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1. Summary
This document presents different objective metrics for H.263+ and H.264/AVC in a simulated MBMS environment. The simulation setup/conditions for both H.263+ and H.264/AVC are similar. FEC encoding and decoding are also implemented in the simulation setup. Results are provided for different bitrates in both error free and error prone conditions. Results are also provided when both FEC is used to protect video data and when FEC is not used. 
The proposed objective metrics facilitate specification of minimum performance requirements for a test video codec in clean and error prone conditions for different services, against a reference video codec.
2. Introduction
S4-050121 proposed several alternative objective metrics (other than the traditional PSNR metric) for evaluating video codecs to better understand video quality issues under the error prone transmission environments. In this contribution MBMS simulation results for the following objective metrics (in addition to average PSNR) are presented in both error free and error prone conditions for H.264/AVC and H.263+ video codecs. 
· standard deviation of PSNR (STD_PSNR) 

· error propagation duration (EP) 
Additional objective metrics (e.g. PSNR of the average MSE) may be considered for Rel-7 WID on Video Codec Performance Requirements. While the impact of channel errors on decoded video quality is not completely captured by only the average PSNR, the use of different objective metrics help in better understanding the degradation introduced due to channel errors. This set of objective metrics is proposed for minimum performance requirements for 3GPP video codec implementations.   
3. Simulation Setup


[image: image1]
Figure 1: Simulation setup block diagram
The simulation setup is shown in Figure 1. The encoded video RTP stream is taken by the error mitigation encoder and FEC protection packets are generated. The output of the error mitigation encoder conforms to TS26.346 (FEC RTP packetization). In addition every RTP packet contains 8 bytes of header as required by the network simulator developed by VCEG [1]. The network simulator drops packets based on the specified error mask. The output of the network simulator is given to the error mitigation decoder which implements FEC decoding. The output of the error mitigation decoder (possibly with lost RTP packets) is used by the video decoder to generate the reconstructed video sequence. The objective metrics are calculated between this decoded video sequence and the original video sequence.

4. Simulation parameters

4.1. H.263+ and H.264/AVC

The maximum slice size was set to 628 bytes. 2 bytes were used to indicate the RTP packet length as mentioned in TS26.346. No rate control was used. Instead constant QP was used for the entire video sequence. The bitrate for H.263+ was approximately 50% more than the bitrate for H.264/AVC. Trial and error was used to match the H.263+ and H.264 bitrates. To conceal losses, a simple error concealment method, copy from collocated MB in previous frame was used. There was no frame skipping, i.e., all input frames were encoded. For H.263+ Annexes I,J,K and T were turned on. Every 30th frame was coded as an I or IDR frame for H.263+ and H.264/AVC respectively.
4.2. FEC

A systematic Reed-Solomon code was used. Source symbol sizes were set to 630 bytes. 5 bytes were used for FEC RTP headers. One (1) sec of delay was assumed for FEC channel coding. 
4.3. Network conditions

The PDU sizes were assumed to be 640 bytes. The channel BLERs used are 1.5% and 10%. The MBMS error mask provided in S4-040803 was used to inject packet losses. It is assumed that 5 bytes are adequate for RoHC headers, as presented in S4-040812.
4.4. Video sequences

Three QCIF video sequences football, paris and foreman were used to generate the results. The coded sequences are between 125 and 150 frames long.

4.5. Test Conditions for Minimum Performance Requirements
To define minimum performance requirements for a test video encoder/decoder pair, a set of conditions need to be specified, e.g., video clips, error masks for different BLERs. These can be specifically tailored to different services, e.g., the use of FEC can be recommended for MBMS video codec evaluation. Additionally, tolerances on these objective metrics for a given video codec when compared to reference video codec need to be defined. 
5. Results

Since FEC was implemented, padding bytes have to be used to construct source symbols. However, since we want to compare the performance of video codecs, the padding bytes were not included in the bitrate calculations. Also, the 8 bytes required by the network simulator were not included in the bitrate calculation as these would not be present in a real system.

The different objective metrics for football, foreman and paris video sequences are shown in Figures 2-10. It is clear that as channel conditions changes (from clean to 1.5% BLER to 10% BLER) STD_PSNR gets higher indicating more variation in video quality as the channel condition degrades. Similarly EP also becomes larger (indicating longer durations of degraded video playback) as the channel condition worsens. 
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Figure 2: Average PSNR for H.264 and H.263+ in clean and error-prone conditions for football QCIF video sequence
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Figure 3: Standard deviation of PSNR for H.264 and H.263+ in clean and error-prone conditions for football QCIF video sequence
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Figure 4: Error propagation duration for H.264 and H.263+ in error-prone conditions for football QCIF video sequence
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Figure 5: Average PSNR for H.264 and H.263+ in clean and error-prone conditions for foreman QCIF video sequence
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Figure 6: Standard deviation of PSNR for H.264 and H.263+ in clean and error-prone conditions for foreman QCIF video sequence
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Figure 7: Error propagation duration for H.264 and H.263+ in error-prone conditions for foreman QCIF video sequence
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Figure 8: Average PSNR for H.264 and H.263+ in clean and error-prone conditions for paris QCIF video sequence
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Figure 9: Standard deviation of  PSNR for H.264 and H.263+ in clean and error-prone conditions for paris QCIF video sequence
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Figure 10: Error propagation duration for H.264 and H.263+ in error-prone conditions for paris QCIF video sequence

Figure 11 shows the different objective metrics for football sequence encoded using H.264/AVC for the 1.5% BLER with no FEC case. It can be observed that relying only on PSNR metric in error prone conditions might not be sufficient to evaluate video quality. Notice that the average PSNR for the 3 different rates (167, 208 and 291 kbps) is almost the same. This might at first suggest that the decoded video for the different bitrates will be perceived similarly by the user. However, it can be observed that for the highest rate (291 kbps) both the STD_PSNR and the EP are higher than the other two rates indicating that the quality of the decoded video is actually worse at this bitrate rate (more variation in video quality and longer durations of degraded video quality).
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 Figure 11: Objective metrics for H.264 with 1.5% BLER for football QCIF video sequence
PSNR traces for different channel conditions for the three video clips are shown in Figures 12-14. It can be noticed that FEC cleans up almost all the errors for 1.5% BLER.
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Figure 12: PSNR trace for football QCIF video sequence encoded with H.264 video codec
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Figure 13: PSNR trace for foreman QCIF video sequence encoded with H.264 video codec
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Figure 14: PSNR trace for paris QCIF video sequence encoded with H.264 video codec

6. Conclusions
Results for two objective metrics, standard deviation of PSNR (STD_PSNR) and error propagated duration (EP) were presented for both H.263+ and H.264/AVC video codecs; in error free and error prone conditions; with and without FEC.  It was observed that traditional average PSNR alone is not adequate for evaluating video codecs in error prone conditions. The proposed metrics provide additional insight to video codec related issues in error prone conditions.

7. Recommendation

It is proposed that a set of objective metrics (including average PSNR, STD_PSNR, EP) are considered to define minimum performance requirements for video codecs for 3GPP services.
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