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Introduction

Reduced Resolution Update mode (RRU / Annex Q), which improves the coding frame rate especially in the highly active scene with static background, was adopted to the current draft.  And in order to achieve the same purpose, Mixed Resolution Reconstruction mode (MRR / proposed in LBC-97-085) was also proposed in Nice meeting.

This contribution reports the simulation results of CIF, RRU, MRR, and also RPR without warping(Annex P in the current draft) for several kinds of sequences in order to evaluate and compare the performance.  This also reports the dependency of the sequences for each coding scheme.



 Annex QRRU mode and MRR mode

In a natural sequence, objects with sudden and unexpected big motion sometimes appear.  When such scenes are encoded for scheIn a real-time and low latency video communication, too much bits are assigned to an frame, and extreme frame dropping or extreme degradation of image quality are caused.  In such a case, Annex Q provide the opportunity to moderate the consumed bits per frame, maintain the coding frame rate, and to avoid the subjective degradation. 

The use of these mode should be decided frame by frame.  Roughly speaking, the subjective impression depends on the frame rate and the individual image quality.  And the image quality is almost determined by the quantizer step size(QP).  Considering from these, we can expect the degradation of the subjective quality from the coding frame rate and QP.  If degradation is detected, we can switch to the low resolution mode.  Otherwise, encoder should not use the low resolution mode.  An example of the switching algorithm is described in the Appendix of Q15aXX, which is used in this simulation.

The following part describes the brief explanation of both Annex Q and MRR modes. 

In Annex Q(RRU) mode, the current draft describes “the portion of the picture covered by a macroblock is twice as wide and twice as high.  Thus, there is approximately one-quarter the number of macroblocks as there would be without this mode.  Motion vector data also refers to blocks of twice the normal height and width, or 32x32 and 16x16 instead of the normal 16x16 and 8x8.  On the other hand, the DCT or texture data should be thought of as describing 8x8 blocks on a reduced resolution version of the picture. To produce the final picture, the texture data is decoded at a reduced resolution and then upsampled to the full resolution of the picture. After upsampling, the full resolution texture image is added to the (already full resolution) motion compensated image to create the image for display and further reference.”

According to the document LBC97085, the MRR mode “starts as RPR by downsampling the reference and current image to half the size (e.g. CIF->QCIF), and then codes the difference image as an ordinary P-Picture at the lower resolution.  The new feature of MRR is that you keep a copy of the previous reconstructed image at the higher resolution and create the current reconstructed image by upsampling solely  the coded macroblocks from the current lower resolution reconstructed image, while the high-resolution pixels corresponding to skipped macroblocks are simply copied from the previous reconstructed high-resolution image.  In this sense it works similarly to the RRU.  Another way of viewing this idea is that a skipped macroblock (COD=1) means that four macroblocks in the high-resolution image are unchanged”.



 Results

 Conditions

 Encoder Option (except Annex Q)

Advanced Prediction		: On

UMV			: On

Other Options		: Off



 Switching conditions

The switching condition is described in the appendix of the document(this condition is also the same as used in the result shown in Nice meeting).  The same switching algorithm is used for RRU(Annex Q), MRR, and RPR(Annex P). 



 Summary of Simulation Conditions



Table  � SEQ Table_ \* ARABIC �1� Summary of Simulation Conditions

Sequence�Bitrate�Rate Control�coding method��Silent Voice�40kbps�TMN6�CIF��(1-300)���with RRU(Annex Q)�����with MRR�����with RPR(Annex P, no warping)��deadline�40kbps�TMN6�CIF��(400-700)���with RRU(Annex Q)�����with MRR�����with RPR(Annex P, no warping)��Mother &�40kbps�TMN6�CIF��Daughter���with RRU(Annex Q)��(600-899)���with MRR�����with RPR(Annex P, no warping)��Foreman�112kbps�TMN6�CIF��(1-300)���with RRU(Annex Q)�����with MRR�����with RPR(Annex P, no warping)��

Results

Table 2 to Table 4 show the simulation results.  These tables include the average Bits/Frame, the average PSNR of each component, and the number of the coded frame.  Figures 1 - 4 also show the comparison of the PSNR of luminance and the number of the  coded frames.



