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Abstract

Compared to the current implementation of FGS technique in JSVM, progressive fine grain scalability (PFGS) uses the FGS layer as the reference frames to improve the coding efficiency. However, the computational complexity is the major burden of PFGS since motion compensation is needed for each FGS layer. In this contribution, we slightly modify the scheme for estimating the FGS residual in the PFGS scheme for the robustness of the interpolation filter effects. In addition, we apply the less complex bi-linear interpolation filter in the FGS layer to reduce the overall complexity of PFGS-based schemes. From the experimental results, it can be shown that the use of bi-linear interpolation filter does not degrade the PSNR values in the FGS layer, and the modified residual estimation process provides up to 7% bit-saving compared to the direct PFGS residual computation process.
1. Motivation
JSVM2 [1] includes Fine Grain Scalability (FGS) feature for encoding the residue between the spatial transform coefficients of the original picture in a SNR-scalable way, which is obtained after the MCTF of the corresponding spatial layer. Each quality enhancement layer contains a refinement signal that corresponds to a bisection of the quantization step size. FGS performance is not optimum in JSVM2, since only using base-layer’s temporal information. But JVT-O054 and some researchers already have proposed the new scheme to enable the prediction from the neighboring FGS layers. In addition, leaky prediction for restricting the drift effect due to the truncation of FGS layers was proposed. For the simplicity's sake, Let this kinds of algorithm category be the progressive fine grain scalability (PFGS). It is well-known that PFGS outperforms other FGS techniques since it utilizes the temporal correlation between FGS layers. But the one of the main problem of PFGS is its heavy complexity requirements, since additional motion compensation is needed to utilize the updated temporal information of reference frames for each layer. In this contribution, we would like to propose the use of the bilinear interpolation filter for the motion compensation in the FGS layer and a different equation to cancel the interpolation effects for reducing the computational burden in PFGS-based schemes.
2. Modified residual estimation process of PFGS
2.1 Residual estimation of PFGS
In the current implemenation of JSVM2, the residual of the FGS layer RF is defined by the difference between the residual signal R and the quantized version from the lower layer RB as
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Equation (1) can be rewritten by using the original and prediction signals as
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where O is the original signal and PB is the prediction signal at the lower-layer. It should be noted that the prediction signal at the base-layer, PB, is used instead of the current layer prediction signal. Progressive fine grain scalability (PFGS) technique enables us to use the prediction signal at the FGS layer. If we assume that the prediction signal of the current layer, PF, is used, the residual of the FGS layer RF can be written as:
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Equation (3) is very similar to the residual prediction in the multi-layer approach. It indicates that the most simplified form of the PFGS can be represented by the multi-layer residual prediction technique. Since Equation (2) only utilizes the base-layer texture information whereas Equation (3) utilizes the base-layer texture as well as the temporal correlation between temporal neighbours, PFGS naturally provides the better performance compared to the normal FGS schemes. However, the prediction from the FGS layer may produce the drift error when the neighbouring FGS layer is truncated. This type of drift error can be reduced by the leaky prediction method proposed in JVT-O054. In this proposal, we do not use the leaky prediction for focusing the interpolation filter performance. 
2.2 Application of bi-linear interpolation to PFGS process
In Equation (3), the base-layer residual RB can be divided into two terms: OB and PB, which are the reconstructed lower-layer signal and the reconstructed low-layer prediction signal, respectively. By reorganization of Equation (3) can be rewritten yields
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which means that the PFGS residual can be derived from the difference between the intra-base residual and the prediction differences. The first parenthesis term in Equation (4) can be computed without any motion compensation process. The second parenthesis term in Equation (4), which means the difference between two prediction signals, is more robust compared to Equation (3) due to that the interpolation error can be cancelled together, since both terms have the similar pattern of the interpolation errors. We propose Equation (4) to compute the PFGS residual and apply the bi-linear interpolation filter to reduce the computational complexity. That is, the bi-linear interpolation is applied for computing PF and PB in Equation (4).
3. Experimental results

Due to the late release of JSVM2, JSVM1 software was used as the baseline. We use one base-layer of Qp 40 and three FGS layers for QCIF 15Hz, CIF 30Hz, and 4CIF 60Hz. There are four systems to be compared as the followings: We will present QCIF and CIF cases for CIF sequences and CIF and 4CIF cases for 4CIF sequences.
· Anchor: JSVM1 software

· PFGS: JSVM1 software with modified FGS scheme using Equation (3)

· PFGS-B: JSVM1 software with modified FGS scheme using Equation (3) and bi-linear filter

· FPFGS-B: JSVM1 software with modified FGS scheme using Equation (4) and bi-linear filter
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Figure 1 PSNR curves of BUS sequence.

As shown in Figure 1, PFGS-based system clearly outperforms the current FGS implementation, however, if leaky scheme is used, the performance gap may be reduced. Therefore, the direct comparision compared to the anchor is not much meaningful. It can be proved if we can merge our scheme to Nokia's leaky predicton technique. The use of bi-linear filter slightly improves the performance while the modified residual computation can reduce the bit-rates up to 7% with virtually same PSNR compared to the PFGS-B.
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Figure 2 PSNR curves of Foreman sequence.
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Figure 3 PSNR curves of Football sequence.
In Football sequence, the PSNR gain is not large compared to other sequences. It is mainly due to the fact that the temporal correlation of this sequence is relatively weak, thus the schemes using the temporal correlation such as PFGS do not have much advantages.
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Figure 4 PSNR curves of Mobile sequence.
In Mobile sequence, the original PFGS scheme using original interpolation filter shows better performance due to the high-texture nature of the sequence. However, the modified residual estimation process can reduce the performance gap from the use of bi-linear interpolation filter.
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Figure 5 PSNR curve of City sequence.
It is interesting that the bi-linear interpolation filter improves the performance in 4CIF resolution of City sequence. Furthermore, the modified residual estimation process is better than the original PFGS with bi-linear interpolation filter.
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Figure 6 PSNR curve of Crew sequence.
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Figure 7 PSNR curve of Harbour sequence.
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Figure 8 PSNR curve of Soccer sequence.
4. Conclusion

From these results, it can be concluded that the use of bi-linear filter does not degrade the performance, and it even improves the PSNR value by up to 0.5 dB with the much low complexity. Furthermore, the modified residual estimation process can reduce the bit-rates up to 8% with the similar PSNR values compared to the unmodified one. Thus the combination of the modified residual estimation process and the bi-linear interpolation filter can be an effective tool for the SNR scalability of JSVM.
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