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This document contains a first proposal for Content-Based Coefficient Mapping within Recommendation H.263++ or H.26L. It shall be considered as an input document for discussion with in Q15. 

Abstract
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. 

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 

Mobile communication is playing a more and more important role in our everyday live. With the use of mobile videophones the problem of a fast changing background of less importance is arising. In this proposal, a video source coder is presented that highly improves regional picture quality in such cases.  Furthermore analyzing images before coding and applying this source coder will lead to a substantial decrease in the produced bit rate.

The negotiable H.263/V.2 option called Reduced-Resolution Update mode is kind of a special case of the proposed more general algorithm. This mode was designed to maintain the frame rate when encoding a highly active scene, but not to improve the quality and coding efficiency of every single picture in this scene. We have observed that instead of reducing the resolution of the pictures at hole an architecture which “subsamples” only specific regions of the picture leads to better results by a minor complexity.

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 most expensive occurrences to code are occlusions. In communication relevant areas INTRA mode should be applied to maintain the quality. In the background coding of all of the 64 coefficients increases the bit rate dramatically and rather unnecessary and useless.

As a possible solution subsampling may emerge. This would increase the complexity of en- and decoder by an immense factor.  The aim of our proposal is to maintain the prime structures 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 an 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.

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(figure 1 a-c). Usage of an optimized DCT only generating the necessary coefficients is recommended and leads to an further decrease in complexity for this cases.
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figure 1c

2.2 Scan Method

As an effective way to scan these patterns we identified a zero tree scan(figure 2). 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.


figure 2

In figure 2 an example of the scan is shown for a 4x4 coefficients area. One can simply extend it to every other needed area size by following the given pattern.

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 VLC Table

see Appendix A

3.  
Decoder

For decoding purposes one needs to know which coefficient pattern is used. Then the decoding starts with the DC coefficient. Next will be the AC coefficients in the diagonal appendant to the DC coefficient. After finishing this branch, the upper half of the coefficient area will be decoded starting with the next AC coefficient on the right side of the DC coefficient and the appendant diagonal. This processing will go on further till there is no branch left in the upper half. Now the decoding of the lower half of the coefficient area starts with the AC coefficient positioned right under the DC coefficient and the appendant diagonal. The end is reached if there is no branch left for decoding in the lower half.

4. 
Syntax
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
5. 
Encoder

The are no architectural changes for a typical video coder(H.263). 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.

6. 
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.

7. 
Experimental Results   

In this section the results for the proposed approach are normally demonstrated. The PSNR(bit rate) graph however, is not a suitable representation for the reached picture quality and hence says little about the usefulness of our approach. Since our approach is a form of subsampling a significant loss in PSNR occurs whereas it is often not even visible. The foreground quality is comparable to the conventional approach because the normal zigzag scan pattern at the full coefficient matrix was used.

 In order to emphasis the approach’s value in mobile communication applications the sequence  “Carphone” was chosen as a suitable example.

 We will present an impressive demonstration of the enhanced communication properties at the meeting.

We have got our results with the UBC-3.2.0 codec. All simulations are performed with quantizer 10 for the first INTRA picture. For INTER pictures the quantizer is varied over the full range. To make use of a wider range of the motion compensation possibilities we switched on the Unrestricted Motion Vector mode. We used two additionally bits in the macroblock header to signal the Content-Based Coefficient Mapping is used. This should be considered as worst case scenario.

8. 
Conclusions

Content-Based Coefficient Mapping demonstrates significant gains when comparing to conventional approaches. Especially for mobile communication it is well suitable. 

Embedded in the well-known H.263 architecture, Content-Based Coefficient Mapping uses low complexity techniques to achieve its bit rate savings. Broadening the possibilities for compression ratio, rate control, and bit allocation, Content-Based Coefficient Mapping adapts the coding performance to the picture content.

