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Abstract
Single-loop decoding is a very useful technique to reduce the decoding complexity in the multi-layer structure, however, the restrictions of the intra-base prediction sometimes degrades the performance especially for the fast-motion sequences. In order to improve this problem we proposed smoothed reference technique [4] that based on the residual prediction process to simulate the intra-base prediction by adding the smoothing function to the prediction signal with consideration of the residual prediction process. In this proposal, we add new prediction mode inspired from the same approach, which utilizes the actual downsampling function to generate the smoothed prediction signal. It downsamples the prediction signal composed of the inter-mode prediction of the current layer and the intra-mode prediction of the base-layer to simulate the decoded base-layer signal. From the experimental results, the proposed method reduces the blocking artifacts from residual predicted macroblocks. On the PSNR point of view, we obtained the clear performance improvements in fast-motion sequences such as Football and Soccer sequences within the context of the low-complexity decoding mode.
Single-loop decoding in JSVM2

Concept of single-loop decoding is very useful technique to reduce the decoding complexity in the multi-layer video coding such as the H.264 scalable extension. Basically, the single-loop decoding is realized to limit the prediction modes in the encoder-side. For the single-loop decoding mode, the intra_base prediction mode, which uses the base-layer texture information, can be used only if the corresponding base-layer macroblock mode is one of the intra prediction modes. It enables the decoder to perform the quarter-pel interpolation and the motion compensation operation only in the current layer. However, the limitation of the use of intra_base prediction mode sometimes degrades the performance by a clear margin. Figure 1 shows a PSNR curve of FOOTBALL sequence.
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Figure 1 PSNR curves of FOOTBALL sequence for JSVM1-multi-loop and JSVM1 single-loop decoding.

In this contribution, we will present a new prediction mode to simulate intra-base prediction by replacing a prediction signal of base layer by a downsampled prediction signal of a current layer in single-loop decoding mode.

New tool : Updated smoothed reference

Downsampling of the current layer prediction signal

Let OF, PF, and RF be the original, the prediction, and the residual signals of the current layer, and let OB, PB, and RB be the original, the prediction, and the residual signals of the base-layer. 

Now the residual prediction process can be written as:
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Furthermore, the intra-base prediction can be written as:
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where U(() is an optional upsampling filter and B(() is a deblocking filter.
Since the base-layer prediction signal,
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, cannot be utilized in the single-loop decoding mode, we proposed to use a downsampled version of the current layer prediction signal 
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On the equation 4, residual
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of base layer is used as a residual prediction and the prediction signal of a current layer after downsampling is used instead of
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. The sum of two signals passes through a deblocking filter or the bilinear smoothing function defined in [4] for H.264, and upsampled. Deblocking or smoothing process is not applied for base layer and current layer to have same resolution in equation 5 to reduce the complexity.
It should be noted that our previous contribution uses the bilinear smoothing function in equation (5) as
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From our experimental results, the equation (6) can reduce the computational complexity due to the downsample process whereas the PSNR gain is slightly reduced. If the computational complexity is a major concern, this kind of technique still can be useful. Finally, the computational complexity of the downsampling function can be reduced by simplifying the downsampling filter. It would be interesting to see the results for other kinds of downsampling filters.
Padding Process

In single-loop decoding, only intra mode macroblocks are reconstructed in the base-layer and the directional intra-prediction is performed last in the encoder-side. Thus the combination of the inter-mode macroblocks of the current layer and the intra-mode macroblocks of the base-layer can not cover the full picture sometimes. Thus, the downsampling process can cause an artifact at the edge pixels between the reconstructed and non-reconstructed macroblocks. In Figure 4, the red block is a intra macroblock that do not have any corresponding base-layer intra macroblock. It means that the red block is encoded by directional intra prediction scheme. Since this macroblock is not reconstructed yet, the samples values are all zero, which generates an artifact. To prevent this situation, a simple diagonal padding is applied before the downsampling process. (Figure 4)
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Figure 4 Mismatch between prediction signal in base layer and downsampled prediction signal 

Figure 5 shows a padding process (Figure 5). Diagonal extension is used for padding and the boundary value is copied as it is to empty area without any weighting function. After diagonal padding, the predictor is downsampled.
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          Figure 5 Diagonal padding for the blocks which don’t have image

Experimental results
We use combined configuration tests to evaluate the performance of new tools. For Munich test condition, the performance was already verified to improve the PSNR values especially in the fast-motion sequences. All PSNR values are included in another file named JVT-Q062-1.xls. In addition, the performance of the proposed method was compared to that of the original smoothed reference prediction proposed in the Poznan meeting. These results are included in the JVT-Q062-2.xls.
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Figure 6. PSNR curve of FOOTBALL sequence.

Figure 6 shows a PSNR curve of FOOTBALL sequence. As shown in the figure, the proposed method can improve the PSNR values up to 0.25 dB. Furthermore, the PSNR gains are very constant regardless of temporal levels.
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Figure 7. PSNR comparision between two approaches of the smoothing function.

