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Summary



This document describes an H.263 coder whose operational mode is rate-distortion optimized. The coder generates an H.263 bit-stream compliant with ITU-T Recommendation H.263 Version 2. Comparisons are made against the TMN-3.1.1 codec provided by UBC. The simulations are run for the cases Annex D (H.263+), Annex F, and Annex J ON or OFF. All bit-streams have been successfully decoded using the TMN-3.1.1 decoder provided by UBC.



We have observed:

Usage of Annex D (H.263+), when comparing against baseline, only improves rate-distortion performance for sequences with global motion, e.g., Foreman, for both coders, and never produces worse results for other sequences.

Usage of Annexes F or J, when comparing against baseline, always improves coding performance of the rate-distortion-optimized coder but sometimes produces worse performance for the TMN-3.1.1 coder.

Usage of Annexes F and J together, when comparing against using Annexes F or J only, never improves coding performance for the rate-distortion-optimized coder.

For all sequences tested, the improved encoding strategy, when comparing against the TMN-3.1.1 strategy, provides PSNR gains of about 0.5 dB or, correspondingly, bit-rate savings of about 10 % when employing Annexes D and J.

The results relating to the various frame skips are not very informative.



We propose:

The presented rate-distortion-optimized encoding strategy with the combination of Annexes D (H.263+) and J to be used in the core experiments, because (i) the results using Annexes D and J are very close to the results using Annexes D and F or using Annexes D and F and J; (ii) the combination of Annexes D and J has lower complexity than any combination involving Annex F.

Not to require the results for varying frame skip in the core experiments since these are not very informative.

�Introduction

This document describes an H.263 coder whose operational mode is rate-distortion optimized. The coder generates an H.263 bit stream as specified in ITU-T Recommendation H.263 Version 2.



There are several modes of operation permitted by an H.263 compliant encoder as defined by negotiable options. For this coder, however, the only options included so far are the Unrestricted Motion Vector mode (Annex D), the Advanced Prediction mode (Annex F), and the Deblocking Filter mode (Annex J). 

Motion estimation and mode selection

The problem of optimum bit allocation to the motion vectors and the residual coding in any hybrid video coder is a non-separable problem requiring a high amount of computation. To circumvent this joint optimization, we split the problem into two parts: motion estimation and mode decision, i.e., the motion estimation for the INTER and INTER-4V mode is conducted first, and then given these motion vectors, the overall rate-distortion costs for all macroblocks are computed for the rate-constrained mode decision.

Rate-Constrained Motion Estimation



For each block or macroblock the “best” motion vector is found by full search on integer-pel positions followed by half-pel refinement. The integer-pel search is conducted over the range [-15…15]x[-15…15] pels relative to the position of the block or macroblock in the current frame. The search is conducted given the predictor of the block or macroblock motion vector. 



Motion estimation is an ill-conditioned problem. The ill-conditioning results in increased variance of the estimated motion vectors causing increased bit-rate for motion information. In order to regularize the ill-conditioned estimation problem, we use a Lagrangian formulation wherein distortion is weighted against rate using a Lagrange multiplier.  More precisely, our motion search returns the motion vector that minimizes



�embed Equation.2 ���



with � EMBED Equation.3  ��� being the motion vector and � EMBED Equation.3  ��� being the prediction for the motion vector using the method described in section 6.1.1 of the H.263 Recommendation. The � EMBED Equation.3  ��� is computed as 



�embed Equation.2 ���



The rate term � EMBED Equation.3  ��� relates to the motion information only and is computed by table-lookup.



The choice of � EMBED Equation.3  ��� has a rather small impact on the result of the 16x16 block motion estimation. But the search result for 8x8 blocks is strongly affected by � EMBED Equation.3  ���. In our coder, we choose 



� EMBED Equation.3  ���,



where � EMBED Equation.3  ��� is the macroblock quantization parameter.

