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1 Introduction

In this contribution a quality scalable mode for ITU-T H.26L is proposed. With this approach we are targeting at video streaming or multicast applications over IP based heterogeneous networks where we have to cope with different receiver capabilities and changing transmission conditions. In such a scenario the bit-stream should be dynamically adapted to the network quality-of-service, i.e. the available bandwidth and the actual packet loss characteristics. This can be achieved by incorporating error resilience tools and different types of scalability, such as temporal, spatial and quality scalability. Since a comprehensive technical solution to this problem is beyond our scope, we propose a quality scalable scheme as an extension of the current test model which may serve as a starting point of the discussion and of further investigations. 

Our approach follows the ideas which have been considered in MPEG-4 fine granular scalability (FGS) [1] where a low-quality base layer is coded using a hybrid predictive loop and where an additional enhancement layer delivers the progressively encoded residue between the reconstructed base layer and the original frame. In our proposed coding scheme, the base layer bit-stream is produced by using the actual H.26L test model. In contrast to the MPEG-4 FGS enhancement layer coding scheme we propose a reordering of the residue in subbands prior to bitplane coding. This enables us to better exploit the remaining intra band correlations by means of context-based arithmetic coding techniques. In addition, by coding a bitplane starting from the DC up to the highest AC band using a global zig-zag scan we can assure a more or less spatially equal distribution of the increase of reconstruction quality.

The remainder of this document is organized as follows: In Section 2, we present the basic structure of our proposed quality scalable mode. In Section 3, we describe in more details the proposed algorithm. Some preliminary simulation results along with a brief discussion are presented in Section 4. The paper concludes with a brief summary in Section 5. 
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Fig. 1: 
Block diagram of the generic quality scalable (QS) coding scheme 
2 Basic structure of the proposed quality scalable (QS) mode 

The basic architecture of our proposed quality scalable (QS) coding mode is shown in Fig. 1. In its generic form it consists of a non-scalable base layer and a quality scalable enhancement layer, which codes the residue between the original and the reconstructed frame either taken in the transform or in the spatial domain. Usually the base layer bitstream corresponds to a minimally acceptable reconstruction quality, and this basic quality can be improved in a fine granular way by truncating the enhancement layer bitstream at (almost) any arbitrary point.

In order to achieve this fine granular scalability feature, it is essential that no interframe relationship is utilized within the enhancement layers. Consequently, coding efficiency is considerably degraded compared to the single-layer, non-scalable approach, since large portions of temporal redundancies can not be exploited.  

The upper part of Fig. 1 shows the generic structure of our proposed enhancement layer coding scheme. Depending on the residue formation we consider to modes of operation: if the residue is taken in the transform domain of a block-based base layer coding scheme (as in the current TML) we propose to reorder the residual coefficients into subbands; if the residue is taken in the spatial domain instead, a more suitable (wavelet) transform might be used to decorrelate the residue. In our currently proposed QS-scheme, however, we only consider the former mode.

The entropy coder of the enhancement layer is essentially a bitplane coder combined with a context-based binary arithmetic coder. Advantage is taken of the reordering into sub​bands by an appropriate context formation and a suitable partitioning of the residual coefficients. In addition, we propose to use several scans for a single bitplane in order to increase the granularity of the resulting bitstream in a rate/distortion optimized sense.

3 Detailed description of the QS coding scheme

3.1 Computation of the residue in the transform domain

Reference points for the residual formation are given by the left (right) boundary point of the quantization interval for positive (negative) coefficients, and the actual residual value is taken between the original coefficient and the reference point. In doing so, we avoid on the one hand coding redundant sign information already contained in the base layer, and on the other hand, it allows us to model the sign information of those coefficients in a more consistent way which become significant during the enhancement layer coding process, i.e. which have been quantized to zero in the base layer.

Before taking the residual value in the way described above, the original (pseudo-) DCT integer transform coefficients are normalized and shifted according to [4], i.e. they are multiplied with a normalization value of A(QP)*B(QP))/(2^20) = (2^20)/(676^2).
In the case of the elimination of a single coefficient in an inter luma macroblock [4], the reference points are set to zero accordingly.

