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I. Summary


The performance of the H.263+ codec with error resilience features incorporated in [1] is tested using both binary symmetric channel. Significant improvements in both subjective and objective quality were achieved. These results are preliminary and should be viewed with caution. 


II. Testing Methodology and Parameters 


We performed tests on the performance of the proposed error resilient syntax in [1] and [2] with the minor syntax changes and software implementation described in [4]. Figures 1 and 2 show the major differences in the baseline and error resilient syntax respectively. Compared with the results reported at the last meeting in [3], several aspects of the proposed syntax were modified to allow better utilization of data partitioning and RVLC. The error resilient features implemented are completely backward compatible with the existing H.263+ standard by use of a currently reserved bit to signal use of error resilient mode. This allows a fair performance comparison, enabling easy verification by a third party and allows for comparison of the techniques proposed in H.263+ as it evolves. 
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Figure 1: Segmented Error Resilient Mode Bitstream Syntax
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We chose six video sequences based upon the motion information they contained.  They were “Grandma”, “Claire”, “Salesman”, “Container”, “Carphone” and “Foreman”. “Grandma” had the least amount of motion while “Foreman” had quite a large amount of motion. In the tests, each sequence was coded with the both the baseline H.263+ syntax and the proposed error resilient syntax as described in [1] and [2]. Errors were then added and the resulting bitstream was decoded with the corresponding decoder. Reconstructed sequences were then compared to the original sequences and PSNR data was collected.





In order to be able to calculate PSNR data, we did not introduce errors into the picture header portion of the bitstream to avoid dropped frames. 





Our packet length was fixed at 1024 bits per packet for all tests, although the packet length can vary by altering an input argument to the encoder. For improved error resilience, a smaller packet size may be needed.





For each sequence and error condition, 100 frames were coded and 1000 simulations were performed. The results were then averaged and reported in Section III of this document.





Note: The performance of the baseline mode of the UBC codec has been used as benchmark for comparison. We do understand that the baseline mode is not designed for error resilience.


�
III. Results for Binary Symmetrical Channel


Tests are performed with error rates of 5*10-3, 1*10-4, and 2*10-5. 


Improvement of PSNR


PSNR is averaged over the whole sequence.





PSNR for Error Rate of 5*10-3


�
“Grandma”�
“Claire”�
“Salesman”�
“Container”�
“Carphone”�
“Foreman”�
�
Baseline H.263+�
13.3 dB�
11.6 dB�
12.1 dB�
7.6 dB�
10.6 dB�
7.6 dB�
�
H.263+ with proposed ER�
19.9 dB�
15.4 dB�
18.6 dB�
15.3 dB�
17.1 dB�
14.8 dB�
�
PSNR improvement�
+ 5.5 dB�
+ 3.8 dB�
+ 6.5 dB�
+ 7.7 dB�
+ 6.5 dB�
+ 7.6 dB�
�
Figure 3





PSNR for Error Rate of 1*10-4


�
“Grandma”�
“Claire”�
“Salesman”�
“Container”�
“Carphone”�
“Foreman”�
�
Baseline H.263+�
25.3 dB�
21.7 dB�
20.6 dB�
19.4 dB�
17.8 dB�
14.4 dB�
�
H.263+ with proposed ER�
27.9 dB�
26.3 dB�
26.8 dB�
24.9 dB�
24.3 dB�
21.3 dB�
�
PSNR improvement�
+ 2.6 dB�
+ 4.6 dB�
+ 6.2 dB�
+ 5.5 dB�
+ 6.5 dB�
+ 6.9 dB�
�
Figure 4





PSNR for Error Rate of 2*10-5


�
“Grandma”�
“Claire”�
“Salesman”�
“Container”�
“Carphone”�
“Foreman”�
�
Baseline H.263+�
29.9 dB�
30.9 dB�
29.5 dB�
28.9 dB�
25.8 dB�
23.7 dB�
�
H.263+ with proposed ER�
31.9 dB�
33.6 dB�
30.3 dB�
30.3 dB�
29.7 dB�
28.3 dB�
�
PSNR improvement�
+ 2.0 dB�
+ 2.4 dB�
+ 0.8 dB�
+ 1.5 dB�
+ 3.9 dB�
+ 4.7 dB�
�
Figure 5





The large increases in performance are likely due in part to a certain amount of baseline sequences having significant portions of the image hit with errors and appearing green after being decoded 





Reading across the table horizontally, we see the PSNR (both with baseline H.263+ and with H.263+ with error resilience features) generally decreases as motion increases.  This is likely because errors in the motion vectors generally lead to larger PSNR penalties, and as motion increases, the motion vectors take a relatively larger percentage of the bitstream, and are thus proportionally hit with more errors.





