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Summary





This document is describing a core experiment based on contributions Q15-C-11, Q15-D-54, and Q15-D-55. This core experiment addresses the extension of motion-compensated prediction to multiple reference frames assembled in a long-term memory buffer. The long-term memory buffer is simultaneously built at encoder and decoder by reconstructed frames. The frames inside the long-term memory buffer are addressed by a combination of the codes for the spatial displacement vector and a frame reference parameter, which have to be transmitted as side information to the decoder. Long-term memory motion-compensated prediction is incorporated into an H.263+-based video codec.





This document describes the necessary syntax changes and the motion estimation algorithm to perform the core experiment on long-term memory motion-compensated prediction. The simulation conditions for the anchor are as specified in document Q15-D-62.


�



	Simulation Parameters


The long-term memory coder is compared to the anchor employing memory sizes of M=5, 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 (see document Q15-D-62) 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.


Long-Term Memory Motion-Compensated Prediction


Video source coding algorithm


The architecture of the long-term memory motion-compensated predictor is depicted below. This figure shows a video coding structure that comprises an inter-frame predictor, which uses M (M(1) frame memories that are stored in the frame memories P1… PM. The number of frames M is signaled in the picture or GOB layer to the decoder. If M=1, the H.263 default mode is turned on.
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If M>1, the following modifications are made to the macroblock layer. For each INTER (or INTER+Q) macroblock, the source coder selects a spatial displacement vector and a reference frame if the coded macroblock indication (COD) is set to "0". The information to signal the extended motion vector (v) including the spatial displacement and the frame reference is included in the encoded bit-stream. If the coded macroblock indication (COD) is set to "1", only the frame reference parameter is transmitted.





For each INTER4V or (INTER4V+Q) macroblock, the source coder selects four frame reference parameters combined with each spatial displacement vector to four extended motion vectors.





The memory control may work in several modes of operation. For this core experiment, a sliding window over time is accommodated by the memory control unit as depicted in Fig. 2.1. Past decoded and reconstructed frames starting with the immediately preceding one ending with the frame which is decoded M time instants before are collected in the frame memories P1… PM. If the number of frames maximally accommodated by the long-term memory buffer corresponds to M, the motion estimation when coding frame m: 1(m(M can utilize m frames. In case m(M, the maximum number of frames M can be used. 


Motion Compensation


Motion compensation is performed in the default H.263 prediction mode (see 6.1 of the H.263 recommendation) or using the Unrestricted Motion Vector Mode (see Annex D) or using the Advanced Prediction mode (see Annex F) with the extension to reference into several frames. The differential spatial displacement vectors are computed using the H.263 median (see 6.1.1). The frame reference parameter is not predicted. In case the INTER-4V mode is selected, the chrominance motion vector is inherited from the first of the 4 motion vectors, i.e., the first motion vector is treated as if it would be used for compensating the entire 16x16 luminace block.


Motion Estimation


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 frame. Hence, for the long-term memory motion search, a spiral ordering for each frame can be used when searching over the M frames in the long-term memory buffer. The motion estimation on the integer-pel grid minimizes the sum of the absolute displaced frame differences wheighted against the bit-rate of the extended motion vector by a Lagrange parameter. 





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 long-term memory 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 2 for M=5 frames, 5 for M=10 frames, and 10 for M=50 frames. The motion vector costs are defined as in the test model document Q15-D-65 as
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with � EMBED Equation.3  ��� being the extended motion vector and � EMBED Equation.3  ��� being the prediction for the extended motion vector using the method described in section 6.1.1 of the H.263 Recommendation. The � EMBED Equation.3  ��� is computed as 
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The rate term � EMBED Equation.3  ��� relates to the motion information only and is computed by table-lookup for the x-displacement, y-displacement, and frame 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 of the INTER mode,


the block costs plus the associated motion vector costs of the INTER-4V mode.





The use of speed-up metods, 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.





The motion estimation for the INTER mode is summarized as follows


Find the best N integer pel vectors in the search range Mx[-15...15]x[-15...15] as described above.


Compute the half-pel refined N integer-pel vectors.


Compute the INTER macroblock mode costs (reconstruction SSE after DCT + rate for extended motion vector and DCT coefficients of that block, no overlapping) and choose the one out of the N which minimizes the macroblock mode costs.





The motion estimation for one 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] as described above.


Compute the half-pel refined N integer-pel vectors.


Compute the INTER-4V block costs (reconstruction SSE after DCT + rate for extended 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 
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is chosen that minimizes
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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


Long-term memory MCP requires extensions to the syntax. The decoder has to simultaneously accomodate the various pictures that are utilized for motion-compensated prediction at the encoder. Therefore, information needs to be signalled to inform the decoder whether or not and where a frame is added to the multiple frame memory and whether or not and which frame is dropped from the multiple frame memory. Furthermore, the macroblock syntax needs to be extended where the MVD symbol is replaced by an extended MVD symbol. However, the overall syntax changes required are quite small in order to incorporate long-term memory MCP.


