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Abstract:
In this proposal, a polyphase down sampling (PD) based redundant slice coding method for SVC error resilience is described. The presented method proposes to implement PD in SVC redundant slice coding process, then encode and send part of the DCT coefficients. In decoding process, the uncoded pixels in redundant slice are reconstructed by both motion compensation and spatial interpolation. Experiments based on JM9.6 are performed on different test sequences in error prone environment with average packet loss rate of 3%, 5%, 10% and 20%. Experimental results show that the PD based redundant slice coding method gives 1dB improvement on average PSNR and 0.5-5.2 dB improvement on frame by frame PSNR over the conventional redundant slice coding method based on the same bit rate.
1. Introduction
In current AVC error resilient tools, redundant slice coding is an effective tool for video communication being robust to packet-loss. It can be implemented by totally repeating slice or coding slice with different coding parameters, for instance, redundant slice can be coded with higher QP [1]. In this proposal, a polyphase down sampling (PD) based redundant slice coding method is described which achieves higher PSNR of the reconstruction picture than common redundant slice coding methods do with the same coding redundancy. Also, the combination of the PD based redundant slice coding and the current redundant slice coding methods is presented, which takes more flexibility to the current encoder when video data are transmitted in unstable network environments.

2. PD based redundant slice coding for SVC error resilience
2.1. PD based redundant slice coding

The PD based video coding method as described in [2] is adopted in this proposal for redundant slice coding. The proposed method suggest to implement polyphase down sampling on each 8x8 inter residual block before DCT, where 4x4 transformation is adopted. After PD, N/4 of the residual signals can be flexible coded and transmitted according to the available bandwidth, where N can be any integer value between 1 and 4. In this way, the video encoder will generate different bit streams corresponding to different bit rates, respectively.
Besides working independently, the PD based video coding method can also be implemented in a cooperative way, where redundant slices are encoded not only with the PD based method but also with the other redundant slice coding methods as described in AVC standard to provide further bit-rate flexibility. For instance, redundant slices can be encoded with both the PD based method and the higher QP based method. In this case, after PD and DCT process, the transformed coefficients are encoded with higher QP values.
2.2. PD based redundant slice reconstruction

In error free environment, video data are reconstructed as described in [1]. When the decoded primary picture can not be correctly decoded due to the errors or losses in transmission of the sequence while a coded redundant slice can be correctly decoded, the decoder replace the samples of the decoded primary picture with the corresponding samples of the decoded redundant slice. 
In PD based redundant slice coding method, when error occurred, redundant slices are first decoded from the encoded bit stream, after that, such pixels that are not sent in the encoder are reconstructed with the prediction values and their neighboring pixel values which are decoded from the bit stream.
Fig. 1 illustrated the method for reconstructing such pixels that are not sent in the encoder.
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Fig. 1 Pixel reconstruction in PD based redundant slice coding method
In the above figure, the gray color pixels in the current frame represent the reconstructed pixels which are decoded from the bit stream, while the white color pixels represent pixels which are reconstructed by predicting from both the previous frame and their spatial neighboring pixels, as illustrated by the yellow color pixel. When the reconstruction process of the white color pixel is concerned, the prediction value from previous frame is first used as the preliminary reconstruction value, after that, the average value from its neighboring pixels is compared with the preliminary reconstruction value. If the difference between the two prediction values is less than the threshold
, the preliminary value is used as the reconstruction value, or else, the average value is used as the reconstruction value.
3. Experimental results

To evaluate the performance of the proposed method, experiments based on JM96 [3] are performed in error-prone environment with average packet-loss rate (PLR) equals to 3%, 5%, 10% and 20% respectively [4]. Redundant slice is coded for each slice. For simplicity, here, every picture without division is coded as one slice, and each slice is put into one packet independently. For the same reason, bit-stream repetition is adopted in each test sequence instead of sequence repetition. Also, 4000 contiguous coded pictures were used in the simulation to avoid the influence of error distribution in the patterns in the simulation results.

Experimental results for both the PD based and higher QP based redundant slice coding are shown in the following figures. Sequences are coded with the same target bit rates by both of the two methods. In the following figures, PD and QP are used to represent the experimental results of the PD based and the higher QP based redundant slice coding, respectively.

Experimental results show that, in error-prone environments, PD based redundant slice coding method constantly achieves higher reconstruction quality than the common method does. Especially when PLR is increased, the gap between the two methods becomes wider and wider. Around 1dB improvement in average Y-PSNR of the reconstruction pictures can be obtained by PD based method. From the curves for PSNR against time, it can also be observed that when packet loss occurred, PD based method provides better frame by frame performance over the common method.
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Fig.2 PSNR versus PLR for PD based and higher QP based redundant slice coding.
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Fig.3 PSNR versus Frame number for the PD based and higher QP based redundant slice coding.
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Fig. 4 PSNR versus PLR for PD based and higher QP based redundant slice coding.
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Fig. 5 PSNR versus Frame number for the PD based and higher QP based redundant slice coding
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Fig. 6 PSNR versus PLR for PD based and higher QP based redundant slice coding
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Fig. 7 PSNR versus Frame number for the PD based and higher QP based redundant slice coding
[image: image8.emf]City QCIF, 15fps-92kbps, Intra Refresh 50

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

02468101214161820

PLR(%)

Y-PSNR

QP

PD


Fig. 8 PSNR versus PLR for PD based and higher QP based redundant slice coding
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Fig. 9 PSNR versus Frame number for the PD based and higher QP based redundant slice coding
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Fig. 10 PSNR versus PLR for PD based and higher QP based redundant slice coding
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Fig. 11 PSNR versus Frame number for the PD based and higher QP based redundant slice coding
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Fig. 12 PSNR versus PLR for PD based and higher QP based redundant slice coding
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Fig. 13 PSNR versus Frame number for the PD based and higher QP based redundant slice coding
4. Conclusion
The PD based redundant slice coding method improves the performance of the AVC codec in error-prone environment over the common redundant slice coding method. The improvement can be seen from the 1 dB enhancement on average PSNR and 0.5 dB to 5.2 dB increase in frame by frame PSNR based on the same bit rate.
We recommend that the redundant slice should be able to contain PD based low quality content for the SVC standard
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