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Abstract:

In this proposal, a method for improving SVC coding efficiency on the basis of polyphase down sampling (PD) is described. The presented method proposes to implement PD on residual signal before integer transformation in SVC enhancement layer, especially for SNR enhancement layer. Experiments based on JSVM2.0 are performed with different test sequences on Palma test points. Experimental results show that the presented method gives 0.08 – 0.2dB improvement over the tested sequence based on the same bit rate. It can also be observed that the presented method effectively improves the coding efficiency of FGS enhancement layer by 14% average bit rate reduction with 0.07dB PSNR loss in enhancement layer.

1. Introduction
This document presents a method using PD in JSVM FGS coding process for improving coding efficiency. In SVC, the input video signal of each layer after MCTF is decomposed into a set of temporal low-pass and high-pass pictures. For each picture, after MCTF, texture information and motion information are encoded, respectively. When fine grain SNR scalability (FGS) is enabled, the quality scalability is achieved by progressive SNR refinement texture coding. The presented method proposes to implement PD on residual signal before DCT transformation in the coding process of high-pass picture for each quality enhancement layer. The proposed method can be easily implemented with simple modification to the current JSVM coding structure. Furthermore, as PD is implemented on each 8x8 inter block where 4x4 transformation is adopted, hence only one 8x8x2 Octet memory block is required for the whole PD process.
2. Implementation of PD in FGS layer
The PD operation on residual signal has been proposed in [3] for error resilient coding purpose. In this document, PD is adopted for improving coding efficiency in SVC enhancement layer. In SVC, MCTF is first implemented on each spatial layer, after that, the input video signal is decomposed into high-pass and low-pass signal, then, the texture information and motion information derived from the MCTF process are coded for each low-pass and high-pass picture. In this proposed, one PD module is introduced in the coding process of FGS enhancement layer. The SVC encoder structure with the proposed PD module is shown in Fig. 1. 
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Fig. 1 Example of the encoder structure using PD in SNR enhancement layer coding
As the figure shown, PD module is inserted into the coding process of each spatial layer before the progressive SNR refinement texture coding and implements down sampling on the texture information which will be coded in FGS layer. Commonly, texture information includes both Intra texture and Inter texture. In this proposal, PD operation is proposed to be implemented on Inter texture, which is the residual signal obtained from the inter prediction. However, the proposed method can also be extended to Intra texture information, that will be studied later.
When the encoding process is concerned, in each spatial layer, as shown in Fig.1, the PD method will not be applied to the base layer coding. In this proposal, the PD operation is proposed to be implemented in the FGS layer coding process on each 8x8 inter residual block where 4x4 integer transform is employed. Further information on the implementation of polyphase down sampling in each 8x8 block can be referred to [3].
Above description is the implementation of the proposed method in SVC encoder. When the decoder is concerned, the inverse operation needs to be implemented in FGS layer decoding process. Corresponding to the PD operation in encoder, the polyphase upsampling is performed in decoder to the reconstructed residual signal which is obtained from the inverse integer transform. Similar to the encoder part, the polyphase upsampling will not be applied to the base layer.
3. Experimental results

To evaluate the performance of the proposed method, experiments based on JSVM2.0 are performed on Palma test points using the configuration files provided along with the software. In order to get the preliminary experimental results, PD is implemented on luma residual signals. The experimental results are shown in Fig. 2 – Fig. 8.
From the preliminary results, it can be observed that the proposed method which implements polyphase down sampling in FGS coding process, achieves 0.08 -- 0.2dB PSNR improvement at high bit-rate. As the proposed method is only implemented to FGS enhancement layer, so at low bit-rate, the proposed method will have similar performance as the original JSVM2.0. In addition, in order to evaluate the effectiveness of the proposed method, a simple simulation with 1 FGS layer on QCIF format base layer is made on foreman sequence. The test condition for that is illustrated in Table 1. The curves of per-frame bits reduction on FGS layer by the proposed method is given in Fig. 8. Where the ratio of bits reduction in FGS layer is obtained by (1):
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Where r is the ratio of the bits reduction, negative value represents a decrease in bit rate, while positive value indicates an increase in bit rate. 
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and R represent the bits used for coding each frame in FGS layer by the proposed method and the original JSVM2.0, respectively.
Experimental results in Fig. 8 clearly show that the proposed method significantly reduced the bits used for coding each frame in FGS layer. Around 14% average bit-rate reduction can be obtained by implementing the proposed method in FGS layer with the penalty of 0.07dB quality loss.
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Fig. 2 Performance comparison between the proposed method and JSVM2.0 on Bus sequence
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Fig. 3 Performance comparison between the proposed method and JSVM2.0 on Foreman sequence
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Fig. 4 Performance comparison between the proposed method and JSVM2.0 on Mobile sequence
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Fig. 5 Performance comparison between the proposed method and JSVM2.0 on Football sequence
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Fig. 6 Performance comparison between the proposed method and JSVM2.0 on City sequence
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Fig. 7 Performance comparison between the proposed method and JSVM2.0 on Soccer sequence
Table 1. Test condition for analysis on FGS enhancement layer bit-rate reduction
	Scalability
	SNR

	GOP Size
	32

	Intra period
	Only first frame

	Base layer resolution
	QCIF

	Base layer mode
	AVC compatible

	Intra mode usage
	On

	Number of FGS layers
	1 (Δ QP = 6)
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Fig. 8 Foreman sequence frame by frame performance on bits reduction in FGS enhancement layer
4. Conclusion
Compared with the original FGS coding in JSVM2.0, the proposed method significantly reduced the bit rate on FGS layer by approximately 14% with polyphase down sampling. So, we recommend that the polyphase down sampling method could be included in the FGS coding process.
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