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1 Introduction
In this document we propose to add “motion-copy” as a decoder error concealment option to the Video Adhoc Group database [5]. “Motion-copy” error concealment has been presented to the group at the tele-conference call held in June 2005 [2], and it has also been adopted as a non-normative decoder option to the JM reference software at the latest JVT meeting in July 2005 [3]. It provides improvement over other simple error concealment schemes such as “frame copy,” both subjectively and objectively,  without significant complexity overhead. By adding “motion-copy” option to the database, better error concealment performance can be achieved, thus making the video decoder more error resilient.  
Based on [2], this contribution gives more technical details and experimental data about “motion-copy" scheme. Moreover, it also addresses questions raised during the last tele-conference call. 
2 Discussion

Frame loss is a common form of bitstream corruption caused by channel errors for many video transmission applications. The video decoder in such applications should be able to cope with such kind of losses. Among a number of options, error concealment is often used by the decoder to reconstruct a lost or damaged frame. However, error concealment for a lost frame often becomes more difficult due to the lack of spatial neighboring information to be utilized.

“Frame copy” is an often used scheme to conceal a lost frame. With this algorithm, each pixel value of the concealed frame is copied from the corresponding pixel of the previously decoded frame. The concealed frame is used for display and is also placed into the reference picture buffer for use in decoding of subsequent pictures. It performs fairly well for video sequences with little motion. However, for sequences with active motion fields, “frame copy” often produces low PSNR values, as well as annoying error propagation artifacts at following frames. 
With the “motion copy” algorithm proposed, the motion field of a lost frame is first reconstructed by copying from its reference frame. More specifically, for each block in a lost frame, its motion vector and reference indices are copied from those of the co-located block of its reference frame. Notice that even in a P or B frame, there can exist a number of blocks coded in intra mode. For those blocks, there are no motion vectors or reference indices assigned to. They create “holes” in the motion field of the reference frame, which can affect the accuracy of the reconstructed motion field. To address the problem, we propose to assign those blocks in the lost frame to SKIP_P mode. With this mode, the motion information for such a block can be predicted from its neighboring blocks. After the motion field estimation of the missing frame,  motion compensation is performed to reconstruct the frame.
“Motion copy” reuses existing modules of the video decoder and it does not incur extra complexity compared to decoding a normal frame.
3 Experiments
In the first experiment, performance is compared between “frame copy” and “motion copy” for concealed frames. Two video sequences, “football” and “table_tennis” (qcif, 30 fps) are coded with Baseline Profile, frame mode and IPPP… pattern at QP equal to 28. 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 sequences. Figure 1 Error concealment performance for football sequence.and 2 give the PSNR values for the luma component of each frame 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.
In the second experiment, the capability of stopping error propagation is compared between “frame copy” and “motion copy” for the same two coded sequences. Each time only one frame is dropped and it is concealed by the two schemes. The PSNR values of the luma components for the concealed frame as well as the following 19 decoded frames are averaged, and this value is used to measure the effectiveness of stopping error propagation. The difference of those values obtained by “frame copy” and “motion copy” with concealed frames at different positions are shown in Figure 3 Error propagation performance for football sequence.and 4 for the 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. 
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Figure 3 Error propagation performance for football sequence.
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Figure 4 Error propagation performance for table_tennis sequence.
In the third experiment, “frame copy” and “motion copy” are applied to video transmitted over 3GPP UTRAN environment [4]. “foreman” sequence (qcif, 30 fps) is chosen as our test sequence. It is coded with 60 frames per GOP with IPPP… pattern for the first 300 frames, and each frame is coded with QP equal to 34. The sequence is tested at PDU loss rates of 0.5%, 1% and 10%, with the simulator provided in [4]. In order to reduce the loss rate to have meaningful decoding performance, FEC and NAL unit fragmentation [5] are employed. In particular, Raptor FEC overhead of 0.01, 0.03 and 0.30 are applied to the PDU loss rates of 0.5%, 1% and 10%, respectively. At the same time, the maximum RTP packet size is set to 800 bytes for NAL unit fragmentation. 10 simulations are performed to get the results.

By applying the FEC and NAL unit fragmentation, there are only a limited number of cases in which FEC decoding fails and the error concealment schemes are called to recover the lost frames. So if by directly averaging all the decoded frames, those PSNR values from successful decoding cases will dominate the performance. In order to focus on the performance difference between the two schemes, only the frames which are affected by the two schemes during the simulation, either by direct concealment or by error propagation, are included into the calculation. The results are compared for the average PSNR values of those affected frames only. The differences between the average PSNR of "motion coy" and "frame copy" are listed in Table 1 for the luma components and at the three error conditions. At all three PDU loss rates, "motion copy" outperforms "frame copy." Figure 5 shows the concealed frame 122 by the two schemes. Less concealment artifact appears in the frame concealed by “motion copy” than “frame copy.”

Table 1 "Motion copy" vs "frame copy" comparison for UTRAN environment.
	PDU Loss Rate
	
[image: image5.wmf]PSNR

D

 (dB)

	0.5%
	1.27

	1%
	1.96

	10%
	0.54


[image: image6.png]



[image: image7.png]



[image: image8.png]



Original frame.
Frame concealed by
Frame concealed by


frame copy.
motion copy.
Figure 5 Concealed frame 122 of foreman sequence at PDU loss rate 1%.
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Figure 6 Frame-wise comparison for a corrupted GOP.
In Figure 6, PSNR performance is compared frame-wise for a corrupted GOP with 60 frames. As shown in the figure, due to better concealment effect, “motion copy” recovers faster than “frame copy” in terms of PSNR.  
More comparison for the two schemes based on Internet backbone loss patterns can be found in [3] (it is included in the document package). 
4 Conclusions
In this document, we propose to add “motion copy” as an error concealment algorithm to the Video Adhoc Group database. Experimental results have shown that “motion copy” provides improvement over other simple error concealment schemes such as “frame copy,” both subjectively and objectively. Furthermore, it does not incur significant complexity overhead. 

Thomson has proposed “motion copy” at the latest JVT meeting and it has been adopted as a non-normative decoding option to the JM reference software. Thomson has provided “motion copy” software to the JM reference software coordinator. It is expected that the “motion copy” feature will be available in the next release of JM software. We can also provide the software for those companies who are interested in getting it earlier. 
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