3.2 Reordering of the DCT-transformed residue in subbands of same frequency

After taking residues of all integer transform coefficient of a whole frame, the residual coefficients are reordered. Based on the given 4x4 block based integer transform [4] the residuals are rearranged into 16 corresponding  subbands (Fig. 2). For example, all DC residuals are contained in the upper left subband.
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Fig. 2: 
The spatially local block based representation of the residue is converted into a spatially global subband 
oriented 
representation.
3.3 Embedded coding of the residue

3.3.1 Overview of the coding tools

The main conceptual features of our bitplane coder operating on the residual information can be summarized as follows:

· Distinction between significance and refinement bits

· Context-based arithmetic coding of the binary decisions

· Several passes for each bitplane

For each bit encountered in the bitplane representation of the absolute values of a given residual coefficient, a distinction is made between a significance and refinement bit. Significance bits are those bits indicating whether a given residue has already become significant, i.e. whether its most significant bit (MSB) has already shown up in the base or enhancement layer. Every bit below the MSB is interpreted as a so-called refinement bit (cf. Fig. 3). The information of the current state of the residuals will be managed in a binary significance map (one for each subband), as shown in Fig. 3.  This map represents the currently available significance information of the residual amplitudes.
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By means of the significance map it is possible to exploit the remaining spatial correlations of the significance information within a subband with the instrument of adaptive context-based arithmetic coding. In contrast to significance bits, refinement bits usually show only weak spatial correlations and could be considered as uniformly distributed. The underlying concept of partitioning a representation of transform coefficients into sub-sets with different statistical properties has been successfully employed in both scalable and non-scalable coding approaches [2]

 REF _Ref482589187 \r \h 
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3.3.2 Coding routines

Currently, our proposed method utilizes three different coding routines, which are called several times during the bitplane coding process: 

· significance bit coding: coding of significance bits is performed by using a context which depends on the significance state of the local 8-neighborhood, as depicted in Fig. 4 a).

· sign bit coding: sign bits are coded with a context depending on sign and significance states of the local 4-neighborhood (Fig. 4 b)); this routine is only called, when a residue indicates its significance for the first time. 

· refinement bit coding: refinement bits are coded with one single statistical model.
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For each subband and each component (YUV) different context models are provided, so that all subbands are coded independently from each other. The context of a current bit to encode is represented by an index pointing to the corresponding probability model (table), which serves as the basis of the arithmetic coder.

3.3.3 Several scans within a bitplane

The bitplane coding process is divided into three different scans of each bitplane in order to sort the information with respect to the expected gain in a rate/distortion (R/D) sense, which obviously is not directly related to the spatial position of a given bit within a subband. This method increases the granularity of the bit-stream because more optimal truncation points are generated. In the context of JPEG2000 [2] it is known as the concept of fractional bitplanes.

The first scan operates on non-singular significance information, that means, in this scan only those bits will be coded, which are significance bits and which have at least one significant neighbor. Here, the significance coding routine and, if a MSB is encountered, the sign coding routine are used. In the second scan the refinement bits are coded using the refinement routine.

The third scan finally collects all remaining bits which have not been coded by the two preceding scans. Note, that all bits of the residual coefficients are visited and examined in raster scan order within a given subband. The actual coding, however is performed according to the scan conditions.

3.3.4 Remarks on the current implementation

Before the enhancement coding process is started, the significance maps are initialized with the significance information of the base layer. In addition, the most significant bitplane of each sub​band is detected to avoid coding of zero bitplanes
. 

The processing of subbands is performed in a global zig-zag scan order from DC to the highest AC band within each bitplane. Furthermore, the processing of the components (YUV) is inter​twined.

3.4 Reconstruction of the enhancement DCT-coefficients

The enhancement bit-stream may be truncated so that not all enhancement layer bits are available at the decoder. In the case that no enhancement residue or a partial enhancement residue is available, the coefficients are reconstructed as follows:

If the decoded residue is equal to zero, the reconstruction value is the same as in the base layer. Otherwise, the reconstruction value equals the sum of the reference point (cf. Sec. 3.1) and of the reconstructed residue, where the latter is computed as the sum of decoded residue and of ½ * (1<<decoded_bit_plane).

3.5 Possible extensions and optimizations 

The presented approach offers many opportunities for further extensions and optimizations. A few ideas are as follows:

· In the current implementation there is no zero coding routine to aggregate insignificant bits  into run length, zerotrees, etc. Such a coding instrument is expected to  increase the coding efficiency and to reduce the computational load of the arithmetic coder.

· Context formation needs to be optimized, i.e. the amount of different contexts used for the coding of significance bits may be reduced. An appropriate context design may also be beneficial for coding of refinement bits in higher bit planes.

· Before starting the coding process, an initialization of the probability models associated with the different contexts should be performed by using some empirical distributions (for example, gathered by averaging over several frames and test sequences). In the current implementation the adaptive arithmetic coder starts for each subband with a uniform distribution, which results in high learning costs especially for the highest bitplanes.

· The bitstream ordering caused by the fixed coding order (three scans of each bit plane, zigzag scan of the subbands, etc.) could be replaced by a rate/distortion-based post-processing
. Individual code segments may be rearranged according to their expected R/D gain. This, however, requires the computation of appropriate R/D decision parameters.

