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Introduction

Interlaced coding was proposed for H.26L at the September 2001 meeting in Santa Barbara. In the output document VCEG-N85, a core experiment was set up to evaluate several techniques for interlaced coding for H.26L. These techniques include frame based coding (ignoring the interlaced structure of the source as a reference), macroblock based indication of frame-based or field-based coding (Inter-MFFA), and a Ref-for-each-MV technique, which allows for signaling the appropriate reference frame or field separately for each motion vector.

Here, we propose another possibility of interlaced coding with H.26L, that combines field and frame based coding. While the motion compensation remains unchanged, update coding is performed on a field basis. In doing so, the motion is efficiently coded using the techniques already incorporated into the TML. Since frame based transform coding of an interlaced signal might introduce artificial high frequency signal components into the prediction error, the update could be efficiently encoded on a field basis. The proposal is to have frame-based motion compensation and Field Transform Coding (FTC) for the update.

At this early stage, the proposed technique is employed for the luma component of motion compensated inter macroblocks only. 

The performance of the interlaced coding scheme can be increased by the proposed technique. Especially, in combination with the concept of Adaptive Block Transforms, a remarkable gain of 10% bitrate savings or 0.5dB PSNR gain on average can be achieved.

Field Transform Coding

Only few changes have to be incorporated into the existing TML scheme in order to apply the field transform coding (FTC) for update encoding. For motion estimation the calculation of the cost criterion has to be revisited. For encoding the update, the prediction error has to be reassembled according to the field structure of the video material. The de-quantized coefficients are interleaved again for reconstruction of the decoded signal.

For encoding, the prediction error is de-interleaved into top and bottom field. This reordering is carried out on a macroblock basis. The proper handling of the subblocks of the prediction error is provided by a remapping of the macroblock modes for encoding of the prediction error. The reordering of the macroblock is depicted in Figure 1. The remapping for encoding of the prediction error is given in Table 1. Some frame based macroblock modes lead to transform blocks in the fields that contain boundaries of two MC blocks (e.g. frame 4x4 blocks). Therefore some of the TML macroblock modes are excluded for interlaced coding. The motion vectors are coded according to the TML macroblock mode, While the prediction error is coded according to the mapped mode.

[image: image1.wmf]Tabel 1 : Mapping of the TML motion compensation macroblock modes to the new field macroblock modes used for interlaced transform coding of the prediction error.
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Motion Estimation

In the TML, the SATD is used as a cost criterion for motion estimation. The SATD simulates the effect of the succeeding transform coding stage and generally gives an improved performance for motion estimation. 

The field structure of the macroblock has to be taken into account for SATD calculation. The smallest block size used for motion compensation is 4x8 pixels. I.e., the SATD can be calculated on two interleaved 4x4 blocks. The other block sizes are aggregations of frame 4x8 blocks and can be are treated accordingly.

Transform Coding

For transform coding, the full macroblock is reordered as depicted in Figure 1. Then, the mapped macroblock modes for prediction error coding are applied to the prediction error signal. The prediction error is transform coded using the TML 4x4 transform. The CBP is applied to the de-interleaved macroblock.

Application of Adaptive Block Transforms

The concept of Adaptive Block Transforms (ABT) can easily be incorporated into the proposed technique. For frame based inter coding with ABT, the transform block size is connected to the block size used for motion compensation. Here, the interlaced macroblock mode mapping an the reordering of the coefficients before transform coding which were introduced for the 'TML case' in the paragraph above are used as well. 

For ABT, macroblock mode 2 is additionally excluded from the set of possible macroblock modes to avoid encoding of 16x4 blocks. The macroblock mode mapping for ABT is given in Table 2 below:

Tabel 2 : Mapping of the motion compensation macroblock modes to the new modes used for  ABT transform coding of the prediction error. 
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Simulation Results

The proposed technique was integrated into the TML-8.0 software. In this preliminary test, FTC was employed only for the luma component of motion compensated macroblocks. Three different settings were evaluated. As proposed in [VCEG-N85], the non-modified TML coder was used as a reference:

TML 
: the original frame based TML-8.0 coder

TML-IL
: FTC with the TML 4x4 transform

ABT-IL
: FTC with Adaptive Block Transforms 

The VQEG test sequences Canoa Valesia (src5), F1 Car (src6), Rugby (src9), and Football  (src19) were used in the experiments. The original CbYCrY 422 sequences were converted to YCbCr 420 using Peter Borgwards conversion tool 422_to_420_fullres.

The following settings were used throughout the experiments. The restrictions on search range motion resolution etc were imposed to reduce the simulation time. 

	MV resolution
	¼ pel

	UseHadamard
	ON

	Reference Frames
	3

	Search Range
	16

	Symbol Mode
	CABAC

	Restrict Search Range
	2

	RD optimization
	ON

	QP
	16,20,24,28

	Frame Rate
	30Hz

	Frame Structure
	IPPP…


Table 3 gives the difference in terms of rate and PSNR as calculated using the Bjontegaard measurement method [VCEG-M33]. Both, TML-IL and ABT-IL are compared to the performance of the original TML coder. The corresponding RD plots are given in the Appendix.

	Test Sequences
	ABT-IL average % 
bit savings (avsnr)
	ABT-IL average dB
PSNR gain (avsnr)
	TML-IL average % 
bit savings (avsnr)
	TML-IL average dB
PSNR gain (avsnr)

	Canoa SRC5
	8.80
	0.326
	-1.91
	-0.068

	F1 Car SRC6
	8.49
	0.370
	-1.04
	-0.047

	Rugby SRC9
	12.01
	0.605
	3.56
	0.167

	Football SRC19
	13.92
	0.634
	3.74
	0.159

	average 
	10.81
	0.48
	1.09
	0.05


Table 1: Objective comparison between the two interlaced proposals and TML intra coding.

Discussion

The RD results reveal a comparable performance of TML and TML-IL. On some sequences, FTC results in a gain, on some sequences, there is a slight drop in terms of RD performance. Combining FTC with ABT leads to a largely improved performance resulting in rate savings of about 10% on average or an increased PSNR of almost 0.5 dB.

Conclusion

The concept of Field Transform Coding for update coding of frame motion compensated video was presented. FTC facilitates interlaced video coding without increasing the number of transmitted motion vectors. Preliminary results show a partially very promising performance, especially in combination with ABT coding of the update. 

We propose to incorporate FTC into the upcoming Interlaced Core Experiments and to evaluate further application of ABT for field based coding. Additionally, Intra FTC has to be addressed.
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Appendix – Rate/Distortion Plots
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Figure 1  Reordering of the pixels of a 16x16 macroblock from frame into field structure. The subblock tiling of the current macroblock mode is applied at the transform stage.
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