Rate-Constrained Mode Decision



We code all macroblocks independently, i.e., the current macroblock mode is chosen given the mode decisions made for the past macroblocks. Rate-constrained mode decision refers to the minimization of the following Lagrangian functional



�embed Equation.2 ���



where � EMBED Equation.3  ��� indicates a mode chosen for a particular macroblock with



�embed Equation.2 ���



and � EMBED Equation.3  ��� is the quantizer being selected for that macroblock. Note that the � EMBED Equation.3  ��� mode refers to the � EMBED Equation.3  ��� mode when the COD bit is set to “1”. � EMBED Equation.3  ��� is the sum of the squared differences between the original block � EMBED Equation.3  ��� and its reconstruction



�embed Equation.2 ���



and � EMBED Equation.3  ��� is the number of bits associated with choosing � EMBED Equation.3  ��� and � EMBED Equation.3  ��� including the bits for the macroblock header, the motion, and all six DCT blocks. � EMBED Equation.3  ��� relates to the reconstructed luminance values corresponding to � EMBED Equation.3  ���. We choose



� EMBED Equation.3  ���,



where � EMBED Equation.3  ��� is the macroblock quantization parameter.

The Algorithm for Rate-Constrained Encoding

The procedure to encode one macroblock � EMBED Equation.3  ��� in a frame with picture coding type INTER in our video codec is summarized as follows.



Given the last decoded frame, � EMBED Equation.3  ���, � EMBED Equation.3  ���, and the quantizer of the previously coded macroblock�

Minimize�                    �embed Equation.2 ��� �with�                           �embed Equation.2 ����where � EMBED Equation.3  ��� equals the quantizer of the previous macroblock.



The computation of � EMBED Equation.3  ��� and � EMBED Equation.3  ��� is straight forward. The cost for the � EMBED Equation.3  ��� and the � EMBED Equation.3  ��� mode, � EMBED Equation.3  ��� and � EMBED Equation.3  ���, respectively are computed by minimizing 



�embed Equation.2 ���



for one motion vector in case of � EMBED Equation.3  ��� mode and 4 motion vectors in case of � EMBED Equation.3  ��� mode.

Remaining Coder Parts

All remaining coder parts are operated as described in the TMN-8 document.

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.

A first 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��

�



Container Ship (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�4.65�27.82�4.71�27.85�4.56�28.00�4.78�27.87��15�10.15�29.69�10.15�29.68�9.76�29.87�10.07�29.86��10�19.21�31.74�19.14�31.76�17.97�31.89�18.36�31.84��7�33.49�34.04�33.08�34.03�30.83�34.19�30.94�34.12��5�55.04�36.32�54.88�36.34�50.77�36.38�50.69�36.36��4�72.92�37.45�72.55�37.47�67.85�37.49�67.07�37.55��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�4.69�28.05�4.83�27.86�4.93�27.79�4.92�27.79��15�9.74�29.89�10.14�29.86�10.45�29.77�10.52�29.78��10�18.04�31.91�18.33�31.85�18.96�31.77�19.03�31.76��7�30.65�34.21�30.96�34.13�31.68�34.01�31.59�34.02��5�50.60�36.39�50.88�36.36�51.58�36.24�51.19�36.26��4�67.69�37.49�67.21�37.55�67.95�37.39�67.89�37.42��



Container Ship (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.17�28.23�6.25�28.26�6.21�28.14�6.50�28.03��15�12.13�29.92�12.21�29.97�11.91�29.95�12.54�29.85��10�21.25�31.99�21.20�32.02�20.94�32.01�21.48�31.86��7�36.62�34.27�36.43�34.29�35.86�34.31�36.51�34.16��5�60.54�36.52�60.08�36.55�58.99�36.51�59.99�36.35��4�79.22�37.65�78.56�37.67�77.44�37.61�77.76�37.53��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.28�28.20�6.64�28.07�6.89�27.88�7.08�27.86��15�12.02�29.94�12.72�29.87�12.90�29.77�13.14�29.77��10�20.97�32.03�21.48�31.88�21.78�31.84�21.79�31.86��7�35.77�34.28�36.43�34.18�36.65�34.11�36.82�34.12��5�58.97�36.50�59.90�36.35�59.21�36.32�59.37�36.32��4�77.30�37.62�77.74�37.52�77.20�37.47�77.38�37.47��







��





 ��

Foreman (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�20.82�27.42�18.37�27.49�18.92�27.67�19.11�27.55��15�39.30�30.03�35.40�30.05�34.54�30.31�35.55�30.19��10�65.02�32.15�59.23�32.15�55.76�32.45�57.35�32.37��7�103.87�34.35�94.95�34.35�87.31�34.63�90.02�34.56��5�157.01�36.52�144.11�36.47�131.79�36.72�135.15�36.67��4�199.16�37.65�185.30�37.62�167.56�37.78�170.42�37.77��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�17.95�27.67�18.04�27.55�19.18�27.50�18.08�27.52��15�32.16�30.27�33.28�30.18�35.65�30.09�33.21�30.12��10�52.13�32.45�53.95�32.34�57.20�32.33�53.70�32.29��7�82.12�34.61�84.63�34.52�88.95�34.55�83.92�34.51��5�124.93�36.68�128.64�36.62�133.01�36.67�126.02�36.63��4�159.06�37.73�162.71�37.71�167.72�37.77�159.71�37.73��

Foreman (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�24.03�27.75�21.59�27.90�24.11�27.99�24.54�27.76��15�41.00�30.00�36.04�30.05�38.60�30.23�40.02�30.13��10�66.08�32.01�58.41�32.06�60.27�32.23�62.32�32.13��7�105.25�34.22�93.53�34.23�94.59�34.39�97.78�34.35��5�159.39�36.37�142.82�36.37�143.10�36.46�147.07�36.47��4�200.49�37.44�180.40�37.43�180.66�37.50�184.25�37.52��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�23.20�28.06�23.59�27.81�24.55�27.67�23.44�27.72��15�36.16�30.26�37.79�30.14�39.54�30.09�37.37�30.09��10�56.41�32.23�58.69�32.15�61.29�32.16�57.64�32.16��7�88.94�34.39�92.59�34.34�95.63�34.37�90.54�34.36��5�135.28�36.45�139.83�36.45�143.63�36.49�136.28�36.47��4�171.36�37.49�175.66�37.50�180.36�37.52�171.67�37.51��







��





��

Hall Monitor (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.36�28.91�6.35�28.88�5.87�28.97�5.85�29.13��15�12.28�30.43�12.32�30.40�10.74�30.49�10.73�30.67��10�20.32�32.14�20.43�32.14�17.84�32.26�17.62�32.37��7�32.22�34.66�32.19�34.65�28.46�34.75�28.20�34.79��5�47.85�37.07�48.10�37.08�43.08�37.19�42.63�37.21��4�60.61�38.29�60.57�38.28�55.15�38.36�53.52�38.41��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�5.98�28.92�5.83�29.16�5.93�28.97�5.95�28.99��15�10.84�30.50�10.79�30.69�10.94�30.51�10.92�30.53��10�17.89�32.27�17.67�32.35�18.05�32.23�18.10�32.23��7�28.40�34.69�28.05�34.78�28.63�34.69�28.64�34.72��5�43.26�37.18�42.57�37.15�43.75�37.04�43.68�37.06��4�55.04�38.27�53.30�38.40�54.98�38.29�55.05�38.26��



Hall Monitor (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.79�29.12�6.82�29.11�6.85�29.16�6.85�29.31��15�12.70�30.62�12.82�30.59�12.27�30.66�12.33�30.79��10�21.53�32.66�21.59�32.61�20.49�32.70�20.68�32.62��7�35.59�35.17�35.75�35.13�33.74�35.13�34.13�35.02��5�55.88�37.60�56.03�37.57�53.41�37.59�53.64�37.30��4�69.81�38.81�69.92�38.79�67.38�38.80�66.17�38.67��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�7.02�29.15�6.93�29.29�7.10�29.12�7.33�29.06��15�12.32�30.66�12.35�30.77�12.69�30.68�12.70�30.67��10�20.56�32.65�20.75�32.58�20.90�32.56�20.94�32.54��7�33.93�35.14�34.53�34.99�34.62�35.00�34.51�34.98��5�53.62�37.56�53.67�37.27�53.62�37.32�53.90�37.27��4�67.55�38.76�66.14�38.64�66.24�38.64�66.43�38.61��





��





��



Mother & Daughter (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.36�27.76�6.33�27.78�6.23�27.86�6.20�27.84��15�14.27�29.82�13.92�29.88�13.47�30.03�13.62�29.98��10�28.30�31.70�27.74�31.76�26.07�31.92�26.65�31.87��7�53.35�33.91�52.28�33.94�47.57�34.08�49.13�33.98��5�90.04�36.16�88.61�36.19�79.53�36.29�81.93�36.23��4�118.50�37.35�116.58�37.36�105.04�37.44�106.99�37.44��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�6.26�27.85�6.24�27.83�6.29�27.72�6.32�27.71��15�13.56�30.03�13.70�29.95�14.13�29.87�14.14�29.83��10�26.05�31.93�26.74�31.86�27.21�31.77�27.35�31.76��7�47.62�34.09�49.22�33.99�49.23�33.91�49.32�33.90��5�79.56�36.29�82.16�36.23�81.14�36.16�81.26�36.16��4�104.74�37.45�107.18�37.44�105.56�37.37�105.87�37.37��



Mother & Daughter (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�7.69�28.01�7.61�28.07�7.87�28.08�7.95�28.06��15�16.11�29.97�15.81�30.04�15.55�30.07�16.07�29.95��10�30.86�31.87�30.23�31.92�29.30�31.94�30.47�31.79��7�56.66�34.09�55.74�34.11�53.38�34.11�55.48�33.98��5�94.00�36.31�92.48�36.34�88.13�36.32�90.88�36.20��4�121.80�37.48�119.93�37.50�115.05�37.48�117.01�37.41��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�7.97�28.13�8.06�28.07�8.14�27.95�8.24�27.97��15�15.64�30.07�16.19�29.94�16.19�29.89�16.34�29.89��10�29.30�31.95�30.48�31.79�30.38�31.75�30.37�31.75��7�53.44�34.13�55.50�33.98�54.90�33.94�54.92�33.94��5�88.03�36.33�91.16�36.20�89.41�36.18�89.40�36.18��4�114.63�37.49�117.03�37.41�115.21�37.39�115.26�37.39��





��





��

News (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�9.99�27.94�10.12�27.99�9.50�28.07�9.41�28.08��15�19.88�29.84�19.84�29.87�18.34�29.95�17.94�30.02��10�34.19�31.86�34.05�31.86�31.23�31.97�30.40�31.99��7�54.97�34.14�54.85�34.16�49.77�34.22�48.45�34.34��5�82.48�36.61�82.12�36.60�74.77�36.62�72.87�36.80��4�103.66�37.83�103.50�37.87�94.54�37.84�92.03�38.00��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�9.58�28.09�9.36�28.07�9.81�27.89�9.71�27.90��15�18.27�29.96�17.94�29.99�18.75�29.86�18.78�29.86��10�31.28�31.94�30.31�31.99�31.80�31.85�31.69�31.83��7�49.82�34.26�48.61�34.35�50.18�34.22�49.99�34.23��5�74.80�36.64�72.91�36.79�74.64�36.63�74.99�36.66��4�94.24�37.86�91.72�38.00�94.07�37.85�94.37�37.84��



News (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�10.85�28.20�10.80�28.20�11.62�28.21�11.48�28.08��15�21.12�29.95�20.94�29.98�21.02�29.98�20.84�29.99��10�35.77�31.95�35.53�31.97�34.81�32.00�34.56�31.95��7�57.34�34.29�57.16�34.33�55.68�34.27�55.33�34.34��5�85.64�36.81�85.40�36.81�83.16�36.75�82.39�36.76��4�106.52�37.96�105.93�37.97�104.12�37.95�101.81�37.96��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�11.70�28.23�11.51�28.09�12.20�27.94�12.33�27.91��15�21.13�29.97�20.81�30.04�21.48�29.92�21.69�29.88��10�35.04�32.02�34.57�31.96�35.24�31.92�35.40�31.91��7�55.78�34.33�55.25�34.33�56.12�34.29�56.12�34.30��5�83.38�36.75�82.18�36.77�83.29�36.71�83.56�36.71��4�103.91�37.93�101.62�37.97�103.50�37.91�103.62�37.88��





��





��

Silent Voice (QCIF, SKIP=2):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�9.46�28.45�9.34�28.38�8.98�28.56�8.89�28.69��15�18.01�29.90�17.94�29.93�16.73�30.03�16.57�30.15��10�30.52�31.58�30.31�31.60�27.59�31.68�27.68�31.66��7�49.15�33.79�49.02�33.78�43.80�33.82�44.14�33.86��5�74.98�36.05�74.82�36.05�66.14�36.08�66.96�36.07��4�94.88�37.23�94.75�37.23�83.77�37.17�84.42�37.22��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�8.89�28.53�8.79�28.70�8.84�28.61�8.83�28.59��15�16.65�30.02�16.43�30.15�16.72�30.06�16.62�30.06��10�27.48�31.67�27.49�31.65�27.57�31.59�27.38�31.58��7�43.50�33.85�43.75�33.86�43.79�33.79�43.73�33.78��5�66.11�36.06�66.69�36.05�66.38�35.99�66.18�35.97��4�83.38�37.15�84.25�37.23�83.85�37.13�83.49�37.13��



Silent Voice (QCIF, SKIP=2):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�10.56�28.54�10.62�28.53�11.27�28.56�11.24�28.69��15�18.51�29.85�18.38�29.87�18.44�29.94�18.72�30.10��10�30.92�31.68�30.63�31.67�29.92�31.72�30.47�31.75��7�50.25�33.78�49.94�33.78�48.00�33.81�49.28�33.91��5�76.69�36.19�76.63�36.16�73.21�36.14�75.01�36.16��4�96.07�37.37�95.56�37.34�92.02�37.33�93.15�37.35��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�11.39�28.59�11.33�28.69�11.38�28.59�11.40�28.63��15�18.54�29.92�18.80�30.08�18.52�30.04�18.66�30.03��10�30.06�31.72�30.57�31.72�30.00�31.69�30.07�31.68��7�48.15�33.78�49.44�33.90�48.47�33.87�48.49�33.84��5�73.24�36.13�75.30�36.14�73.92�36.11�74.09�36.08��4�92.21�37.29�93.46�37.35�91.90�37.28�92.41�37.25��





��





�







�Foreman (CIF, SKIP=1):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�88.98�28.75�79.16�28.79�85.20�28.87�85.85�28.87��15�160.61�31.06�141.53�31.09�150.10�31.25�153.26�31.23��10�268.06�33.00�238.79�33.00�245.65�33.19�250.13�33.19��7�439.92�34.98�396.88�34.99�398.37�35.18�403.02�35.19��5�688.43�36.95�627.84�36.94�619.09�37.10�625.30�37.12��4�885.14�38.01�812.17�37.98�797.16�38.13�801.74�38.15��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�76.93�28.91�76.77�28.90�86.12�28.75�77.19�28.78��15�133.97�31.25�137.05�31.24�154.59�31.14�138.38�31.15��10�219.84�33.19�225.05�33.17�251.74�33.13�226.78�33.11��7�359.98�35.17�365.88�35.17�402.65�35.16�366.22�35.14��5�564.93�37.09�573.05�37.09�621.55�37.10�570.20�37.06��4�729.64�38.08�737.82�38.09�796.79�38.12�734.60�38.07��



Foreman (CIF, SKIP=1):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�114.49�29.27�102.02�29.45�117.48�29.34�118.58�29.28��15�175.45�31.17�150.84�31.30�172.21�31.28�177.10�31.29��10�277.94�32.89�236.86�32.98�264.76�33.04�272.46�33.05��7�452.23�34.86�390.28�34.90�425.84�34.96�435.12�35.01��5�702.94�36.81�614.89�36.82�660.88�36.86�672.33�36.93��4�895.25�37.80�786.67�37.82�844.46�37.85�855.71�37.89��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�106.65�29.52�107.59�29.39�118.80�29.09�107.90�29.21��15�150.53�31.39�155.87�31.35�176.92�31.20�155.83�31.27��10�231.65�33.10�239.89�33.08�269.77�33.03�237.33�33.07��7�376.39�34.99�387.77�35.01�428.08�35.00�381.30�35.02��5�591.46�36.88�605.91�36.93�660.21�36.92�594.58�36.92��4�757.99�37.86�774.28�37.89�840.10�37.88�760.01�37.88��





��





�

�Paris (CIF, SKIP=1):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�51.79�26.40�51.29�26.43�49.30�26.49�49.07�26.46��15�114.98�28.53�114.27�28.52�105.18�28.62�104.73�28.64��10�202.70�30.73�201.91�30.73�182.20�30.81�181.69�30.80��7�326.90�33.24�325.42�33.25�292.29�33.37�293.27�33.32��5�488.19�35.82�486.81�35.83�438.41�35.88�440.87�35.83��4�610.39�37.17�608.63�37.17�550.83�37.18�550.57�37.21��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�48.98�26.49�49.16�26.47�50.34�26.25�50.01�26.29��15�105.11�28.62�104.82�28.61�107.06�28.48�106.70�28.48��10�181.97�30.82�181.57�30.81�183.91�30.67�183.84�30.67��7�291.78�33.36�293.04�33.31�294.62�33.22�294.54�33.21��5�437.88�35.89�440.27�35.83�440.56�35.72�440.32�35.71��4�550.02�37.19�550.07�37.20�551.27�37.05�551.37�37.05��



Paris (CIF, SKIP=1):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�58.06�26.63�57.71�26.69�59.65�26.64�60.59�26.49��15�121.92�28.74�121.26�28.76�118.85�28.76�120.49�28.62��10�209.80�31.05�208.48�31.06�200.65�31.07�203.79�30.90��7�339.34�33.61�337.82�33.63�322.81�33.63�331.33�33.44��5�507.61�36.20�505.66�36.20�483.35�36.20�498.13�35.94��4�630.84�37.56�628.63�37.56�603.44�37.55�609.88�37.43��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�60.06�26.65�60.90�26.51�62.74�26.31�63.15�26.32��15�118.62�28.77�120.59�28.64�122.03�28.55�122.63�28.54��10�200.82�31.07�203.83�30.90�203.83�30.85�204.24�30.82��7�322.54�33.65�331.69�33.44�329.13�33.40�329.00�33.41��5�482.75�36.20�497.60�35.95�492.77�35.93�493.16�35.92��4�602.51�37.54�609.25�37.44�606.03�37.39�606.16�37.39��





��





�

�Silent Voice (CIF, SKIP=1):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�37.75�29.39�37.30�29.41�36.44�29.51�35.83�29.68��15�67.30�30.72�66.78�30.73�64.28�30.82�63.59�30.95��10�110.46�32.12�110.18�32.12�103.94�32.21�103.49�32.21��7�179.50�34.03�178.60�34.03�164.64�34.09�165.60�34.11��5�280.45�36.06�279.68�36.07�254.30�36.10�257.04�36.09��4�362.08�37.23�361.20�37.24�327.99�37.21�330.07�37.22��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�36.16�29.49�35.42�29.71�35.71�29.62�35.16�29.63��15�63.61�30.81�63.26�30.96�63.50�30.88�62.85�30.89��10�103.08�32.20�102.74�32.20�103.61�32.16�102.89�32.13��7�163.71�34.11�164.93�34.10�165.66�34.04�164.58�34.04��5�252.83�36.10�255.94�36.08�255.08�36.02�254.11�36.02��4�325.69�37.23�328.62�37.22�327.71�37.13�326.62�37.13��



Silent Voice (CIF, SKIP=1):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�46.69�29.64�45.68�29.66�48.72�29.68�48.13�29.88��15�71.99�30.70�70.69�30.72�72.59�30.76�72.65�30.95��10�114.97�32.27�112.59�32.26�113.22�32.29�114.89�32.36��7�187.38�34.21�184.47�34.20�181.72�34.21�187.00�34.27��5�293.83�36.43�290.06�36.42�283.42�36.41�293.44�36.35��4�374.27�37.61�369.79�37.61�362.94�37.58�371.64�37.55��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��QP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��25�48.18�29.68�47.41�29.87�48.29�29.77�48.10�29.77��15�70.92�30.75�71.38�30.93�71.95�30.90�70.87�30.89��10�111.13�32.28�113.18�32.35�113.14�32.34�111.51�32.31��7�179.26�34.21�185.03�34.26�183.67�34.23�181.06�34.22��5�280.12�36.39�291.49�36.35�288.86�36.31�286.58�36.30��4�358.91�37.57�368.69�37.54�366.81�37.49�363.83�37.48��





��





�

�

A second set of rate distortion curves is presented by varying the frame skip using the following conditions:

QINTER�10��Frame Skip�0, 1, 2, 3��Resolution�QCIF��Sequences�Mother and Daughter

Silent Voice��

 

Mother & Daughter (QCIF, QUANT=10):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�46.00�31.64�45.40�31.71�43.64�31.84�45.46�31.71��1�34.38�31.69�33.72�31.74�31.98�31.90�32.81�31.80��2�28.30�31.70�27.74�31.76�26.07�31.92�26.65�31.87��3�24.58�31.73�23.99�31.78�22.44�31.95�22.66�31.91��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�43.73�31.86�45.66�31.71�46.69�31.64�47.05�31.60��1�32.08�31.91�32.94�31.81�33.71�31.72�33.80�31.71��2�26.05�31.93�26.74�31.86�27.21�31.77�27.35�31.76��3�22.43�31.97�22.81�31.90�23.18�31.80�23.28�31.80��



Mother & Daughter (QCIF, QUANT=10):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�56.32�31.92�55.50�31.97�54.17�31.95�58.22�31.65��1�38.95�31.89�38.09�31.94�37.02�31.96�38.75�31.74��2�30.86�31.87�30.23�31.92�29.30�31.94�30.47�31.79��3�26.02�31.86�25.61�31.90�24.72�31.92�25.52�31.80��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�54.06�31.97�58.27�31.65�58.15�31.60�58.23�31.61��1�36.95�31.98�38.92�31.75�38.77�31.71�38.79�31.70��2�29.30�31.95�30.48�31.79�30.38�31.75�30.37�31.75��3�24.76�31.94�25.60�31.81�25.41�31.78�25.51�31.78��









Silent Voice (QCIF, QUANT=10):  rate-distortion-optimized coder

�Baseline�Annex D�Annex F�Annex J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�53.29�31.50�52.99�31.53�48.11�31.63�48.28�31.62��1�37.94�31.57�37.90�31.54�34.42�31.64�34.40�31.63��2�30.52�31.58�30.31�31.60�27.59�31.68�27.68�31.66��3�25.74�31.58�25.77�31.58�23.42�31.64�23.32�31.65��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�48.15�31.63�48.17�31.61�48.86�31.52�48.91�31.54��1�34.12�31.64�34.21�31.64�34.56�31.55�34.37�31.56��2�27.48�31.67�27.49�31.65�27.57�31.59�27.38�31.58��3�23.42�31.64�23.33�31.63�23.42�31.58�23.17�31.58��



Silent Voice (QCIF, QUANT=10):  UBC TMN-3.1.1 coder

�Baseline�Annex D�Annex F�Annex J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�56.35�31.74�56.00�31.77�54.37�31.79�55.44�31.70��1�38.88�31.68�38.84�31.71�37.82�31.74�38.39�31.73��2�30.92�31.68�30.63�31.67�29.92�31.72�30.47�31.75��3�25.97�31.65�25.72�31.64�25.29�31.69�25.56�31.73��

�Annex D & F�Annex D & J�Annex F & J�Annex D & F& J��SKIP�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]�Rate

[kbps]�PSNR

[dB]��0�54.61�31.81�55.79�31.70�55.04�31.69�55.16�31.70��1�37.84�31.74�38.63�31.73�37.85�31.70�38.08�31.71��2�30.06�31.72�30.57�31.72�30.00�31.69�30.07�31.68��3�25.30�31.67�25.59�31.70�25.29�31.68�25.19�31.66��
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