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Introduction





In the last two Q15 meetings we presented an Adaptive Quantization Scheme for H.263++ (documents q15a49 and q15b42). The adaptive quantization scheme was presented in detail and results of the performance of this scheme were shown on several sequences. In Sunriver we presented a D-1 tape demo. The results were well received. In this document we describe in detail how this adaptive quantization scheme can be adopted in H.263+ framework with minimal syntactical changes. 





Adaptive Quantization in H.263+ framework





The adaptive quantization scheme can be added to H.263+ with minimal changes in the syntax. This scheme adds a coding efficiency gain (increase in frame rate for the same quality of coding and at the same bitrate, or increase in quality and decrease in bitrate for the same frame rate and fixed quantization step size) to the H.263+ codec. In H.263+ there already exist two Annexes (Annex I: Advanced Intra coding and Annex T: Modified Quantization) which address two different issues related to the quantization of coefficients. Advanced Intra Coding improves the quantization of Intra Macroblocks when this option is on, and Modified Quantization Annex which allows for changing the DQUANT field for rate control, allowing smaller quantization step size for chrominance, and allowing changing the quantized reconstruction levels to improve the detectability of errors. The adaptive quantization scheme discussed here improves the overall performance even further and can be used in conjunction with the above two schemes. It is applicable to both INTRA and INTER macroblocks.





Additional Syntax for Adaptive Quantization Scheme





Adaptive Quantization scheme that we propose utilizes a set of multiple quantizers (distinct set of reconstruction levels) which can be changed on a macroblock basis. To include this adaptive quantization mode as an option in H.263+ one bit must be added to the PLUSPTYPE field of the picture header. When we are using this mode, both INTRA as well as INTER macroblocks will be quantized using the set of multiple quantizers. The only exception will be when Advanced Intra Coding mode is on and we are dealing with an INTRA macroblock. Since advanced intra coding is meant to do efficient quantization of INTRA macroblocks, there is no need to use adaptive quantization in this case. 





In the adaptive quantization scheme we allow a set of quantizers (15 overall) which are defined by their reconstruction levels. The lowest two non-zero reconstruction levels are different in all 15 quantizers.  By having multiple reconstruction levels for lowest two non-zero levels we can do a very efficient quantization in the region where most of the input levels lie. The different quantizers are given by R_{I}, I = 0, 1, 2, …, 14. The reconstruction levels of  different quantizers for quantization step size QP are given by:





|R_{0}| = {0, (3*QP-�symbol 97 \f "Symbol" \s 12�a�), (5*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{1}| = {0, (3*QP-�symbol 97 \f "Symbol" \s 12�a�), (6*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{2}| = {0, (3*QP-�symbol 97 \f "Symbol" \s 12�a�), (4*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{3}| = {0, (2*QP-�symbol 97 \f "Symbol" \s 12�a�), (6*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{4}| = {0, (2*QP-�symbol 97 \f "Symbol" \s 12�a�), (5*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{5}| = {0, (2*QP-�symbol 97 \f "Symbol" \s 12�a�), (4*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{6}| = {0, (2*QP-�symbol 97 \f "Symbol" \s 12�a�), (3*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{7}| = {0, (4*QP-�symbol 97 \f "Symbol" \s 12�a�), (6*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{8}| = {0, (4*QP-�symbol 97 \f "Symbol" \s 12�a�), (5*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{9}| = {0, (1*QP-�symbol 97 \f "Symbol" \s 12�a�), (6*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{10}| = {0, (1*QP-�symbol 97 \f "Symbol" \s 12�a�), (5*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{11}| = {0, (1*QP-�symbol 97 \f "Symbol" \s 12�a�), (4*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{12}| = {0, (1*QP-�symbol 97 \f "Symbol" \s 12�a�), (3*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{13}| = {0, (1*QP-�symbol 97 \f "Symbol" \s 12�a�), (2*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)}


|R_{14}| = {0, (5*QP-�symbol 97 \f "Symbol" \s 12�a�), (6*QP-�symbol 97 \f "Symbol" \s 12�a�), (7*QP-�symbol 97 \f "Symbol" \s 12�a�), …..,(255*QP-�symbol 97 \f "Symbol" \s 12�a�)},





where �symbol 97 \f "Symbol" \s 12�a��symbol 61 \f "Symbol" \s 12�=�1 if QP is even or �symbol 97 \f "Symbol" \s 12�a�=0 if QP is odd.





For each macroblock a fixed length code of 4 bits is transmitted to indicate which of the 15 quantizer R_{I} is being used for decoding of the macroblock. When Adaptive Quantization scheme is being used the coefficient coding is done in the same way as in original H.263 quantization. However, a new 3-D VLC table is used for Adaptive Quantization Entropy Coding of (Level, Run, Last). 





For decoding of a macroblock the first step consists of determining the quantizer R_{I} being used by decoding the 4 bit fixed length code. Once the quantizer is determined, the reconstructions levels are obtained from the Levels as follows:





For INTRA DC case:  Rec = Level*8;


For all other cases: 	|Rec| = R_{I}[|Level|], Level =0,1,..127;


where R_{I}[.] is the array of alphabets for quantizer R_{I}, and |Level|, the magnitude of Level, is the index to that array. 


The actual reconstruction level is given by: Rec = |Rec|* sign(Level).





Level is obtained by decoding the corresponding 3-D VLC code for (Level, Run, Last). The 3-D VLC table is designed for combinations of (Level, Run, Last)  by an off-line training procedure. During training the adaptive quantization scheme is used and the probability of occurrance of each event (Level, Run, Last) is calculated. This probability is then used to generate the 3-D tables. 





Summarizing, the following changes are required to adopt the Adaptive Quantization Scheme as a separate Annex  into the syntax of H.263+:





One bit in PLUSPTYPE field of the picture header to indicate whether this scheme is being used or not. If it is being used, we follow the steps of decoding as described earlier in this document.


A 4 bit fixed length code in the Macroblock header to indicate which of the 15 quantizers R_{I} is being used.


Using the new 3-D VLC table to decode the Event (Level, Run, Last) for each macroblock, and then using the reconstruction equations as described earlier.
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