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Summary



Our proposal to improve the efficiency of motion-compensated prediction is to extend the motion vector utilized in hybrid video coding by a frame reference parameter permitting the use of several reference frames instead of only the previously decoded one for block-based motion compensation. In our experiments, we restrict the maximum number of frames in the long-term memory to 50 corresponding to decoded video frames of 5 seconds at 10 frames/s sampling rate. The long-term memory is simultaneously built at encoder and decoder by reconstructed frames. The frames inside the long-term memory 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. Simulation results are demonstrating the efficiency of the proposed approach. A suggestion about a possible multiple reference frame motion-compensating prediction syntax is given in the document.

�Introduction

This document is a successor of Q15-C-11 which has been presented at the experts meeting in Eibsee. The concept as proposed in Q15-C-11 is mainly kept the same. We propose a syntax for multiple reference frame motion-compensated prediction. Simulation results are presented following the guidelines of document Q15-C-47. A D1 presentation is prepared for subjective comparisons.

Long-Term Memory Motion-Compensated Prediction

Our proposal to improve the efficiency of motion-compensated prediction is to extend the motion vector by a frame reference parameter permitting the use of several reference frames for motion-compensated prediction. The number of reference frames used can be negotiated between encoder and decoder. In our experiments, we restrict the maximum number of frames in the long-term memory to 50 corresponding to decoded video frames of 5 seconds at 10 frames/s sampling rate. The extended motion vector comprising the spatial displacement vector and the frame reference has to be transmitted as side information to the decoder.

Video source coding algorithm

The architecture of the long-term memory motion-compensated predictor is depicted in Fig. 2.1. 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 P1Ö 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.

�EINBETTEN Word.Picture.8��� 



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. A sliding window over time may be 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 P1Ö PM. Alternatively, the set of past decoded and reconstructed frames may be sub-sampled using a scheme shared by encoder and decoder. In general, several modes of operation for the memory control may be defined and the one, which is used, may be negotiated between encoder and decoder. In our suggestion for a possible multiple reference frame motion-compensated prediction synatx, the sliding window approach is specified as extra mode while a variety of other strategies may be realized using the Adaptive Remove/Add Frame mode. For details, please refer to section 3.1.



In this proposal we present only results using the sliding window approach because of its simplicity. Note when permitting the long-term memory buffer to contain only decoded frames, the sliding window approach also minimizes the time at the beginning of the sequence to exploit the full long-term memory size. Note that the long-term memory motion-compensated prediction approach does not introduce any kind of additional delay. Again, the encoder and the decoder might negotiate the number of frames used for long-term memory motion-compensated prediction. 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. Note that various experiments have been conducted in order to predict the frame reference parameter. However, none of the approaches we tried yielded significant bit-rate reductions for the frame reference parameter.



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)

We propose two modes of operation for long-term memory MCP. These 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��”000”�Sliding Window��”001”�Adaptive Remove/Add Frame��

Remove Frame Indication (RFI) (1 bit)

A fixed length codeword that is present only if the MRFM code is ”001”. If RFI is set to ”0”, 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 ”1”, 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 ”1”. 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 m’th 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 ”001”. If AFI is set to ”0”, the currently decoded frame is not added to the multiple frame memory. If AFI is set to ”1”, 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 ”1”. 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 m’th 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��ìx0î+1 (1:2)�3�0x00��ìx1x0î+3 (3:6)�5�0x11x00��ìx2x1x0î+7 (7:14)�7�0x21x11x00��ìx3x2x1x0î+15 (15:30)�9�0x31x21x11x00��ìx4x3x2x1x0î+31 (31:62)�11�0x41x31x21x11x00��ìx5x4x3x2x1x0î+63 (63:126)�13�0x51x41x31x21x11x00��ìx6x5x4x3x2x1x0î+127 (127:254)�15�0x61x51x41x31x21x11x00��ìx7x6x5x4x3x2x1x0î+255 (255:510)�17�0x71x61x51x41x31x21x11x00��ìx8x7x6x5x4x3x2x1x0î+511 (511:1022)�19�0x81x71x61x51x41x31x21x11x00��ìx9x8x7x6x5x4x3x2x1x0î+1023 (1023:2046)�21�0x91x81x71x61x51x41x31x21x11x00��ìx10x9x8x7x6x5x4x3x2x1x0î+2047 (2047:4094)�23�0x101x91x81x71x61x51x41x31x21x11x00��

Encoder

Improvements when using long-term memory motion-compensated prediction (MCP) can be expected in case of repetition of image sequence content. Note that these repetitions may or may not be meaningful in terms of human visual perception. Examples for visually meaningful repetition are moving image contents with repetition in orientation or shape, covered and uncovered objects, shaking of the camera forth and back, etc. Additionally, we obtain improvements if 16x16 or 8x8 blocks in long-term memory are coincidentally similar to the current block. Also, the effect of sampling the video signal at various positions may contribute benefits in favor of long-term memory MCP. 

Long-term Memory Motion Estimation

Results on prediction performance when varying the number of reference frames from 1 to 50 are given in Q15-C-11. Improvements to the motion estimation methods presented in Q15-C-11 are given in Q15-D-55. In Q15-D-55, a combination of methods is given which yield significant speed-ups compared to the conventional method. At very minor losses in prediction gain, for the sequences Foreman, Mother-Daughter and Stefan a reduction in computation time by factors of 11.2, 8.1, and 3.6, respectively, is reported, when searching 50 frames. For the sequence Foreman, the fastest method searches 10 frames at only twice the computation time of full search on 1 frame. Furthermore, 50 frames are searched using the fastest method using only 6 times the computation time of full search on 1 frame.

