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1. Summary

This document presents the simulation results of the latest H.26L TML-8.4 under H.323/Internet conditions (Q15-I-61), with comparisons to the same codec plus the error concealment algorithms described in VCEG-N62, and the H.263 results presented in Q15-J-10. The results show that the proposed error concealment algorithms outperform the current TML-8.4 implementation, which conceals errors by copying spatially corresponding macroblocks from the previous frame.

2. Simulation conditions

Codec parameters:

· Motion vector resolution: ¼ pel
· Hadamard transform: used
· Max search range: 16

· Number of previous frames used for inter motion search: 1

· All the block types enabled.

· Slice mode: Fixed number of MB per slice (in fact, one slice is one GOB)

· B-frames and SP-frames: not used

· Symbol mode: CABAC

· Data partition: 1 partition per slice

· Sequence header: no sequence header

· Search range restrictions: no

· Rate-distortion optimized mode decision: on

· Constrained intra prediction: not used

· Change QP: not used

· Additional reference frame: not used

Other conditions:

· Instead of encoding 4000 frames as specified in Q15-I-61, the PSNR of the decoded video is calculated for each of the 10 runs, the average PSNR plus the best and worst cases of the 10 runs are shown, as proposed in VCEG-M77. This method is used to show the variation of the PSNR depending on the position of the loss pattern files. In the simulation, the beginning loss position of the run with order n+1 continuously follows the ending loss position of the nth run. The number of encoded frames for each sequence is shown in table 1.
	Sequence 
	Frames/s
	# encoded frames

	Foreman
	7.5
	75

	Hall
	10
	100

	Irene
	30
	300

	Paris
	15
	150


Table 1: Number of encoded frames for each sequence

· A constant packetization overhead (40 bytes/packet, 2 packets/picture) is assumed similarly to Q15-J-10. Although the packetizer sometimes produces more than 2 packets/picture, the effect is not very significant on the results. In addition, if the picture header were repeated once in each packet instead of once in each slice, many bits could be saved. 

· Since no rate control strategy is implemented in current TML software, we acquire the desired bit rates by simply adjusting QP. QP is fixed for all the frames (including the I-frame).

· As specified in Q15-I-61 and Q15-J-10, PSNR is calculated between each and every frame of the source sequence (at full frame rate), and the corresponding reconstructed frame.

3. The packetizer

The packetization scheme is similar to the one proposed in Q15-I-61 (and H.263 Appendix III). It is based on interleaving even and odd numbered GOB-shaped slices, and arises from two design considerations. First, since the packetization overhead for the IP/UDP/RTP headers on the Internet is approximately 40 bytes per packet, reasonably big packets have to be used. Second, to allow for effective error concealment consecutive slices should not be placed in the same packet. This results in two packets per picture and allows for reasonable concealment of missing macroblocks if only one of the two packets is lost. A maximum payload size of 1400 bytes is assumed, and a new pair of packets is established every time one of the packets in the previous pair for the same picture was about to exceed 1400 bytes. 

4. Simulation results

The simulation results of H.26L TML-8.4 with and without error concealment are shown in table 2. To stop infinite error propagation, Intra refresh algorithm was used as currently implemented in TML 8.4, and one GOB for each frame is forced to be Intra coded. 

	Sequence 

(resolution, frames/second)

and other parameters
	PLR (%)
	EC
	Y PSNR (dB)


	Cb PSNR (dB)
	Cr PSNR (dB)

	
	
	
	Avg
	Max
	Min
	Avg
	Max
	Min
	Avg
	Max
	Min

	Foreman (QCIF, 7.5)

Target bit rate = 

64.00/59.20 kbps

One Intra GOB per 1 frame

Bit rate = 59.66 kbps

QP = 20


	0
	No
	24.80
	\
	\
	35.02
	\
	\
	35.70
	\
	\

	
	
	Yes
	24.80
	\
	\
	35.02
	\
	\
	35.70
	\
	\

	
	3
	No
	23.24
	24.63
	21.75
	34.78
	35.00
	34.31
	35.31
	35.64
	34.75

	
	
	Yes
	23.77
	24.75
	22.36
	34.82
	35.02
	34.33
	35.39
	35.69
	34.77

	
	5
	No
	22.35
	23.09
	21.61
	34.59
	34.87
	34.17
	35.03
	35.37
	34.48

	
	
