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Summary



This document describes a core experiment based on contributions Q15-C-11, Q15-D-54, Q15-D-55, Q15-E-25, Q15-E-44, and Q15-E-52. The core experiment addresses the extension of motion-compensated prediction to multiple reference pictures assembled in a multiple reference picture buffer. The multiple reference picture buffer is simultaneously built at encoder and decoder by reconstructed pictures. The pictures inside the multiple reference picture buffer are addressed by a picture reference parameter, which has to be transmitted as side information to the decoder together with the spatial displacement vector. Multiple reference picture motion-compensated prediction is incorporated into an H.263+-based video codec by specifying a proposed Annex. The proposed Annex U on Enhanced Reference Picture Selection is submitted as document Q15-G-18.



This document describes the encoding algorithm to perform the core experiment on multiple reference picture motion-compensated prediction. The simulation conditions for the anchor are as specified in document Q15-D-62.

�	Simulation Parameters

The multiple reference picture coder is compared to the anchor employing memory sizes M=10, and 50 for QCIF resolution and memory sizes of M=5 and 10 for CIF resolution. For objective comparisons, the same conditions as for the anchor shall be used. For subjective comparisons, the quantizer that yields the closest bit-rate to the bit-rates of the anchor conditions shall be used. The simulation conditions for the anchor are as specified in document Q15-D-62.

Encoding Algorithm

Motion Estimation

Motion estimation is performed by full search on integer-pixel positions in the multiple reference picture buffer followed by a half-pixel refinement step.



It is obvious that the complexity by motion search on multiple reference picture is increased against the single reference picture motion search. Hence, algorithms for fast motion estimation are recommended. Thus, in integer-pixel motion estimation, after each row of pixels in the block matching, the current costs are compared to the costs of the previously found minimum cost candidate. If the costs of the current candidate exceed the previously found minimum costs, the distortion computation is stopped for the current candidate. The procedure moves on to the next candidate. Therefore, the order of the motion estimation follows increasing bit-rate for the motion vectors. This way, we maximize the probability to find a good match in the search at the beginning. A good approximation of these probabilities is a search spiral, as the one used in the high complexity mode of the test model for the H.263 standard, which is applied on every picture. Hence, for the multiple reference picture motion search, a spiral ordering for each picture can be used when searching over the M pictures in the multiple reference picture buffer. The motion estimation on the integer-pel grid minimizes the sum of the absolute displaced picture differences weighted against the bit-rate of the extended motion vector by a Lagrange parameter (MOTION. The use of speed-up methods, e.g., as described in document Q15-D-55, is strongly recommended in order to reduce computation time needed for the motion estimation. However, for the sake of reproducibility, no lossy method shall be applied.



It has turned out, that keeping only the best motion vector yields inferior gains. Therefore the integer-pel accurate motion estimation procedure returns the best N motion vectors. More precisely, the integer-pel accurate multiple reference picture motion search returns all motion vectors that are in the range of 1.5 times the cost of the best motion vector. However, the maximum number of motion vectors kept is 5 for M=10 pictures and 10 for M=50 pictures. The motion vector costs are defined as in the test model document Q15-D-65 as



DMotiion(MVBxB)+ lMotionRMotion(MVBxB-PVBxB)



with MV being the extended motion vector and  being the prediction for the extended motion vector using the method described in section 6.1.1 of the H.263 Recommendation. DMotiion(MVBxB) is computed as the sum of absolute differences (SAD) over BxB luminace pixels (B=8 or 16). The rate term RMotion(MVBxB-PVBxB) relates to the motion information only and is obtained by table-lookup for the x-displacement, y-displacement, and picture reference parameter. 



Given the list of all best integer-pel vectors, each of them is half-pel refined using the rate-constrained motion estimation criterion. Given all best half-pel refined vectors, the final motion vector is chosen that minimizes

the macroblock cost in case of estimating the motion vector for the INTER mode,

the block costs plus the associated weighted motion vector rate in case of estimating one of the four motion vectors of the INTER-4V mode.



The motion estimation to determine the motion vector for the INTER mode is summarized as follows

�Find the best N integer-pel vectors in the search range [1...M]x[-15...15]x[-15...15] by minimizing��				DMotiion(MV16x16)+lMotion RMotion(MV16x16-PV16x16)�

Compute the N half-pel refined motion vectors.�

Compute the INTER macroblock mode costs ��			DReconstruction(macroblock)+lMODE Rreconstruction(macroblock)��(sum of squared errors (SSE) after DCT + (MODE multiply rate for that macroblock, no overlapping) and choose the one out of the N which minimizes the macroblock mode costs.





�The motion estimation for one of the four motion vector of the INTER-4V mode is summarized as follows�

Find the best N integer-pel vectors in the search range Mx[-15...15]x[-15...15] by minimizing��				DMotiion(MV8x8)+lMotion RMotion(MV8x8-PV8x8)�

Compute the N half-pel refined motion vectors.�

Compute the INTER-4V block costs ��				DReconstruction(block)+lMODE Rreconstruction(block)��(reconstruction SSE after DCT + (MODE multiply rate for motion vector and DCT coefficients of that block, no overlapping) and choose the one out of the N which minimizes the block costs.

Mode Decision

The rate-constrained mode decision strategy as defined in document Q15-D-65 is employed where the mode out of the set 



MODE = {SKIP, INTER, INTRA, INTER-4V}



is chosen that minimizes

 

Dreconstruction (macroblock, MODE)+lMODE Rreconstruction (macroblock, MODE).



For details please refer to Q15-D-65.

Remaining Encoder Parts

The remaining encoder parts are as specified for the TMN-10 coder, see document Q15-D-65.

Syntax

The use of the multiple reference picture selection mode is indicated, if Bit 16 of the optional part of PLUSPTYPE (OPPTYPE) is set to ”1”. The remaining syntax changes are specified in document Q15-G-18.
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