Rate Control

The rate in our coder is controlled using

1	rate-constrained multiple frame motion estimation using block sizes 8x8 and 16x16 and

2	rate-constrained mode decision.



The full encoding strategy is as described in documents Q15-D-13 with its extensions to long-term memory MCP which are described in Q15-C-11.

Experimental Results

For objective comparisons, parameterized rate distortion curves are plotted with the corresponding tables given as well. These curves show PSNR versus bit-rate measured of the complete bit-stream. PSNR is measured as the arithmetic mean of the PSNR values of each frame except the first INTRA frame. Bit-rate is measured as the average of all bits per frame except for the first INTRA frame multiplied by 30/frameskip (kbit/s). The plots have 0.5 dB grid lines on the PSNR axis.

The set of rate distortion curves is generated by varying the INTER-macroblock quantizer over values as follows:

QINTER�4, 5, 7, 10, 15, 25�4, 5, 7, 10, 15, 25��Frame Skip�2�1��Resolution�QCIF�CIF��Sequences�Mother and Daughter

Hall Objects

Container Ship

Silent Voice

News

Foreman�Foreman

Paris

Silent Voice��

The Lagrange parameters for motion estimation as well as mode decision are chosen as suggested in Q15-D-13. The annexes D and J are turned on. A search range of ( 15 integer pels is utilized for the anchors as well as the proposed method. In contrast to document Q15-C-11, the PSNR as well as bit-rate values are averaged over the entire sequences. Hence, the gains as reported in document Q15-C-11 are not as high in this document.

Container Ship, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�4.83�27.86�5.97�27.86�5.87�27.97��15�10.14�29.86�10.76�29.74�10.48�29.82��10�18.33�31.85�17.81�31.81�17.27�31.82��7�30.96�34.13�27.78�34.13�27.44�34.19��5�50.88�36.36�43.82�36.32�43.43�36.39��4�67.21�37.55�57.78�37.46�57.15�37.52��

Foreman, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�18.04�27.55�18.55�27.91�19.47�28.08��15�33.28�30.18�32.84�30.35�34.42�30.53��10�53.95�32.34�51.71�32.53�53.97�32.68��7�84.63�34.52�78.83�34.71�82.83�34.83��5�128.64�36.62�117.04�36.80�122.63�36.92��4�162.71�37.71�146.77�37.89�153.26�38.01��

Hall Monitor, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�5.83�29.16�7.21�29.49�6.87�29.84��15�10.79�30.69�12.12�30.68�11.64�30.85��10�17.67�32.35�19.26�32.29�18.18�32.42��7�28.05�34.78�29.81�34.81�28.31�34.92��5�42.57�37.15�44.14�37.24�41.57�37.39��4�53.30�38.40�55.46�38.43�51.92�38.56��

Mother & Daughter, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.24�27.83�7.57�28.03�7.21�28.10��15�13.70�29.95�15.17�30.08�14.62�30.18��10�26.74�31.86�27.09�32.02�26.83�32.10��7�49.22�33.99�47.36�34.16�46.76�34.24��5�82.16�36.23�77.74�36.39�75.70�36.44��4�107.18�37.44�99.59�37.56�98.02�37.63��

News, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�9.36�28.07�11.00�28.62�7.75�28.52��15�17.94�29.99�19.23�30.35�13.15�30.29��10�30.31�31.99�31.59�32.35�21.20�32.18��7�48.61�34.35�49.34�34.68�33.16�34.53��5�72.91�36.79�73.66�37.11�49.93�36.98��4�91.72�38.00�91.32�38.30�62.30�38.13��

SilentVoice, QCIF, SKIP=2���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�8.79�28.70�9.04�28.86�8.69�29.23��15�16.43�30.15�15.91�30.29�15.21�30.36��10�27.49�31.65�26.06�31.77�25.01�31.78��7�43.75�33.86�41.17�33.94�39.43�33.95��5�66.69�36.05�62.53�36.16�60.21�36.18��4�84.25�37.23�77.85�37.24�75.61�37.24��

Foreman, CIF, SKIP=1���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�76.77�28.90�79.22�29.15�97.24�29.73��15�137.05�31.24�134.88�31.38�143.48�31.89��10�225.05�33.17�211.93�33.31�225.49�33.77��7�365.88�35.17�330.84�35.30�338.52�35.68��5�573.05�37.09�508.66�37.22�535.35�37.54��4�737.82�38.09�647.92�38.21�661.87�38.57��

Paris, CIF, SKIP=1���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�49.16�26.47�52.55�26.65�46.27�26.71��15�104.82�28.61�104.72�28.73�97.62�28.78��10�181.57�30.81�174.33�30.84�162.67�30.88��7�293.04�33.31�273.05�33.28�265.98�33.40��5�440.27�35.83�418.86�35.84�404.29�35.84��4�550.07�37.20�522.80�37.04�522.91�37.10��

Silent Voice, CIF, SKIP=1���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�35.42�29.71�34.42�29.97�41.26�30.44��15�63.26�30.96�55.39�31.02�63.62�31.31��10�102.74�32.20�87.90�32.16�101.16�32.67��7�164.93�34.10�154.97�34.09�165.29�34.50��5�255.94�36.08�236.87�36.04�251.84�36.47��4�328.62�37.22�309.87�37.16�323.84�37.67��
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