Figure 7 shows a PSNR curve comparing the performance difference between two different smoothing function. SR1 uses a new downsampling filter approach whereas SR2 uses a bilinear smoothing function as proposed in [4]. As shown in the figure, the PSNR difference is up to 0.07 dB. It would be benificial if someone can improve the performance of SR2 or can reduce the computational complexity of SR1.
Syntax, semantics, and decoding process changes

Syntax changes

New flag (smoothed_prediction_flag) is added into the macroblock syntax just before the residual prediction flag as the followings: (added area is marked yellow). It should be noted that if smoothed_prediction_flag has a value of one, the base-layer residual will be already used, thus there is no need to encode the residual_prediction_flag.
	residual_in_scalable_extension( ) {
	C
	Descriptor

	if( MbPartPredType( mb_type, 0 )  !=  Intra_16x16  &&


MbPartPredType( mb_type, 0 )  !=  Intra_8x8  &&


MbPartPredType( mb_type, 0 )  !=  Intra_4x4  &&


MbPartPredType( mb_type, 0 )  !=  Intra_Base )
	
	

	

smoothed_prediction_flag
	3 | 4
	ae(v)

	
if( base_id_plus1  !=  0  &&  adaptive_prediction_flag  &&


MbPartPredType( mb_type, 0 )  !=  Intra_16x16  &&


MbPartPredType( mb_type, 0 )  !=  Intra_8x8  &&


MbPartPredType( mb_type, 0 )  !=  Intra_4x4  &&


MbPartPredType( mb_type, 0 )  !=  Intra_Base &&



smoothed_prediction_flag == 0 )
	
	

	

residual_prediction_flag
	3 | 4
	ae(v)


For the CABAC context, we re-use the context model of the residual prediction flag. It should be noted that the smoothed_prediction_flag is encoded even in the base_id_plus1 == 0 or adaptive_prediction_flag == 0 for the macroblock adaptive selection for those cases.

Semantics changes

smoothed_prediction_flag specifies the parameter how to modify the inter-predicted prediction signal. If it has a value of zero, no additional processing is applied. Otherwise, 1:2:1 smoothing filter is applied to the 4x4 block edges of the inter-predicted signal.
Decoding process changes

When smoothed_prediction_flag has a value of zero, sub clause 8.4.2 shall apply. Otherwise, the inter-predicted prediction signal is smoothed by a 1:2:1 smoothing filter after applying sub clause 8.4.2.

Conclusion

Another smoothed reference prediction is proposed. The proposed mode improves performance by changing a term of intra-base prediction, that is, downsampled prediction signal of current layer instead of a prediction signal of base layer. As a result, the proposed method is effective for sequences where the low-complexity decoding has a significant penalty.

References

[1] Heiko Schwarz, Detlev Marpe, and Thomas Wiegand, "Further results on constrained inter-layer prediction," 15th JVT meeting, JVT-O073, Busan, Korea.
[2] Julien Reichel, Heiko Schwarz, and Mathias Wien, "Joint Scalable Video Model JSVM-2," 15th JVT meeting, JVT-O202, Busan, Korea.

[3] Julien Reichel, Heiko Schwarz, and Mathias Wien, "Joint Scalable Video Model (JSVM) 1.0 Reference Encoding Algorithm Description," N6899, Hongkong, China.
[4] Woo-Jin Han, "Smoothed reference prediction for single-loop decoding," 17th JVT meeting, JVT-0085, Poznan, Poland.
(Append for Proposal Documents)
JVT Patent Disclosure Form
	International Telecommunication Union
Telecommunication Standardization Sector
	International Organization for Standardization
	International Electrotechnical Commission  

	[image: image16.wmf]
	[image: image17.png]1S0
NS




	[image: image18.png]





Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	Samsung Electronics
	

	Mailing address
	416, Maetan 3-dong, Paldal-gu, Suwon-si, Gyeonggi-do, 442-742
	

	Country
	KOREA
	

	Contact person
	So young KIM
	

	Telephone
	+82-31-200-3409
	

	Fax
	+82-31-200-3427
	

	Email
	
	

	Place and date of submission
	
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Smoothed reference prediction for single-loop decoding
	

	Contribution number
	
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	[image: image19.wmf]
	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,



	[image: image20.wmf]
	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.

	
	

	[image: image21.wmf]
	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.

	
	

	[image: image22.wmf]
	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.

	
	

	[image: image23.wmf]
	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	[image: image24.wmf]
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



	[image: image25.wmf]
	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:





































File: 문서1
Page: 1
Date Saved: 2005-10-11

_1190047524.unknown

_1190220005.unknown

_1190566672.unknown

_1190566839.unknown

_1190292335.unknown

_1190216848.unknown

_1190047550.unknown

_1183128415.unknown

