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1 Introduction

The current TML for H.26L applies an integer block transform of fixed size 4x4 pixels for transform coding of the prediction error. 

In this paper, we want to introduce an extension to the transform coding concept of the TML. The basic idea is to connect the block size of the transform with the block size used for motion compensation. This leads to higher energy compaction as well as to longer runs of zeros of transformed and quantized prediction error. Although the idea is at a very early stage, we find it worth publishing, since it shows very promising first results.

2 Adaptive Block Transforms (ABT)
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Figure 1: Tiling of a macro block in TML 2.0

In the test model, a macro block can be divided into several subblocks for motion compensation. There are 7 different subblock sizes defined in TML3, see Figure 1. Besides the quadratic subblocks, 4 types of rectangular blocks are defined.

The current TML applies the Telenor 4x4 integer approximation of the DCT to the prediction error. Since 4 is the common of all block sizes, this transform can be used without regard to the block sizes of the motion compensation. However, the support of the 4x4 transform is small which might be disadvantageous for energy compaction of the prediction error.

We propose to employ transforms with block sizes adapted to the block sizes used for motion compensation. Block transforms of size 4x4, 8x8, and 16x16 can be applied. For rectangular blocks, the transforms in horizontal and vertical direction have different sizes. E.g.

Cn,m = Tv x Bn,m x Th,

where n x m is the size of block B and Tv and Th are the transform matrices of size m x m (vertical) and n x n (horizontal), respectively.

Since the size of the transform is connected with the block sizes of the motion compensation, no side information about the transform block size has to be transmitted to the decoder.

2.1 Motion Estimation

In the TML, the SATD is employed for finding the best motion vectors and motion accuracy. For calculation of the SATD the 4x4 Hadamard transform is applied. If the size of the transform is connected to the size of the motion compensation, the error criterion used for motion estimation has to be adjusted to the properties of the subsequent transfom.

2.2 Quantization

If orthonormal transforms of varying size are applied to the prediction error, all transform coefficients can be quantized using the same quantization parameter. For these transforms the distortion introduced through such a ‘constant’ quantizer is the same for all block sizes. 

In case of non-normalized transforms, the quantizer step size for each transform block size has to be adjusted. If ch and cv are the norms of the horizontal and the vertical transform, respectively, the apropriate scalar qp is given by 

qp app = sqrt(ch x cv)  x qp.

2.3 Integer Transforms versus ‘float-DCT’

The advantage of employing integer transforms is that the IDCT mismatch problem does not occur. On the other hand, finding integer approximations of the DCT with small coefficients may be difficult. In the well known case of ‘float-DCT’ the quantization is straight forward, while for integer filters quantizer tables have to be designed that map the default quantizer to the appropriate block quantizers.

For higher block sizes the integer transforms may have high norm that may affect the applicability on machines with 32 bit precision.

3 Results

In Figures 2-4, some preliminary rate/distortion results for the QCIF sequences FOREMAN, NEWS, and SILENT are shown. The float DCT was used as the block transform for the proposed ABT. The integer TML 4x4 transform was used in the reference coder. This transform approximates the 4x4 DCT very well.

In these pre-experiments the first-order entropy was used for rate estimation of the transform coefficients. The entropy was applied on macroblock basis in all cases (ABT and reference coder). The side information (MB_type, MACC, MVs,...) was real coded.

As can be seen in the figures, the proposed ABT outperforms the base line TML by up to about 1.5 dB (SILENT @ est. 35 kbit/s).  Since the entropy is a very conservative estimator when compared to the real coding results of th TML, one can expect even higher performance gains when exploiting the properties of the higher block sizes.

4 Conclusions

Adaptive block transforms are proposed for transform coding of the prediction error in H.26L. The size of the transform is connected with the size of the blocks used for motion compensation, therefore no additional side information has to be transmitted.

The implementation of the proposed scheme is at a early stage. Nevertheless, the given results are very promising. We are currently working on implementation issues of ABT.



Figure 2: Entropy based results for FOREMAN QCIF. (() TML 4x4, (() TML ABT.



Figure 3: Entropy based results for NEWS QCIF. (() TML 4x4, (() TML ABT.



Figure 4: Entropy based results for SILENT QCIF. (() TML 4x4, (() TML ABT.
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