	Yes
	22.97
	23.74
	22.29
	34.65
	34.92
	34.29
	35.16
	35.40
	34.87

	
	10
	No
	21.04
	21.82
	20.35
	34.22
	34.58
	33.87
	34.43
	34.86
	33.95

	
	
	Yes
	21.91
	22.81
	21.21
	34.33
	34.63
	33.88
	34.63
	35.11
	34.12

	
	20
	No
	19.56
	21.42
	18.48
	33.87
	34.55
	33.32
	33.92
	34.87
	33.08

	
	
	Yes
	20.41
	22.31
	19.13
	33.96
	34.57
	33.47
	34.12
	34.75
	33.47

	Foreman (QCIF, 7.5)

Target bit rate =

144.00/139.20 kbps

One Intra GOB per 1 frame

Bit rate = 144.04 kbps

QP = 12
	0
	No
	26.15
	\
	\
	36.33
	\
	\
	37.27
	\
	\

	
	
	Yes
	26.15
	\
	\
	36.33
	\
	\
	37.27
	\
	\

	
	3
	No
	23.95
	25.38
	22.14
	35.90
	36.24
	35.66
	36.60
	37.02
	35.84

	
	
	Yes
	24.60
	25.40
	23.24
	36.00
	36.25
	35.70
	36.75
	37.12
	35.99

	
	5
	No
	22.32
	24.95
	21.17
	35.39
	35.99
	34.86
	35.83
	36.86
	35.06

	
	
	Yes
	23.36
	25.25
	22.38
	35.54
	36.05
	35.01
	36.14
	36.95
	35.51

	
	10
	No
	21.10
	23.35
	19.11
	35.06
	35.89
	34.05
	35.35
	36.42
	34.30

	
	
	Yes
	22.18
	23.74
	20.93
	35.13
	35.82
	34.40
	35.52
	36.37
	34.72

	
	20
	No
	19.20
	20.50
	18.23
	33.96
	34.69
	33.59
	33.80
	34.57
	33.37

	
	
	Yes
	20.42
	21.91
	19.55
	34.19
	34.94
	33.82
	34.10
	35.15
	33.58

	Hall (QCIF, 10)

Target bit rate =

32.00/25.60 kbps

One Intra GOB per 1 frame

Bit rate = 24.93 kbps

QP = 27
	0
	No
	28.12
	\
	\
	35.60
	\
	\
	38.45
	\
	\

	
	
	Yes
	28.12
	\
	\
	35.60
	\
	\
	38.45
	\
	\

	
	3
	No
	27.89
	28.07
	27.48
	35.59
	35.60
	35.57
	38.44
	38.47
	38.40

	
	
	Yes
	27.88
	28.07
	27.48
	35.58
	35.60
	35.56
	38.44
	38.47
	38.39

	
	5
	No
	27.75
	27.93
	27.47
	35.56
	35.59
	35.52
	38.44
	38.47
	38.41

	
	
	Yes
	27.75
	27.93
	27.47
	35.56
	35.58
	35.53
	38.44
	38.47
	38.41

	
	10
	No
	27.44
	27.79
	27.13
	35.50
	35.58
	35.41
	38.41
	38.46
	38.30

	
	
	Yes
	27.44
	27.79
	27.14
	35.52
	35.58
	35.44
	38.44
	38.48
	38.40

	
	20
	No
	26.77
	27.18
	26.30
	35.46
	35.54
	35.37
	38.37
	38.47
	38.23

	
	
	Yes
	26.77
	27.18
	26.32
	35.47
	35.54
	35.41
	38.39
	38.49
	38.26

	Irene (CIF, 30)

Target bit rate =

384.00/364.80 kbps

One Intra GOB per 1 frame

Bit rate = 377.19 kbps

QP = 19
	0
	No
	36.68
	\
	\
	38.91
	\
	\
	38.46
	\
	\

	
	
	Yes
	36.68
	\
	\
	38.91
	\
	\
	38.46
	\
	\

	
	3
	No
	34.06
	34.84
	33.61
	38.42
	38.72
	36.33
	37.92
	38.21
	35.87

	
	
	Yes
	34.74
	35.22
	34.28
	38.62
	38.72
	38.46
	38.18
	38.26
	38.08

	
	5
	No
	32.33
	33.83
	30.92
	37.88
	38.64
	36.01
	37.33
	38.13
	35.60

	
	
