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Summary

Adaptive Block Transform (ABT) coding for JVT has been proposed as a method which can improve coding performance for interlaced and high resolution video.  In [JVT-B053], “traditional” zigzag scans are used to convert two-dimensional coefficient data into one-dimensional data.  This report looks at the use of alternate coefficient scanning patterns for interlaced material in order to improve the ABT coding efficiency.  Preliminary results with alternate scanning patterns have shown bitrate savings of up to about 8%. 

1 Introduction

The effectiveness of an entropy coding scheme generally depends on how well the codewords are matched to the statistics of the data.  Since typical video data tends to have significant low frequency content, intra and inter coefficient data tends to have coefficient energy concentrated in lower frequencies.  When the coefficients are scanned for run-length coding, it is well known that by first scanning together these high-energy low frequency coefficients, long run-lengths can be avoided, thereby allowing more efficient coding of the data.

Zig-zag scans, such as those used in [JVT-B053], have this particular scanning property.  For square blocksizes, this “traditional” scan goes through the two-dimensional array without any significant bias towards the horizontal or vertical frequency directions.

Although these “unbiased” scans may be appropriate for progressive material, other scanning patterns may be more suitable for interlaced material.  For example, in [JVT-B068] an alternate 4x4 blocksize scan is proposed for interlaced material which shows compression gains for high motion content.  MPEG-2 and MPEG-4 also provide for alternate scans which can improve interlaced performance.

2 Alternate Scanning Patterns for Interlaced Video

When a frame (or macroblock) is coded in field mode, the field data may be considered as a vertically subsampled version from an otherwise progressively scanned frame.  As a consequence, the vertical frequency axis (frequencies in the vertical direction) would be scaled by a factor of two relative to the progressive case, with of course the addition of possible aliasing.  Because of the vertical frequency scaling, it might be argued that for interlaced material, the scanning of coefficients should be somewhat biased in the vertical direction in order to capture more of the non-zero low frequency components.

Experimental results appear to be consistent with this notion.  Simulations with an ABT codec described in [JVT-B053] have shown a distribution of non-zero coefficients skewed in the vertical direction for interlaced material.  From these results, a set of alternate scanning patterns were developed for interlaced material.  We focused on ABT coding only for blocksizes of 4x4, 4x8, 8x4, and 8x8.  Since our data was also consistent with a 4x4 blocksize scan described in [JVT-B068], we used the same 4x4 alternate scan as used there.  That scanning pattern, along with the 4x8, 8x4, and 8x8 alternate scans developed here, are shown below.
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3 Experimental Results

Simulations were performed using an ABT codec described in [JVT-B053] based on TML9.  The baseline ABT software codec was provided by Mathias Wien.  Interlaced test material was used with field-based encoding under the following conditions:

	Picture Structure (field-based)
	IP PP PP PP

IP BB BB PP BB BB

	Quantization Parameters
	16, 20, 24, 28 [QP(B) = QP(I/P)+2]

	RD Optimization
	On

	Motion Resolution
	¼ pel

	Search Range
	16 pixels

	Hadamard
	On

	Entropy Coding
	CABAC

	Reference Frames
	2

	ABT Encoding
	Intra and Inter


Common encoding conditions

Two sets of scanning patterns were used for the 4x4, 4x8, 8x4, and 8x8 blocksizes.  The first set consisted of the reference patterns described in [JVT-B053], and the second set was composed of the alternate scanning patterns described earlier.  These were used in encoding the following interlaced test sequences:

	Sequence Name
	Frame Size
	# Frames

	Bus
	720x480
	150

	Football
	720x480
	260

	Tempete
	720x480
	260

	Canoa
	720x576
	220

	Rugby
	720x576
	220

	F1car
	720x576
	220


Interlaced test sequences

The results of the simulations are shown in the following four figures.  In these figures, the bitrate savings by using the alternate scans is plotted vs. the corresponding bitrate using the reference scans.  For any given comparison, both reference scan and alternate scan cases had essentially the same PSNRs. 
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These results show savings over a wide range of bitrates by using the alternate scans over the reference scans for interlaced material.

Table 1 shows the average bit rate saving in % calculated by using the SW provided by Real Network (Bjontegaard Delta bitrate saving in % [3]).

Table 1. Bit Rate savings (%) by using alternate scanning over zigzag scanning
	
	Bus
	Football
	Tempete
	Canoa
	Rugby
	F1car

	IPPPPP…
	4.08
	5.90
	3.18
	7.39
	6.00
	6.23

	IBBPBB...
	4.50
	5.89
	3.19
	8.39
	6.28
	6.90


4 Further Remarks

Although the results in this report were based on an ABT TML9 version, it is expected that comparable performance will be obtained for interlace material even with more recent versions.  One might argue that the effect of alternate scans might be less pronounced at very low or high bitrates.  Nevertheless, experimental results have shown some non-trivial bitrate savings over a wide range of bitrates.  There is some additional memory required in storing the additional alternate scanning patterns at both the encoder and decoder, but there is no significant added complexity.
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