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Abstract
In this proposal, we present a new embedded quantization for the improved SNR scalability. In our proposed method, DCT significant coefficients of the residues of each SNR enhancement layer are divided into 3 groups and quantized into three values, -1, 0, and 1. In order to quantize and de-quantize the DCT significant coefficients, the proposed method calculates quantization intervals and reconstructions values in the sense of R-D optimization. Then, DCT significant coefficients of each enhancement layer are quantized and de-quantized using the values obtained by the proposed method. This method computes the quantization intervals and reconstruction values in the sense of R-D optimization. The experimental results showed the improvement 0~1.4dB in the first SNR enhancement layer. 
1. Introduction

In this proposal, we present a new embedded quantization for the improved SNR scalability. In our proposed method, DCT significant coefficients of the residues of each SNR enhancement layer are divided into 3 groups and quantized into three values, -1, 0, and 1. Instead of using the existing method [1], the proposed method optimally calculates quantization intervals and reconstructions values in order to quantize and de-quantize the DCT significant coefficients. Then, each enhancement layer’s DCT significant coefficients are quantized and de-quantized using the values calculated by the proposed method.
2. Proposed embedded quantization for the improved SNR scalability

In the JSVM [2], the SNR scalability is provided by iterative quantization of the residual signals computed between the original subband pictures and the reconstructed subband pictures obtained after decoding the SNR base layer and previous SNR enhancement layers. 
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Figure 1 Rounding artifact

However, quantization intervals are not embedded in the JSVM progressive quantization method due to the rounding artifact as shown Figure 1. In Figure 1, the coefficients within red (or blue) blocks of the SNR base layer are embedded into the red (or blue) block of the SNR enhancement layer. Figure 1 (a) shows that quantization intervals perfectly are embedded in the quantization interval of the base layer. While, as shown figure 1 (b), (c), there is the difference between SNR base layer and SNR enhancement layer. That is, the difference between the coefficients of input residues of a current layer and dequantized coefficients of a current layer and the coefficients of input residues of the next enhancement layer is likely not to be coherent. 
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Figure 2 proposed quantization and de-quantization
We propose the embedded quantization for the improved SNR scalability. As shown figure 2 that illustrates quantization in each enhancement layer, the coefficients of each SNR enhancement layer are located in the boundaries between the quantization steps 
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 and reconstruction values of each quantization step 
[image: image7.wmf]0

d

, 
[image: image8.wmf]1

d

,  and 
[image: image9.wmf]2

d

 are computed optimally as follows.
 From the distribution of current DCT significant coefficients 
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, we calculate 3 quantization intervals and 3 reconstruction values which minimize the cost function given by
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 is the reconstruction value of k-th interval, 
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 is the number of the total coefficients, 
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 is the number of the coefficients of the k-th interval, 
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 is the sorted version of coefficient 
[image: image20.wmf]ij

W

 and 
[image: image21.wmf]i

x

n

is the number of the coefficients 
[image: image22.wmf]l

x

. Using the calculated quantization intervals and reconstruction values, the quantized DCT coefficients values 
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 are determined as follows:
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At the decoder, the reconstructed DCT coefficients 
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 are obtained as follows:
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Therefore, the encoder encodes 
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3. Experimental results
In order to estimate the performance of the proposed progressive quantization, implementation has been made in current JSVM software version 1. This proposal is the first work for embedded quantization for improved SNR scalability.
Figure 3 shows comparison between our proposed method and JSVM quantization for the Bus sequence.
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(a)
[image: image31.emf]QCIF, 7.5Hz, Spatial 1st Enhancement Layer
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(c)
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(g)
Figure 3 Comparison between proposed method and JSVM for Bus sequence.

4. Conclusion
In this proposal, we introduced a new quantization method for the SNR enhancement layers. This method computes the quantization intervals and reconstruction values in the sense of R-D optimization. The experiment resulted in the improvement 0~1.4dB for the first SNR enhancement layer, while we did not get gain in higher enhancement layer.
We observed the improvement in only first SNR enhancement layer, but, since our idea is clear, we expect that further development should be able to pass the improvement to higher SNR enhancement layers.
We recommend that our proposal for the SNR scalability should be set to Core Experiment.
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