level_byte_offset[i] : specifies the number of bytes that should be extracted (starting from the beginning of the first data NAL unit, each quality level offset being coded as an increment to the previous quality level offset) for the i-th quality level. 
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