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Summary



The rate-distortion efficiency of motion-compensated prediction is improved by extending 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 to 50 corresponding, e.g., to decoded video frames of 5 seconds at 10 frames/s sampling rate. The collection of frames, 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 according to the core experiment description in Q15-D-66. Simulation results are presented according to the specifications in Q15-D-62r1. The results are demonstrating the efficiency of the proposed approach.
 
For 
most of
 
the 
sequences
 tested, the approach achieves bit-rate savings between 10 and 20 % at the high bit-rate end. For some special scenarios
 (
which however are likely to occur
)
, bit-rate savings up to 60 
% are achieved.



�1	Introduction

This document is a successor of Q15-C-11 and Q15-D54, which have been presented at the experts meetings in Eibsee and Tampere, respectively. 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-D-62r1. A D1 presentation is prepared for subjective comparisons.



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.

2	Results


The long-term memory motion-compensated prediction codec is compared to the anchor. A description of the proposed codec can be found in Q15-D-66. The anchor is run after the specifications of the high-complexity mode of TMN-10, which can be found in Q15-D-65. For both codecs, Annexes D, F, I, J and T are turned on.
 Both codecs used the same INTRA frames.


For objective comparisons, parameterized rate distortion curves are plotted with the corresponding tables given as well. These curves show average PSNR versus average bit-rate. PSNR and bit-rate are measured as the arithmetic mean of the PSNR values and total bit-rates�(i) 	of all frames and�(ii)	of all frames except for the first 50 coded frames.
�The results 
according to (i)
 are presented 
in secrion 2.1 while the 
results 
according to (ii
)
 are presented 
in secrion 2.2. 
The resulting average bit-rate/frame is 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 4, 5, 7, 10, 15 and 25. The other conditions are as follows:



Frame Skip�2�1�0��Sequences�Hall Objects, QCIF,300(10)

Container, QCIF,300 (7)

News, QCIF,300 (15)

Foreman, QCIF,300 (7)�Paris, CIF,900(15)

Silent Voice, QCIF,300(7)�Irene, CIF,500 (10)

Glasgow,QCIF,750(10)��



A D-1 tape demonstration will show subjective comparisons. In addition to the sequences above, other sequences have been coded under 
the constraint of small buffer size. D-1 demonstrations and additional information 
regarding these 
will be given at the meeting.



�2.1	Results  when  measuring  over  all  frames



Container Ship, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�69.76�37.76�42.59�42.32�57.98�38.02�42.74�42.25�58.04�38.06�42.79�42.30��5�53.23�36.55�41.56�41.18�43.98�36.82�41.59�41.19�44.14�36.87�41.64�41.18��7�33.63�34.52�40.89�40.34�28.85�34.83�40.95�40.50�28.95�34.85�41.00�40.50��10�20.66�32.41�39.29�38.54�18.54�32.79�39.38�38.67�18.78�32.81�39.37�38.59��15�12.16�30.14�38.53�37.76�11.96�30.47�38.59�37.89�12.11�30.51�38.57�37.89��25�6.10�27.28�37.47�37.00�6.97�27.57�37.54�37.10�6.95�27.58�37.51�37.00��



Foreman, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�162.99�37.87�41.84�42.60�148.78�38.17�41.71�42.39�147.20�38.19�41.73�42.36��5�128.39�36.72�41.01�41.75�118.68�36.98�40.91�41.56�117.43�37.00�40.95�41.57��7�86.62�34.60�40.20�40.71�82.13�34.88�40.00�40.51�81.46�34.90�40.02�40.49��10�56.16�32.42�38.74�39.01�54.22�32.76�38.56�38.82�53.64�32.80�38.51�38.79��15�35.40�30.19�37.93�38.16�35.08�30.52�37.72�37.96�34.99�30.56�37.64�37.96��25�19.66�27.52�37.06�37.01�20.18�27.83�36.78�36.60�20.10�27.87�36.80�36.61��



Hall Monitor, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�58.11�39.06�40.71�42.65�52.94�39.26�40.17�42.33�51.79�39.35�40.18�42.31��5�46.16�37.60�40.17�41.97�42.93�37.86�39.70�41.76�42.00�37.99�39.77�41.79��7�30.50�35.54�39.49�41.43�29.88�35.92�39.32�41.40�29.18�36.05�39.42�41.44��10�19.58�33.46�38.01�40.23�19.83�33.86�37.95�40.33�19.31�34.06�38.05�40.26��15�12.32�31.09�37.28�39.37�13.17�31.45�37.30�39.44�12.89�31.62�37.40�39.50��25�6.88�28.22�36.75�38.99�8.00�28.60�36.83�39.16�7.86�28.72�36.91�39.18��



News, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�97.46�38.45�41.60�42.28�93.73�38.48�41.14�42.07�63.93�38.59�41.05�42.10��5�77.18�37.05�40.51�41.24�74.92�37.13�40.09�41.08�51.21�37.24�40.10�41.18��7�52.98�34.81�39.59�40.34�51.84�34.95�39.20�40.15�35.67�35.06�39.26�40.29��10�33.95�32.58�37.74�38.54�33.79�32.78�36.72�38.10�23.55�32.92�37.26�38.26��15�21.05�30.17�36.72�37.80�21.53�30.39�35.37�37.23�15.42�30.49�35.48�37.26��25�11.16�27.38�35.44�36.74�12.14�27.55�33.82�36.05�9.19�27.66�32.55�35.51��



�





Silent Voice, QCIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�109.99�38.10�41.13�41.94�101.15�38.42�41.13�41.96�96.45�38.63�41.36�42.19��5�86.01�36.65�39.99�40.96�80.45�36.98�39.93�41.03�76.89�37.17�40.00�41.13��7�57.62�34.54�38.94�40.29�54.65�34.89�38.98�40.27�51.97�35.08�39.21�40.49��10�36.32�32.55�37.14�38.58�35.40�32.91�37.16�38.51�33.61�33.10�37.28�38.64��15�22.47�30.45�36.41�37.87�22.52�30.73�36.41�37.82�21.30�30.87�36.61�38.07��25�12.20�28.05�35.44�36.90�12.90�28.31�35.52�36.88�12.28�28.48�35.81�37.20��



Paris, CIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�562.89�37.41�40.63�40.93�512.59�37.55�40.14�40.61��5�447.06�35.96�39.53�39.78�409.14�36.14�39.03�39.51��7�303.61�33.56�38.35�38.77�278.04�33.83�38.01�38.54��10�191.05�31.18�36.46�36.89�176.33�31.55�36.06�36.70��15�112.90�28.72�35.19�35.90�107.80�29.12�35.07�35.75��25�54.46�25.88�34.03�34.61�56.27�26.21�33.97�34.46��



Tour Of Glasgow, QCIF, SKIP=0, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�297.59�37.00�41.41�43.00�266.95�37.03�41.13�42.75�267.08�37.02�41.12�42.76��5�231.68�35.70�40.58�42.24�209.13�35.77�40.36�42.07�209.24�35.77�40.36�42.03��7�151.37�33.50�39.69�41.48�137.46�33.59�39.48�41.25�137.37�33.58�39.45�41.20��10�92.38�31.32�38.14�40.02�84.88�31.47�37.96�39.75�84.70�31.43�37.86�39.66��15�53.67�29.11�37.20�39.19�50.90�29.26�37.00�38.80�50.70�29.23�36.96�38.76��25�26.19�26.60�35.92�38.06�26.64�26.74�35.57�37.62�26.48�26.69�35.36�37.33��



Irene, CIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�751.96�40.17�42.53�42.49�683.80�40.29�42.37�42.24��5�578.88�39.09�41.62�41.49�533.81�39.26�41.39�41.28��7�371.62�37.18�40.71�40.58�352.98�37.39�40.55�40.34��10�223.05�35.22�39.14�38.79�219.78�35.47�38.83�38.36��15�132.18�33.28�38.29�37.80�136.55�33.45�37.64�37.15��25�70.25�30.92�37.06�36.46�77.59�31.00�36.44�35.47��

��������

�2.2	Results  when  measuring  over  all  frames except  the  first  50  coded  frames



Container Ship, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�66.56�37.59�42.42�42.25�58.29�37.81�42.50�41.97�58.38�37.87�42.59�42.06��5�50.17�36.41�41.53�41.18�43.77�36.66�41.47�41.12�43.90�36.70�41.57�41.02��7�31.30�34.34�40.69�40.28�28.43�34.60�40.68�40.28�28.33�34.62�40.68�40.27��10�19.24�32.20�39.12�38.39�18.21�32.52�39.13�38.54�18.39�32.52�39.13�38.39��15�11.20�29.88�38.37�37.71�11.50�30.15�38.33�37.78�11.67�30.20�38.31�37.76��25�5.55�26.98�37.28�36.96�6.49�27.21�37.33�37.03�6.55�27.21�37.27�36.88��



Foreman, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�175.44�37.66�41.54�41.86�168.34�37.93�41.50�41.79�167.54�37.95�41.49�41.77��5�137.80�36.46�40.70�41.04�133.91�36.70�40.65�40.91�133.20�36.70�40.68�40.91��7�92.41�34.28�39.80�40.04�92.39�34.50�39.63�39.83�92.21�34.49�39.61�39.78��10�59.04�32.09�38.27�38.41�60.54�32.32�38.04�38.18�60.20�32.34�37.88�38.11��15�36.21�29.93�37.44�37.47�38.52�30.11�37.10�37.25�38.57�30.15�36.96�37.14��25�20.19�27.42�36.52�36.36�21.96�27.55�36.02�35.74�21.96�27.58�35.89�35.77��



Hall Monitor, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�54.59�38.91�40.70�42.72�49.84�39.22�40.17�42.36�48.42�39.34�40.19�42.36��5�43.66�37.46�40.19�42.02�40.49�37.80�39.68�41.80�39.07�37.99�39.77�41.81��7�28.25�35.32�39.50�41.43�27.57�35.82�39.27�41.39�26.68�36.00�39.38�41.44��10�17.48�33.19�38.00�40.22�17.76�33.67�37.92�40.34�17.14�33.96�38.06�40.22��15�10.60�30.83�37.28�39.36�11.55�31.26�37.28�39.41�11.16�31.52�37.41�39.44��25�5.49�27.98�36.72�38.91�6.70�28.45�36.73�39.10�6.55�28.62�36.89�39.16��



News, QCIF, SKIP=2, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�94.54�38.31�41.53�42.17�90.86�38.34�40.96�41.93�32.35�38.54�41.00�42.04��5�74.63�36.92�40.47�41.12�72.62�37.02�39.92�40.99�25.85�37.21�40.09�41.11��7�50.70�34.65�39.51�40.20�49.64�34.79�39.04�39.92�17.76�35.00�39.19�40.17��10�32.37�32.36�37.69�38.47�32.10�32.58�36.36�37.95�12.01�32.82�37.44�38.32��15�19.78�29.97�36.65�37.77�20.48�30.21�34.24�36.70�8.26�30.39�34.88�36.85��25�10.36�27.16�35.30�36.66�11.23�27.32�32.40�35.34�5.42�27.55�31.63�34.99��



�







Silent Voice, QCIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�109.27�37.96�41.00�41.81�100.12�38.31�40.98�41.80�93.83�38.58�41.27�42.12��5�85.30�36.53�39.90�40.83�79.46�36.90�39.83�40.92�74.86�37.14�39.92�41.03��7�56.89�34.40�38.76�40.11�53.68�34.80�38.82�40.08�50.23�35.04�39.11�40.40��10�35.65�32.40�37.00�38.48�34.55�32.81�37.01�38.39�32.16�33.05�37.16�38.54��15�21.91�30.31�36.29�37.65�21.99�30.64�36.27�37.63�20.31�30.82�36.53�37.97��25�11.84�27.93�35.28�36.70�12.49�28.23�35.36�36.71�11.61�28.44�35.70�37.08��



Paris, CIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�533.66�37.39�40.60�40.90�482.40�37.55�40.10�40.58��5�423.58�35.94�39.50�39.75�384.69�36.13�38.99�39.47��7�286.97�33.51�38.29�38.73�260.51�33.81�37.95�38.50��10�179.79�31.12�36.41�36.85�164.61�31.51�36.00�36.66��15�105.53�28.66�35.13�35.86�100.00�29.08�35.01�35.71��25�50.04�25.82�33.97�34.57�51.65�26.17�33.91�34.41��



Tour Of Glasgow, QCIF, SKIP=0, Average Bit-Rate and PSNR���Anchor�LTMP, M=10�LTMP, M=50��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�288.65�37.08�41.49�43.06�259.12�37.11�41.21�42.81�259.27�37.10�41.21�42.82��5�224.75�35.79�40.67�42.31�202.91�35.86�40.45�42.12�203.02�35.86�40.45�42.08��7�147.34�33.60�39.79�41.54�133.64�33.70�39.57�41.30�133.58�33.68�39.54�41.25��10�90.30�31.42�38.24�40.06�82.80�31.57�38.06�39.80�82.61�31.53�37.95�39.70��15�52.74�29.21�37.30�39.24�49.90�29.36�37.08�38.84�49.69�29.33�37.04�38.79��25�25.89�26.69�35.99�38.09�26.30�26.83�35.63�37.65�26.14�26.78�35.40�37.34��



Irene, CIF, SKIP=1, Average Bit-Rate and PSNR���Anchor�LTMP, M=10��QP�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]�Rate

[kbps]�Y

[dB]�Cr

[dB]�Cb

[dB]��4�745.21�40.14�42.49�42.46�676.03�40.28�42.32�42.19��5�573.52�39.08�41.59�41.46�527.48�39.24�41.34�41.24��7�367.24�37.16�40.66�40.54�348.22�37.38�40.50�40.29��10�219.81�35.19�39.10�38.76�216.51�35.45�38.78�38.31��15�129.99�33.26�38.25�37.77�134.43�33.43�37.55�37.07��25�68.99�30.89�37.01�36.41�76.32�30.98�36.34�35.37��
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