9. 
Outlook

We are examining adaptive sized coefficient pattern and different tree scans. Furthermore we are working towards improved overall error robustness with structured coefficient coding. Additionally we examine the impact of Content-Based Coefficient Mapping at other coding possibilities.  
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Appendix A

Level  Code

------------------------------------------

  0    0

  1    1 1

  2    1 0 0

  3    1 0 1 0

  4    1 0 1 1 1 1

  5    1 0 1 1 0 1

  6    1 0 1 1 1 0 0

  7    1 0 1 1 0 0 0

  8    1 0 1 1 1 0 1 0

  9    1 0 1 1 1 0 1 1 1

 10    1 0 1 1 0 0 1 1 1

 11    1 0 1 1 0 0 1 0 0

 12    1 0 1 1 1 0 1 1 0 0

 13    1 0 1 1 0 0 1 0 1 1

 14    1 0 1 1 1 0 1 1 0 1 1

 15    1 0 1 1 0 0 1 1 0 0 0

 16    1 0 1 1 0 0 1 1 0 1 0

 17    1 0 1 1 0 0 1 0 1 0 0

 18    1 0 1 1 1 0 1 1 0 1 0 0

 19    1 0 1 1 0 0 1 1 0 1 1 1

 20    1 0 1 1 0 0 1 1 0 0 1 0

 21    1 0 1 1 0 0 1 0 1 0 1 0

 22    1 0 1 1 0 0 1 1 0 1 1 0 1

 23    1 0 1 1 0 0 1 1 0 0 1 1 0

 24    1 0 1 1 0 0 1 0 1 0 1 1 0

 25    1 0 1 1 1 0 1 1 0 1 0 1 1 1

 26    1 0 1 1 1 0 1 1 0 1 0 1 1 0

 27    1 0 1 1 0 0 1 1 0 1 1 0 0 0

 28    1 0 1 1 0 0 1 1 0 0 1 1 1 1

 29    1 0 1 1 0 0 1 0 1 0 1 1 1 1

 30    1 0 1 1 0 0 1 1 0 1 1 0 0 1 1

 31    1 0 1 1 1 0 1 1 0 1 0 1 0 0 0

 32    1 0 1 1 1 0 1 1 0 1 0 1 0 1 0

 33    1 0 1 1 0 0 1 0 1 0 1 1 1 0 0

 34    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 1

 35    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 1

 36    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 1

 37    1 0 1 1 0 0 1 1 0 1 1 0 0 1 0 0

 38    1 0 1 1 0 0 1 1 0 0 1 1 1 0 0 0

 39    1 0 1 1 0 0 1 0 1 0 1 1 1 0 1 0

 40    1 0 1 1 0 0 1 1 0 0 1 1 1 0 0 1

 41    1 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 1

 42    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 1

 43    1 0 1 1 0 0 1 0 1 0 1 1 1 0 1 1 0

 44    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 0

 45    1 0 1 1 0 0 1 0 1 0 1 1 1 0 1 1 1

 46    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 0 0

 47    1 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 0 0

 48    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 1

 49    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 0 0

 50    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 0 1 0

 51    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 0 1 1

 52    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 0 1 1

 53    1 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 0 1 0

 54    1 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 0 1 1

 55    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 0

 56    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 0 0 0

 57    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 1

 58    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 0 0 1

 59    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 1

 60    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 0 1 0

 61    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 0 1 0 0

 62    1 0 1 1 0 0 1 1 0 0 1 1 1 0 1 0 0 1 0 1

 63    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 1

 64    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 0

 65    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 0 1

 66    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0

 67    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 0 1 1

 68    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 0 0

 69    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 0 1

 70    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 1 0

 71    1 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1 1 1 1

 72    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0

 73    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 0 1

 74    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 1 0

 75    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 0 1 1

 76    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 0

 77    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 1

 78    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 1 0

 79    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 1 1

 80    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0

 81    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 0 1 0

 82    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 0 1 1

 83    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 1 0 0

 84    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 1 0 1

 85    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 1 1 0

 86    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 1 1 1

 87    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 0 0 0

 88    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 0 0 1

 89    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 0 1 0

 90    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 0 1 1

 91    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0

 92    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 0 1

 93    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 1 0

 94    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 0 1 1 1

 95    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 0 0

 96    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 0 1

 97    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 0 0 1

 98    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 1 0

 99    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 1 1

100    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0

101    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 1 0 1

102    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 1 1 0

103    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 1 1 1

104    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 0 0 0

105    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 0 0 1

106    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 0 1 0

107    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 0 1 1

108    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 1 0 0

109    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1

110    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 1 1 0

111    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 0 1 1 1

112    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 0 0 0

113    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 0 0 1

114    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 0 1 0

115    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 0 1 1

116    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 1 0 0

117    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 1 0 1

118    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 1 1 0

119    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 1 1 1 1 1 1

120    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1

121    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 0 1 0

122    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 0 1 1

123    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0

124    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 0 1

125    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 1 0

126    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 0 1 1 1

127    1 0 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 0 1 0 0 0 1 1 0 0 0
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