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1 Introduction

Nokia documents S4-000495 and S4-000517 handled in TSG SA4 meeting #13 discussed mandatory and optional video codecs and codec profiles for packet switched conversational multimedia applications. This document presents simulation results to support the discussion.

2 Simulation Conditions


ITU-T SG16 Advanced Video Coding Group document Q15-I-60 ("Common Conditions for Video Performance Evaluation in H.324/M error-prone systems") [1] inspired us when designing the conditions for the experiment. The conditions in Q15-I-60 have been widely accepted, and therefore we tried to apply them to the experiment as much as we found reasonable.

A sequence called Foreman was used to represent motion typical to handheld cameras. 4000 frames were coded to avoid the influence of error distribution in the error patterns. The original sequence was looped in order to get a long enough sequence to be coded. In order to avoid abrupt scene cuts, the looping was done as follows: the original sequence was first "played" from the beginning to the end, then it was "played" in reverse order from the end to the beginning, and this procedure was continued until 4000 frames were coded. 

The coded frame rate was 7.5 Hz. Constant frame rate helped to produce comparable results with different coding parameters. Otherwise, if the codec had selected coded frames freely, the objective results would have depended on the positions of the coded frames, and the results for the sequences coded with different coding parameters would not have been easily comparable.

The coded sequences were targeted for approximately 64 kbps throughput. It was assumed that a nearly constant bit-rate of about 48 kbps is available for video, whereas the rest of the available data rate is used for audio and signaling.

A constant quantiser was used throughout the coded sequence. The quantiser resulting into a bit-rate that is closest to the target bit-rate was chosen. A sophisticated bit-rate control was not used, because we felt that such an algorithm is irrelevant to point out the differences between the tested codec profiles and because we did not have any suitable algorithm implemented.

The following codecs and codec profiles were tested:

· H.263 Baseline Profile (Profile 0 of H.263).

· MPEG-4 Visual Simple Profile.

· H.263 Version 2 Interactive and Streaming Wireless Profile (Profile 3 of H.263).

· H.263 Conversational Internet Profile (Profile 6 of H.263).

The full range of coding tools available in the named profiles was used except for profile 6 of H.263, in which we used only one additional reference picture and motion compensation from a single picture only. Thus, the computational cost of the profile 6 experiment was similar to the other tested codec profiles. We believe that enhanced coding efficiency could be achieved if all five reference pictures and multi-picture motion compensation was used. However, due to lack of time, we could not carry out experiments with a fully optimised Profile 6 implementation.

In order to avoid temporal error propagation an adaptive INTRA macroblock refresh algorithm similar to the one described in MPEG-4 Visual Annex E was used.

We tested different picture segmentation strategies: For H.263, a GOB header was inserted for each GOB or for each other GOB. For H.263 profile 3, different slice lengths were also tested. For MPEG-4, different video packet lengths were tested. An H.263 GOB with one GOB header at the beginning, an H.263 slice, and an MPEG-4 video packet is herein referred to as picture segment. Each picture segment was encapsulated to an independent RTP packet.

3G packet switched bearers and the RTP/UDP/IP stack were simulated as follows: Two WCDMA bit error patterns were chosen from the set given in [1] to represent difficult error conditions. The patterns have the following characteristics:

Pattern
BER
Veh. speed

A
5e-4
3 kph

B
1.3e-4
120 kph

Compressed RTP/UDP/IP header was assumed to allocate three bytes. For each RTP packet, a chunk of bit error data was read from the bit error pattern. The size of the chunk is equal to the RTP payload and the three bytes used for the compressed RTP/UDP/IP header. If the bit error data chunk contained bit errors, the packet was discarded, because it was assumed that its UDP checksum would fail in the receiving end.

The correctly received packets were decoded. The same loss concealment algorithm was used for both H.263 and MPEG-4 bit-streams. 

Objective quality measurement was performed by calculating the average PSNR between each and every frame of the source sequence (at full 30 Hz frame rate) and the corresponding reconstructed frame. This implies that four PSNR values were typically calculated for a single reconstructed frame (against different source frames). 
3 Simulation Results

The following table summarises the simulation results:
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Bit error pattern A

Bit error pattern B

Profile

Segment size

Bit-rate

Y PSNR

U PSNR

V PSNR

Y PSNR

U PSNR

V PSNR

Y PSNR

U PSNR

V PSNR

H.263 Profile 0

1 GOB

48777

24.90

35.79

36.02

24.17

35.72

35.88

24.44

35.75

35.94

2 GOBs

45886

24.90

35.71

35.90

23.96

35.62

35.75

24.20

35.62

35.78

MPEG-4 Visual

max 50 bytes

49301

24.94

35.97

36.16

24.04

35.85

36.01

24.63

35.95

36.13

Simple Profile

max 75 bytes

46343

24.94

35.98

36.15

24.06

35.91

36.01

24.37

35.91

36.05

max 100 bytes

48024

25.06

36.15

36.35

24.20

36.04

36.16

24.46

36.06

36.24

H.263 Profile 3

1 GOB

45386

24.98

36.21

36.72

24.41

36.15

36.62

24.55

36.13

36.63

2 GOBs

46254

25.11

36.36

36.89

24.32

36.27

36.78

24.20

36.27

36.71

max 50 bytes

46508

24.88

36.20

36.69

24.29

36.15

36.53

24.46

36.15

36.62

max 75 bytes

46310

24.99

36.22

36.73

24.38

36.16

36.63

24.44

36.17

36.64

max 100 bytes

48782

25.12

36.41

36.96

24.22

36.28

36.78

24.25

36.36

36.83

H.263 Profile 6

1 GOB

46175

25.06

36.25

36.75

24.43

36.13

36.53

24.69

36.19

36.63


Table 1. Simulation results (PSNR) with tested video codecs
We analysed the results as follows:

· There are no huge differences in the objective results between the tested codec profiles and segmentation strategies.

· H.263 Profile 0 and MPEG-4 Visual Simple Profile suffer from a lower chrominance PSNR when compared to H.263 Profile 3 and H.263 Profile 6.

· GOB-based picture segmentation performs equally well to slice-based segmentation.

· H.263 Profile 6 achieves the highest luminance PSNRs in channel error simulations.

It was hard to judge the subjective performance of the tested codec profiles, because visual artifacts are sensitive to the spatial and temporal location of packet losses. Therefore, side-by-side comparisons were not fruitful.

4 Conclusion

None of the tested codec profiles was clearly the best in the performed simulations. Thus, the simulation results justify that only the H.263 Baseline Profile (Profile 0) should be mandatory in 3G packet switched conversational multimedia applications. However, we believe that H.263 Profile 6 has the potential to achieve superior performance, when it is applied more extensively than in the performed simulations.
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