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1. Introduction
In this contribution we present some alternative objective measures to better understand video quality issues under the error prone transmission environments. We will start by addressing the traditional metric (average PSNR) and then propose new objective criteria that we believe correlate better to human perception.
2. Traditional Objective Measure
For a color video, the traditional method in video coding is to compute the average Peak Signal-to-Noise Ratio (PSNRavg) of a luminance component as defined below.

distt = Σj Σk (MSE(xj,k,yj,k))

PSNRavg = (Σt 10 log10(255 x 255 / distt)) / N
where xj,k and yj,k are the pixel values of the original and reconstructed frames at time t, respectively, N is the total number of frames, MSE(a,b) is the mean square error between value a and b. Some implementations use, Sum of Absolute Different, SAD(a,b),  instead due to complexity issues. 
PSNRavg has been used extensively in the field.
3. Objective Metrics For Error-prone Conditions
It is very well known that PSNRavg does not correlate well with perceptual quality of reconstructed video sequences, particularly in error prone environment. We present three alternative objective measures here.

3.1 Error-propagated duration percentage
The first proposed measure is based on percentage of corrupted duration of the video sequence due to packet losses. We first run the simulations without introducing losses to get average PSNR in error-free environment. Next we run the simulations while introducing losses. Let us define ti(1) as the starting point in time that the PSNR is dropped more than x dB compared to the PSNR at the same time when compared to the error-free case. Similarly, ti(2) is defined as an ending point in time when PSNR recovers to within x dB of the PSNR in error-free condition. Ti is defined as the error-propagation duration,, i.e., Ti = ti(2) - ti(1).If we add all these error intervals, that provides a metric which provides information about the duration of the clip that suffered due to packet losses, i.e.,  E = ∑iTi / T * 100, where T is defined as the entire duration, is the percentage error propagated duration. For example, as shown in Figure 1, Case B provides lower error-propagated duration percentage compared to Case A, i.e., EB  <  EA. This metric is motivated from the fact that if the reconstructed clip is subject to longer corrupted duration, it will severely affect the human-visual perception. Regardless of how good it is during un-corrupted duration, it may still be unsatisfactory.
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Figure 1: Example of PSNR trace in error-prone environment
3.2 Average PSNR in Clean and Error-propagated durations
Traditional objective measure computes the average PSNR from the entire duration as shown in Section 2. We propose to calculate two separate average PSNRs. One is the average PSNR during the total error-propagated duration and the other is one during the rest of the time as shown below.
PSNRavg(Error) i = (Σe 10 log10(255 x 255 / diste)) / Ne 
PSNRavg(Clean) i = (Σc 10 log10(255 x 255 / distc)) / Nc
where e and c are defined as the time during error-propagated duration(s) and the error free duration(s) as defined in Section 3.1. Furthermore, Ne and Nc are the total durations in error-prone condition and error free conditions, respectively. 
For example, for Case A, e is from tA(1) to tA(2) while c is the duration “not” between tA(1) to tA(2). These objective metrics provide better insight on the received video quality by computing PSNR in both good and bad durations separately, rather than considering one global PSNRavg. 
3.3 Variance of PSNR
Last proposed metric is to compute the variance of PSNR as shown below.
Var    = (Σt (PSNRt - Mean)2) / N

where Mean = PSNRavg. This measure gives another point of view to see how variable the PSNR is during the entire sequence.
4. Conclusions
In summary we propose three additional objective metrics to provide a better correlation with subjective video quality in error-prone environments. We recommend considering these measures, i.e., error-propagation duration percentage, separate average PSNR and variance of PSNR, when assessing  video quality in error-prone conditions. 