PSNR increases as the file size increases when the error resilience feature is invoked. This is due to the motion vectors taking up a majority of the bitrate. The proposed syntax offers more advantages since coding the motion vectors using helps protect and recover the data of the motion vectors in case of errors.





The amount of improvement in PSNR increases as the error rate gets higher. In other words, the noisier the channel, the more advantage one will gain by invoking the error resilience mode. 





The amount of improvement of PSNR saturates at around +7 dB. To get further improvement, one might need to adjust the packet size. The packet size used in all tests was 1024 bits.





Figures 6 and 7 are PSNR histograms for baseline H.263+ and H.263 with error resilient syntax for the sequence “Carphone” at an error rate of 1*10-4. We observe two distinct peaks in the histogram graph of PSNR with baseline H.263+ codec. The peak on the left (at the lower PSNR) is formed when errors hit Motion Vectors. This peak is almost eliminated when the error resilience feature is invoked and the other peak at the higher PSNR essentially stays at the same position. This also shows that errors in motion vectors have a much more severe effect on the degradation of reconstructed image quality than errors in DCT coefficients. Using the error resilience feature largely reduces degradation due to errors in the motion vectors. Subjective image quality and PSNR is improved.  Similar results hold for higher bit error rates as well. To save space, we do not include more figures here. 
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Decay of PSNR as video sequence proceeds


From the tests we observed that after an initial drop PSNR decays smoothly for both baseline and ER mode.  The following graph is an example of the PSNR decay. It is obtained by using the “Container” sequence at an error rate of 1*10-4.





�EMBED Word.Picture.8���Figure 8: PSNR decay as frame advances


Overhead from using the ER feature


The overhead from using the ER features ranges from about +13% to –2%. The ratios for the six sequences we used are listed below.





�
File Size


(without ER)�
Bitrate


(without ER)�
File Size


(with ER)�
Bitrate


(with ER)�
Overhead�
�
“Grandma”�
11287 bytes�
9030 bits/sec�
12737 bytes�
10190 bits/sec�
12.8%�
�
“Claire”�
13467 bytes�
10774 bits/sec�
14944 bytes�
11955 bits/sec�
11.0%�
�
“Salesman”�
18648 bytes�
14918 bits/sec�
20428 bytes�
16342 bits/sec�
9.5%�
�
“Container”�
19344 bytes�
15475 bits/sec�
21405 bytes�
17124 bits/sec�
10.6%�
�
“Carphone”�
45133 bytes�
36106 bits/sec�
48327 bytes�
38662 bits/sec�
7.1%�
�
“Foreman”�
60115 bytes�
48092 bits/sec�
58812 bytes�
47050 bits/sec�
-2.2%�
�
Figure 9





We can see from Figure 9 that the overhead (which includes the extra markers, the last pair of absolute motion vectors, the adoption of the single-thread motion vector prediction, and RVLC for COD+MCBPC) is relatively small for all cases, considering the error resilience improvements provided by the new syntax. It becomes smaller as the file size increases (i.e. there is more motion in the video sequence), as for longer motion vectors, shorter codewords are used in the RVLC table compared to the non-reversible VLC table for motion vectors in the baseline H.263+ syntax. The “Foreman” sequence had the most rapid motion and as a consequence saw the most benefit by using a more efficient code for motion vectors, which outweighed the overhead introduced by extra markers. The total file size gets even smaller than the baseline mode bitstream with no error resilience option turned on. 





IV. Conclusion


The error resilience mode greatly improves the video quality under noisy environment.





The improvement is greater when the error rate is higher or when there is more motion in the sequence.





The overhead one has to pay for using the error resilience feature is relatively small, and the error resilience mode can even be more efficient in some cases.
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