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Summary
Our proposal to improve the efficiency of encoding video sequences is to adapt the resolution in the frequency domain to the content of the picture on a macroblock basis. Content-based Coefficient Mapping is incorporated into an H.263-based video codec. Simulation results are demonstrating the efficiency of the proposed approach.

Every structure in the picture has its representative in the DCT domain. If this structure is in the background of the picture its importance for communication is small. Maintaining only the cardinal coefficients (depending of the structure) saves bits, which can be better used for communication relevant areas.

1. Introduction

This document is a successor of our proposal presented at the SG 16 meeting in Santiago (ftp://standard.pictel.com/video-site/9905_San/prop_contbasecoeffmap.doc). Here we present simulation results for objective comparisons. A D1 presentation is prepared for subjective comparisons as well.

We followed the guidelines of document Q 15-C-47 as much as possible.  The reasons for deviations are in the concept of our proposal. Our intention is mobile communication. Hence only the sequence “carphone” is suitable. Furthermore the usual presentation of rate distortion curves doesn’t match the idea of communication relevant areas.

2. Content-based Coefficient Mapping

In our proposal to improve the efficiency of motion compensated hybrid coding we extend the possibilities of coding macroblocks with image content related modes.

The aim of our proposal is to maintain the prime structures in the background of the image by reducing the necessary bit rate to code affected macroblocks.  

Using the DCT the energy of specific structures within the image are concentrated in specific coefficients. We make use of it by reducing the range of allowed DCT coefficients for coding. Furthermore we are using a special scan method with a new VLC table where only the LEVEL information is included.

The usage of this new patterns should be signaled as side information to the decoder.

The are no architectural changes for a typical video codec(H.263/V.1,2). The decision to use one of these new modes can be made before starting coding the picture by analysis tools or during encoding by using gradient techniques (motion estimation) and other data provided by the coding process.

2.1.  Coefficient Patterns
To map the most important image structures we have identified three main patterns. These coefficient patterns are subsets of the usual 64 coefficients produced by the DCT. For example for vertical structures in the picture(e.g. a fence) we are using only an 5(3 area of coefficients starting in the upper left corner of the coefficient matrix.

2.2.  Scanning

As an effective way to scan these patterns we identified a zero tree scan. If the actual value of an AC coefficient is identical zero every subsequent coefficient in the affected branch will be set to zero and not coded at all.

With this scan method we make use of the in advance knowledge of the allowed DCT coefficient area. Scanning is performed until the maximum allowed branch length or an “null” coefficient is reached. An explicit terminator is not needed.

2.3.  Syntax
Content-based Coefficient Mapping requires a small syntax extension. The decoder has to apply the appropriate reverse scan. 

An extension of the macroblock coded block pattern by maximally two bits may be used to signal the usage of the coefficient pattern. Alternatively an additional header field may be used (table 1).

00
full area,            zigzag scan

01
horizontal area, tree scan

10
vertical area,     tree scan

11
diagonal area,   tree scan

table 1
2.4.  Rate control

Opening a wider range of  possibilities to influence the encoder output using the proposed approach leads to a better match of the channel rate. High quality areas important for communication can be maintained whereas other structures in the picture or fast changing background areas will be coded with only a few bits compared to todays concepts.

3. Experimental Results

The main focus for future applications are video codecs for mobile communication. Separating the communication relevant areas such as face, hands, ... from the background and determining the rate distortion curve shows surprisingly a better quality for the background.

With the proposed approach we are turning this disproportion into the expected order. By intentionally decreasing the quality of the background(bg) we get a much better foreground(fg) quality. This is visible mostly in a much sharper foreground. Whereas the quality of the background seems unchanged.

We have got our results with the UBC H.263+/V.0.2 software. All simulations are performed with quantizer 10 for the first INTRA picture. 

We used two additionally bits in the macroblock header to signal Content-based Coefficient Mapping(CCM) is used. This should be considered as worst case scenario. To be as close as possible to a real communication scenario we have chosen the sequence “carphone” at CIF resolution. There we have got a speaking person and a fast changing background(at least partly). 

The chosen frame skip is one and the quantizer for INTER pictures is varied over values as follows: 3, 5, 7, 10, 15, 25.

For objective comparisons, parameterized rate distortion curves are plotted with the corresponding tables given as well.
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_994677883.xls
anchor_ccm_J

				Anchor,J						CCM,J

		QP		Rate		Foreground		Background		Rate		Foreground		Background

				[kbit/s]		[dB]		[dB]		[kbit/s]		[dB]		[dB]

		3		1119.93		39.13		39.74		648.11		39.11		31.88

		5		635.07		36.49		37.07		396.67		36.47		31.4

		7		428.71		34.79		35.25		285.21		34.74		30.94

		10		283.77		33.13		33.44		205.36		33.1		30.39

		15		174.01		31.22		31.38		144.81		31.19		29.55

		25		108.61		29.25		29.28		106.02		29.22		28.51






_994677917.xls
anchor_ccm_F

				Anchor, F						CCM, F

		QP		Rate		Foreground		Background		Rate		Foreground		Background

				[kbit/s]		[dB]		[dB]		[kbit/s]		[dB]		[dB]

		3		1111.94		39.1		39.72		645.22		39.08		31.71

		5		631.25		36.43		37.04		397.24		36.43		31.22

		7		427.27		34.74		35.21		286.76		34.7		30.79

		10		284.41		33.09		33.4		207.68		33.06		30.22

		15		176.6		31.19		31.3		147.92		31.15		29.45

		25		110.69		29.27		29.2		108.33		29.22		28.41






_994677990.xls
anchor_ccm_IJST

				Anchor,IJST						CCM,IJST

		QP		Rate		Foreground		Background		Rate		Foreground		Background

				[kbit/s]		[dB]		[dB]		[kbit/s]		[dB]		[dB]

		3		1112.09		39.13		39.73		629.12		39.11		31.87

		5		641.08		36.49		37.1		396.41		36.47		31.39

		7		448.35		34.78		35.29		297.33		34.76		30.96

		10		298.05		33.13		33.54		216.42		33.11		30.4

		15		185.58		31.23		31.45		154.79		31.19		29.63

		25		113.92		29.24		29.32		111.37		29.24		28.57






_994677626.xls
anchor_ccm

				Anchor						CCM

		QP		Rate		Foreground		Background		Rate		Foreground		Background

				[kbit/s]		[dB]		[dB]		[kbit/s]		[dB]		[dB]

		3		1144.14		39.06		39.65		635.93		39.04		31.46

		5		645.31		36.35		36.92		384.09		36.32		30.99

		7		432.72		34.6		35.06		275.68		34.57		30.54

		10		282.58		32.9		33.23		196.1		32.89		30.03

		15		166.63		30.94		31.15		133.82		30.9		29.27

		25		95.44		28.9		29.04		92.31		28.89		28.26






