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�
Introduction


This document describes a test model near-term (TMN) encoder which is meant to serve as a basis for implementing experiments for H.263+ development. This test model is based on an encoder that generates an H.263 bit stream as specified in ITU-T Recommendation H.263: “Video Coding for Low Bitrate Communication”, dated December 5, 1995 which is currently available on the H324 ftp site. The document can be retrieved by anonymous ftp to:


FTP Site: ftp.std.com	File: /vendors/PictureTel/h324/h263.doc





The coding method is a hybrid DPCM/transform algorithm, using the macro blocks concept, DCT, motion estimation/compensation, runlength coding, VLC and FLC coding.





The TMN encoder is that which is implied as the encoder which produces a bit stream as specified by ITU-T Recommendation H.263 and can be decoded by an H.263 compliant decoder. Only specific encoder parameters or changes to the encoder algorithm which are not unambiguously implied by Recommendation H.263 are described below. Hence, this document refers heavily to H.263 and information supplied there is not repeated here.





There are several modes of operation permitted by an H.263 compliant encoder as defined by negotiable options. For this test model, however, the only options included are Advanced Prediction and Unrestricted Motion Vectors (Annexes D & F of ITU-T Recommendation H.263). The options described in Annexes E & G of ITU-T Recommendation H.263 are not used.





The test model without buffer regulation is implemented as the Telenor simulator version 1.6. The test model with buffer regulation is not available at the time of writing this document but it will exist as the Telenor simulator version 1.7.





Refer to LBC 96-139 (April, 1996) for descriptions of source videos and simulation conditions to be used for experiment demonstrations.


Motion estimation and mode selection


Motion estimation is performed on the luminance macroblock. SAD (Sum of Absolute Difference) is used as error measure. 


Motion estimation in baseline mode (no options)


Integer pixel motion estimation


The search is made with integer pixel displacement in the Y component.  The comparisons are made between the incoming macroblock and the displaced macroblock in the previous reconstructed  picture.  A full search is used, and the search area is up to ±15 pixels in horizontal and vertical direction around the original macro block position.





�embed Equation.2 ���





For the zero vector,  SAD(0,0) is reduced by 100 to favour the zero vector when there is no significant difference.





�embed Equation.2 ���





The (x,y) pair resulting in the lowest SAD is chosen as the integer pixel motion vector, MV0.  The corresponding SAD is SAD(x,y).


INTRA/INTER mode decision 


After the integer pixel motion estimation the coder makes a decision on whether to use INTRA or INTER prediction in the coding.  The following parameters are calculated to make the INTRA/INTER decision:
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INTRA mode is chosen if:   �embed Equation.2 ���





Notice that if SAD(0,0) is used, this is the value that is already reduced by 100 above.


If INTRA mode is chosen, no further operations are necessary for the motion search. If INTER mode is chosen the motion search continues with half-pixel search around the MV0 position.


Half-pixel search


The half-pixel search is done using the previous reconstructed frame. The search is performed on the Y-component of the macro block, and the search area is ±1 half-pixel around the 16x16 target matrix pointed to by MV0. For the zero vector (0,0), SAD(0,0) is reduced by 100 as for the integer search.





The half pixel values are calculated as described in ITU-T Recommendation H.263, Section 6.1.2.





The vector resulting in the best match during the half-pixel search is named MV. MV consists of horizontal and vertical components (MVx, MVy), both measured in half pixel units.


Motion estimation in advanced prediction (AP) mode


This section applies only if advanced prediction mode is selected.


Integer pixel motion estimation


No integer pixel search is performed for the 8x8 motion vectors. The 8x8 motion vectors are assigned the same value as the 16x16 integer motion vector.


Half-pixel search


The half-pixel search is performed for each of the blocks around the 8x8 integer vector.


One vs. Four MV Decision in AP


This section applies only if advanced prediction mode is selected.





SAD for the best half pixel 16x16 vector (including subtraction of 100 if the vector is (0,0)):


�\EMBED Equation ���





SAD for the whole macroblock for the best half pixel 8x8 vectors:


�\EMBED Equation ���





The following rule applies:


If:	�\EMBED Equation ���,	choose 8x8 prediction


otherwise:				choose 16x16 prediction


Motion estimation in the unrestricted motion vector (UMV) mode


This section applies only if the extended motion vector range in the UMV mode is selected.