		Table  � SEQ Table_ \* ARABIC �2�  Silent

Coding mode�Bits /

Frame�PSNR

Y�PSNR

Cb�PSNR

Cr�Coded

Frame��CIF�7921.57�30.9700�36.2758�37.7198�56��RRU�6270.42�30.6240�36.3670�37.7887�71��MRR�6195.27�29.0187�36.1544�37.9050�71��RPR�6234.90�28.5998�36.1118�37.8507�71��

		Table  � SEQ Table_ \* ARABIC �3�  Deadline

Coding mode�Bits /

Frame�PSNR

Y�PSNR

Cb�PSNR

Cr�Coded

Frame��CIF�9236.13�30.6827�35.4740�36.2157�60��RRU�8200.48�29.1171�35.2286�35.8582�67��MRR�8117.06�25.2372�34.5197�35.2403�68��RPR�8152.03�25.1015�34.5628�35.2830�68��

Table  � SEQ Table_ \* ARABIC �4�  Mother & Daughter

Coding mode�Bits /

Frame�PSNR

Y�PSNR

Cb�PSNR

Cr�Coded

Frame��CIF�7562.07�33.0136�38.6256�38.3802�58��RRU�6447.41�32.3966�38.4491�38.2178�68��MRR�6359.70�32.0368�38.5045�38.3742�69��RPR�6363.65�31.7022�38.5356�38.3743�69��

		Table  � SEQ Table_ \* ARABIC �5�  Foreman

Coding mode�Bits /

Frame�PSNR

Y�PSNR

Cb�PSNR

Cr�Coded

Frame��CIF�18589.42�31.8245�37.7444�38.7732�62��RRU�17056.00�31.5305�37.7274�38.6227�68��MRR�17176.01�31.4811�37.7544�38.6552�67��RPR�17100.16�31.4699�37.7249�38.6531�68��

 Discussion

In all the sequence, RRU, MRR, as well as RPR improve the number of encoded frame almost in the same way.  However, the PSNR and subjective quality are somewhat different depending on the sequences.

In “Silent Voice” and “Deadline”, the PSNR and the subjective quality of the RRU is the best among the three, because the detailed texture in the background is preserved well during the low resolution mode.  In MRR, the background texture becomes somewhat blur during the low resolution, and the oscillation of the resolution in the background can be seen.  The subjective impression of MRR is better than RPR, however it is closer to that of RPR than that of RRU.

The reason why oscillation is also observed in MRR as well as in RPR is as follows.  The oscillation of the resolution is caused by the successive switching between modes.  the In MRR, once coded (COD=0), this area is up-sampled from the decoded low-resolution picture, and become blur. Once the area becomes blur, there is no chance to be enhanced as long as the low resolution is selected.  And we found that there were coded blocks even in the static background, presumably caused by moving shadows, change of the iris of the camera, and the noise.  This means that MRR seems to be more sensitive to such an effect.  RRU is less sensitive to such effects because only the prediction error is coded.

In “Mother & Daughter”, the PSNR of the RRU is the best among the three.  Because this sequence has less texture than “Silent Voice” and “Deadline” in the background, the difference of the subjective impression is not so large.  However, the texture of the “Picture Frame” in the background of this sequence is  preserved well in RRU.

In “Foreman”, there is not big difference in PSNR and the subjective quality between  RRU, MRR, and RPR.  The reason is that almost all area of the picture is always moving, and there is almost no background.  For RPR, there is a possibility to improve the efficiency more, because RPR provides the warping scheme which can compensate the global motion.  Considering from this, RPR will be suitable for the sequence which includes global motion such as “Foreman”.



Conclusion

RRU shows the better performance than MRR in the sequence which includes the highly active foreground and the static background simultaneously.  On the other hand, RPR without warping show almost the same performance in a scene which includes the global motion and no static background.  If warping is also used in RPR, there is a possibility to improve the efficiency in such a scene.
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Fig.  � SEQ Fig._ \* ARABIC �1� PSNR and Number of Coded Frame in Silent Voice
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Fig.  � SEQ Fig._ \* ARABIC �2� PSNR and Number of Coded Frame in Deadline
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Fig.  � SEQ Fig._ \* ARABIC �3� PSNR and Number of Coded Frame in Mother&Daughter 
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Fig.  � SEQ Fig._ \* ARABIC �4� PSNR and Number of Coded Frame in Foreman 
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