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1. Motivation
Corrupted video bitstreams due to transmission error can reach the video decoder in certain situations. When the erroneous bitstream segment representing a frame is discarded, the video decoder has a number of options to deal with the lost frame. Among them, simply copying from the previous decoded frame, or so called “frame-copy” error concealment scheme, is a commonly adopted practice. It is easy to implement and performs fairly well for video sequences with little motion. However, it often fails for sequences with active motion fields. When this happens, “frame-copy” produces low PSNR values as well as annoying error propagation artefacts. Sometimes the severe quality drop can overwhelm the performance difference among different competing schemes focusing on other aspects but employing “frame-copy” to conceal lost frames.
2. “Motion-Copy” Error Concealment
One possible solution is to use “motion-copy” error concealment scheme. With “motion-copy”, the frame to be concealed is assigned to have the same motion field as the previously decoded frame. Motion compensation is then performed to obtain the concealed frame with respect to the decoded frame. In the cases when multiple reference frames are used, before assignment, the motion vectors in the previous decoded frame can be rescaled to have the same reference frame according to the temporal distance.

 “Motion-copy” uses existing modules of a compliant video decoder, so it is easy to implement. Meanwhile, it maintains the same complexity level as decoding a normal frame.  On the other hand, although “motion-copy” does not require much overhead in terms of implementation and complexity, it provides performance improvement over “frame-copy” as shown in the next section. 

3. Experimental Results
Figures 1 and 2 present the performance comparison between “motion-copy” and “frame-copy” for a concealed frame. Two video sequences, “football” and “table_tennis” (qcif, 30 fps) are coded with Baseline Profile, where only the first frame is an IDR slice and the rest are coded as P slices. Each time one frame is dropped and the frame is concealed by “motion-copy” and “frame-copy”. The process is repeated for each frame in the chosen sequence segments. The PSNR values shown for each frame is the PSNR for the luma component when that frame alone is lost and concealed. It can be seen that “motion-copy” performs better than “frame-copy” most of the time, with an average gain of 2.27 dB/frame for football sequence, and 5.08 dB/frame for table_tennis sequence. 
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Figure 1 Error concealment performance for football sequence.
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Figure 2 Error concealment performance for table_tennis sequence.
Further experiments are conducted to evaluate their capabilities to stop error propagation. Each time only one frame is dropped and concealed by the two different schemes. The PSNR values of the concealed frame as well as the following 19 decoded frames are averaged. The average PSNR value of the 20 frames is used to measure the effectiveness of stopping error propagation of the schemes. The differences of those values obtained by “motion-copy” and “frame-copy” with concealed frames at different positions are shown in Figures 3 and 4 for two sequences, respectively. On average, “motion-copy” provides 2.02 dB gain over “frame-copy” for football sequence, and about 3.97 dB gain for table_tennis sequence. 
[image: image3.emf]0 20 40 60 80 100 120 140

-3

-2

-1

0

1

2

3

4

5

6

frame



 PSNR

Football QCIF 30 fps (interval=20)

MC - FC


Figure 3 Error propagation performance for football sequence.
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Figure 4 Error propagation performance for table_tennis sequence.
4. Conclusions
From the above discussion and experimental results, “motion-copy” is shown to be an effective error concealment scheme with low implementation and complexity overhead. 
We propose to add “motion-copy” as a decoder option for error concealment in VAG database for video codec evaluation.  We plan to make the scheme available in H.264/AVC Test Model Software JM9.6 and contribute to the database. Furthermore, more advanced error concealment schemes are currently under development by us for possible future contribution. 



























































































