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1 Summary
This document serves as response to documents S4-AHP195 and S4-AHP197. It specifically addresses the problems using an objective measure like the average PSNR when comparing two different codecs under the same transmission conditions. If not carefully applied, the average PSNR leads you into wrong directions. We propose to address the problem of a reasonable objective measure for error-prone video before defining criteria for comparison of different codecs, error-resiliency schemes, error concealment, etc.
2 Definitions

In the following we will exclusively use the luminance component. Assume that after temporal subsampling the encoded video sequence contains N frames indexed by i in the following. Let us define oi, ci, and ri the pixel representation of for the original, the encoded and the reconstructed frame i. Furthermore, we define the mean-square error between the original frame oi and the coded frame ci as di = MSE(oi, ci) and the mean-square error between the original frame oi and the reconstructed frame ri as ei = MSE(oi, ri). Furthermore let us define the transformation of the MSE d in to the PSNR-domain as PSNR(d)=10 log10(255*255/d). 
Then, the average PSNR for the encoded sequence is defined as
· PSNRc = Σi PSNR(di),
and the average PSNR for the reconstructed sequence as 

· PSNRr = Σi PSNR(ei).

Another measure sometimes used in coding is the average MSE or equivalently the PSNR of the average MSE which is defined for the encoded sequence as

·  PSNR(MSEc) = PSNR(Σi di), 

and the average the PSNR of the average MSE which is defined for the encoded sequence as 

· PSNR(MSEr) = PSNR(Σi ei).

The measure of interest considered in documents S4-AHP195 and S4-AHP197 is mainly the average PSNR of the reconstructed sequence, PSNRr. 
3 Discussion
3.1 Assumptions

For simplicity, assume now that we transmit a video packet stream having encoded PSNRc=X dB and due to some smooth rate control all frames have about the same PSNR, i.e. PSNR(di)=X dB.
Assume for simplicity that freeze picture error concealment is applied and in case of error concealment the individual PSNR of a lost frame is 20dB, i.e. PSNR(MSE(oi, ri-1)) = 20dB. Note that usually the concealment PSNR is almost independent of the quality of the frame used for concealment. Finally assume that frames are lost with probability p.
Then, the PSNR of the reconstructed video results in 
· PSNRr = X(1-p) + p20 dB.

The PSNR of the average MSE results in

· PSNR(MSEr) = PSNR(2552((1-p)*10-0.1X+p*10-0.1*20))
In general for reasonable quality we can assume X>30dB.

3.2 Observations

· For the same error probability p in the range of 10% the average PSNR PSNRr mainly depends on the PSNR of the encoded sequence X. Not much information is gained by transmitting over erroneous channels.

· For the same error probability p in the range 10% of the PSNR of the average MSE PSNR(MSEr) mainly depends on the error probability and the concealment quality. Not much information is gained by transmitting over erroneous channels.
· For different error probabilities, e.g. p=0.1% and p=10%, the average PSNR PSNRr is still mainly determined by the PSNR of the encoded sequence. However, do we really think that a sequence with PSNR 33dB and every 1000th frame is not displayed is as bad/good as a sequence with encoding PSNR 34 dB and every 10th frame is not displayed? 
· For different error probabilities, e.g. p=0.1% and p=10%, the PSNR of the average MSE is still mainly determined by the error probability and the concealment quality. Is this a better measure when comparing different error probabilities?
3.3 Further Notes

Things get even more difficult if different packetization modes, e.g. FMO, no FMO, slice interleaving, etc., are compared as averaging over MSE and PSNR gives some strange effects. Just consider the case where in each frame just a little portion is lost. The PSNR of each frame immediately decreases as the MSE is high due to some small erroneous area. Therefore the average PSNR is low. When loosing entire frames, things are different. Single frames have good PSNR, the concealed frames are not weighted strong enough! Or are they? Similar things happen in case of burst errors compared to random errors.

4 Conclusions

We have discussed some issues when using the average PSNR as a quality measure for error-prone video transmission. Due to our experience as well as some initial explanations in this document we conclude that the average PSNR alone cannot serve as an appropriate measure for the quality in error-prone video transmission. We consider to at least also using the PSNR of the average MSE. We think that a considerable amount of work is necessary to find appropriate objective criteria to assess and compare error-prone video, especially within MBMS. The definition of appropriate criteria should be part of the Release 7 work item. No final conclusions should be drawn from average PSNR results.