Picture Layer


The multiple reference frame memory is arranged as concatenation of M frames that are indexed using numbers 0 to M-1.


Multiple reference frame mode (MRFM) (3 bits)


The multiple reference frame modes are signalled using a three bit codeword, thus leaving space to indroduce more modes. The two modes are specified in Table 3.1.1.





Table 3.1.1. Modes of operation for multiple reference frame MCP. The Sliding Window mode stands for removing the last frame (if the long-term memory buffer is full) and adding the currently decoded frame at position 0 to the memory. The Adaptive Remove/Add Frame mode stands for a more general version of the sliding window mode.





Codeword�
Mode�
�
Ó000Ó�
Sliding Window�
�
Ó001Ó�
Adaptive Remove/Add Frame�
�



Remove Frame Indication (RFI) (1 bit)


A fixed length codeword that is present only if the MRFM code is Ó001Ó. If RFI is set to Ó0Ó, no frame is removed from the memory unless a frame is added and the multiple reference frame memory is full. In that case, the frame with index M-1 is removed from the multiple frame memory. If RFI is set to Ó1Ó, a frame is removed from the multiple frame memory.


Remove Frame Position (RFP) (Variable length)


A variable length codeword that is present only if RFI is set to Ó1Ó. The code table for the frame reference parameter (FR) as given in Table 3.2.1 is used to indicate which frame is to be removed from the multiple frame memory. However, the table is to be applied in reverse order. For example, if frame m is to be removed, the codeword corresponding to the index M-1-m is to be transmitted. After removal of the mÕth frame from the multiple frame memory, the indexes greater than m are subtracted by one.


Add Frame Indication (AFI) (1 bit)


A fixed length codeword that is present only if the MRFM code is Ó001Ó. If AFI is set to Ó0Ó, the currently decoded frame is not added to the multiple frame memory. If AFI is set to Ó1Ó, the currently decoded frame is added to the multiple frame memory.


Add Frame Position (AFP) (Variable length)


A variable length codeword that is present only if AFI is set to Ó1Ó. The code table for the frame reference parameter (FR) as given in Table 3.2.1 is used to indicate at which position the currently decoded frame is to be added to the multiple frame memory. After adding the currently decoded frame at the mÕth position in the multiple frame memory, the indexes greater than m are added by one.





Macroblock Layer


If the COD bit is set to "0", meaning the macroblock is coded, the syntax of the macroblock layer as depicted in Fig. 3.1 is modified in that, the MVD, MVD2, MVD3, and MVD4 parts are extended by a frame reference parameter. Otherwise, the same syntax is used as described in section 5.3 of the H.263 recommendation.








COD�
MCBPC�
MODB�
CBPB�
CBPY�
DQUANT�
MVD�
MVD2�
MVD3�
MVD4�
MVDB�
Block Data�
�



Figure 3.2.1: H.263 macroblock syntax layer if COD="0".








FR�
MVDx�
MVDy�
�



Figure 3.2.2: Extended motion vector syntax. FR: frame reference parameter, MVDx: x-component of spatial displacement, MVDy: y-component of spatial displacement





If the COD bit is set to "1", meaning that the macroblock is not coded, the syntax of the macroblock is modified in that the COD bit is followed by the frame reference (FR) parameter as depicted in Fig. 3.3.





COD�
FR�
�



Figure 3.2.3: H.263 macroblock syntax layer if COD="1".





Variable length codes for the frame reference parameter are given in Table 3.2.1.





Table 3.2.1. Variable length codes for the frame reference parameter.





Absolute position of frame reference parameter�
number of bits�
Codes�
�
0�
1�
1�
�
“x0”+1 (1:2)�
3�
0x00�
�
“x1x0”+3 (3:6)�
5�
0x11x00�
�
“x2x1x0”+7 (7:14)�
7�
0x21x11x00�
�
“x3x2x1x0”+15 (15:30)�
9�
0x31x21x11x00�
�
“x4x3x2x1x0”+31 (31:62)�
11�
0x41x31x21x11x00�
�
“x5x4x3x2x1x0”+63 (63:126)�
13�
0x51x41x31x21x11x00�
�
“x6x5x4x3x2x1x0”+127 (127:254)�
15�
0x61x51x41x31x21x11x00�
�
“x7x6x5x4x3x2x1x0”+255 (255:510)�
17�
0x71x61x51x41x31x21x11x00�
�
“x8x7x6x5x4x3x2x1x0”+511 (511:1022)�
19�
0x81x71x61x51x41x31x21x11x00�
�
“x9x8x7x6x5x4x3x2x1x0”+1023 (1023:2046)�
21�
0x91x81x71x61x51x41x31x21x11x00�
�
“x10x9x8x7x6x5x4x3x2x1x0”+2047 (2047:4094)�
23�
0x101x91x81x71x61x51x41x31x21x11x00�
�
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