· The incorporation of drift prediction needs to be investigated.

4 Results

In this section we present some simulation results obtained by coding experiments under the following test conditions:

Two test sequences have been used: News in CIF-resolution and Foreman in QCIF-resolution both with a frame rate of 10 Hz. The base layer has been coded using TML-2 with the usual settings. In order to obtain a specific base layer target bit-rate, a simple rate control was used, which adjusted the quantization parameter (QP) on a frame level. The base layer bit-rate for Foreman  was 32 kbit/s and for News 128 kbit/s. 

To each of the both sequences an enhancement layer bitstream was generated by using our proposed method. These bitstreams were truncated to simulate five different channel bit-rates. For Foreman we simulated bit-rates of 32, 64, 96,128 and 160 kbits/s, and for News the channel bit-rates were chosen as 128, 256, 384, 512 and 640 kbits/s. The truncation point of the enhancement layer bitstream of each frame was determined by 

Truncation point = (Channel bit-rate – Target base layer bit-rate) / frame-rate.

The following graphs show the results of our experiments.





The figures show that the quality of the base layer luminance is increased by about 1 dB for both test sequences by decoding the first enhancement layer. Using higher enhancement layers lead to an additional gain of 1 dB for every layer. Therefore the proposed QS-coder provides the additional functionality of quality scalability. As a side effect the quality variation over time gets smoother the higher the available enhancement layer bit-rate.
5 Summary

A novel coding approach has been presented which adds the new functionality of fine granular quality scalability to the current TML. This scheme uses the TML as a base layer and new techniques to generate a progressive enhancement bitstream which can be subdivided into different enhancement layer bitstreams. As this subdivision can be done almost everywhere in the bitstream this approach enables the QS encoder to adapt the bitstreams in a video streaming application in a very flexible manner according to the temporally changing conditions of the network. By this means the receiver can be fed with the maximum bitrate available for this connection which on the average leads to better visual quality compared to simulcast transmission. 

For coding the enhancement layers the residue between the original and the dequantized transform coefficients is used and ordered into subbands which are split into bitplanes. For entropy coding of the bitplanes adaptive binary arithmetic coders are utilized. In our first experiments with 128 kbit/s per layer for a CIF-formatted test sequence we have shown that hereby the PSNR can be increased by about 1 dB by every additional decoded enhancement layer added to the base layer.

However, compared to a single-layer coder the coding efficiency of the proposed QS-scheme and all other schemes with comparable functionality known to the authors is not satisfactory. But as there is a need for scalable coding modes for a variety of applications we propose to add a quality scalable mode in H.26L. As a starting point the presented QS-coder can be used or any other available coder providing the same functionality. 

We are currently investigating different methods to increase the coding gain while retaining the functionality of fine granular quality scalability. In addition by allowing a coarser granularity the coding efficiency might be further increasable. Also the combination with other types of scalability might be of interest, such as spatial or temporal scalability. Furthermore, associated error protection schemes for lossy packet networks such as proposed in [5] might be used.
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Binary significance map before coding the state-changing bit of a coefficient





Refreshed binary significance map after coding the state changing bit (and the sign bit); all remaining bits are treated as refinements bits
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Fig. 3:	 Simple example to illustrate the concept of significance maps showing the bitplanes of a single coefficient� (left) and its position in a subband (right).
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Fig. 4:	Illustration of context-based coding of a) significance bits: 8-neighborhood resulting in 2^8= 256 different contexts, b) sign bits: contexts formation by mapping sign and significance states of the vertical and horizontal neighbors on 5 different contexts, exactly like in JPEG-2000 � REF _Ref482589184 \r \h � \* MERGEFORMAT �[2]�.





a)							b)


Fig. 5: 	Coding results for the News-sequence in CIF-resolution at a frame-rate of 10 fps and a base layer bit-rate of 128 kbit/s. a) PSNR for the luminance component (Y) over frame number for the base layer (BL) and the four enhancement layer bit-rates. b) Average coding gain (in PSNR) for the four enhancement layer bit-rates.





a)							b)


Fig. 6: 	Coding results for the Foreman-sequence in QCIF-resolution at a frame-rate of 10 fps and a base layer bit-	rate of 32 kbit/s. a) PSNR for the luminance component (Y) over frame number for the base layer (BL) and 	the four enhancement layer bit-rates. b) Average coding gain (in PSNR) for the four enhancement layer bit-	rates.








� The corresponding side information is included in the header.


� at least as an offline tool for video streaming application





File:q15j24rev4
Page: 1
Date Printed: 5/11/00

_1018261747

_1018261748