Search window limitation


Since the window with legal motion vectors in this mode is centered around the motion vector predictor for the current macroblock, some restrictions on the integer motion vector search is applied, to make sure the motion vectors found will be transmittable.





With these restrictions, both the 16x16 vector and the 8x8 vectors found with the procedure described below, will be transmittable, no matter what the actual half-pixel accuracy motion vector predictor for the macroblock, or each of the four blocks, turns out to be.





Integer pixel search


First, the motion vector predictor for the 16x16 vector based on integer motion vectors only, is found. The 16x16 search is then centered around this predictor, with a somewhat limited search window. The 16x16 search window is limited to the range 15 - (2*8x8_search_window+1). Since in this model the 8x8 search window is zero, the default search window in the UMV mode turns out to be (14 integer positions. The 8x8 searches are centered around the best 16x16 vector.





Half-pixel search


Half-pixel searches are performed as in the other modes, around the best 16x16 vector or 8x8 vectors.


Transform


A separable 2-dimensional Discrete Cosine Transform (DCT) is used.


Quantization


The quantization parameter QP  may take integer values from 1 to 31.  The quantization stepsize is  2xQP.


 


COF	A transform coefficient to be quantized.


LEVEL	Absolute value of the quantized version of the transform coefficient.


COF´	Reconstructed transform coefficient.





Quantization:





For INTRA: 		�\EMBED Equation.2 ���


For INTER:			�\EMBED Equation ���


Quantization for INTRA DC coefficient


The DC coefficient of an INTRA block is quantized as described below. 8 bits are used for the quantized DC coefficient.
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Buffer regulation (not in Simulator V1.6)


Buffer regulation is not implemented in the Telenor simulator (version 1.6) at the time of this writing, however, it is expected to be implemented in the next revision (version 1.7) in the near future and made publicly available.





Fixed stepsize and frame rate:


One mode of performing  simulations is with fixed stepsize and frame rate.  In this mode simulations shall be performed with constant stepsize throughout the sequence.  The quantizer stepsize is "manually" adjusted so that the average bitrate for all pictures in the sequence - minus picture number 1 - is as close as possible to one of the target bitrates (8,16 or 32 kb/s).





Regulation of stepsize and frame rate:


For realistic simulations with limited buffer and coding delay, a buffer regulation is needed.  Mechanisms for regulating the output bitrate are:





�SYMBOL 249 \f "MS LineDraw" \s 12 \h�	Possibility of changing the stepsize on macroblock level.





The following buffer regulation will be used as a beginning.





The first intra picture is coded with  QP= 16.  After the first picture the buffer content is set to:


�embed Equation.2 ���


For the following pictures the quantizer parameter is updated at the beginning of each new macroblock line.  The formula for calculating the new quantizer parameter is:





�embed Equation.2 ���


where:





�embed Equation.2 ���	The mean quantizer parameter for the previous picture.


�embed Equation.2 ���	The number of bits spent for the previous picture.


�embed Equation.2 ���	The target number of bits per picture.


mb	Present macroblock number.


MB	Number of macroblocks in a picture.


�embed Equation.2 ���	The number of bits spent until now for the picture.


R	Bitrate.


FR	Frame rate of the source material. (typically 25 or 30 Hz).





The first two terms of this formula are constant for all macroblocks within a picture.  The third term adjusts the quantizer parameter during coding of the picture





The calculated �embed Equation.2 ��� must be adjusted so that the difference fits in with the definition of DQUANT (see section 4).  The buffer content is updated after each complete picture in the following way:





�embed Equation.2 ���





The variable   frame_incr  indicates how many times the last coded picture must be displayed.  It also indicates which picture from the source is coded next.





To regulate frame rate, �embed Equation.2 ���  and a new �embed Equation.2 ���  are calculated at the start of each frame:
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For this buffer regulation, it is assumed that the process of encoding is temporarily stopped when the physical transmission buffer is nearly full.  This means that buffer overflow and forced to fixed blocks will not occur.  However, this also means that no minimum frame rate and delay can be guaranteed.
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