	Yes
	33.32
	34.09
	32.49
	38.41
	38.59
	38.11
	37.93
	38.12
	37.68

	
	10
	No
	30.17
	31.09
	29.20
	37.50
	38.22
	35.76
	36.94
	37.70
	35.27

	
	
	Yes
	31.26
	31.96
	30.37
	37.92
	38.10
	37.66
	37.45
	37.69
	37.29

	
	20
	No
	27.23
	27.86
	26.76
	35.23
	37.49
	33.56
	34.62
	36.71
	33.00

	
	
	Yes
	28.66
	29.44
	28.23
	36.90
	37.40
	36.29
	36.43
	36.90
	36.12


	Paris (CIF, 15)

Target bit rate =

144.00/134.40 kbps

One Intra GOB per 1 frame

Bit rate = 137.33 kbps

QP = 27
	0
	No
	26.47
	\
	\
	32.70
	\
	\
	33.44
	\
	\

	
	
	Yes
	26.47
	\
	\
	32.70
	\
	\
	33.44
	\
	\

	
	3
	No
	25.99
	26.23
	25.76
	32.55
	32.64
	32.44
	33.31
	33.39
	33.12

	
	
	Yes
	26.01
	26.23
	25.80
	32.56
	32.63
	32.42
	33.34
	33.39
	33.27

	
	5
	No
	25.53
	25.90
	25.19
	32.24
	32.49
	31.83
	32.93
	33.23
	32.35

	
	
	Yes
	25.58
	25.94
	25.20
	32.46
	32.56
	32.26
	33.24
	33.33
	33.12

	
	10
	No
	24.80
	25.26
	24.40
	31.93
	32.30
	30.79
	32.68
	33.14
	31.26

	
	
	Yes
	24.91
	25.27
	24.57
	32.22
	32.34
	31.98
	33.06
	33.18
	32.92

	
	20
	No
	23.55
	24.38
	22.84
	30.87
	31.87
	29.07
	31.45
	32.64
	29.43

	
	
	Yes
	23.84
	24.44
	23.21
	31.86
	32.04
	31.55
	32.72
	32.95
	32.46

	Paris (CIF, 15)

Target bit rate =

384.00/374.40 kbps

One Intra GOB per 1 frame

Bit rate = 378.49 kbps

QP = 18
	0
	No
	31.36
	\
	\
	36.05
	\
	\
	36.67
	\
	\

	
	
	Yes
	31.36
	\
	\
	36.05
	\
	\
	36.67
	\
	\

	
	3
	No
	29.81
	30.43
	28.81
	35.57
	35.90
	35.24
	36.21
	36.52
	35.86

	
	
	Yes
	29.71
	30.51
	28.32
	35.69
	35.93
	35.40
	36.36
	36.59
	35.94

	
	5
	No
	28.55
	29.75
	25.72
	35.13
	35.67
	33.42
	35.85
	36.31
	34.35

	
	
	Yes
	28.54
	29.82
	25.46
	35.18
	35.68
	33.04
	35.91
	36.31
	34.08

	
	10
	No
	27.16
	27.94
	26.14
	34.53
	35.14
	33.64
	35.22
	35.78
	34.64

	
	
	Yes
	27.25
	27.89
	26.23
	34.85
	35.32
	34.14
	35.67
	36.00
	35.08

	
	20
	No
	25.17
	26.31
	24.08
	33.34
	34.29
	32.86
	33.93
	35.23
	33.35

	
	
	Yes
	24.82
	25.49
	23.13
	33.87
	34.44
	33.31
	34.63
	35.29
	33.70


Table 2: H.26L TML-8.4 Simulation results with and without error concealment

From the results shown in table 2, we can see the proposed error concealment algorithms significantly outperform simple macroblock-copy with no motion (the H.26L decoder without error concealment) in high-motion sequences (Foreman, Irene), and perform slightly better in low-motion sequences (Hall, Paris). 

Subjective results can be shown during the Santa Barbara meeting.

5. Comparison to H.263

For comparison, the simulation results of H.263 presented in Q15-J-10 are directly copied to table 3.
From table 2 and table 3, we can make the following observations and conclusions:

· H.263 seems to outperform H.26L in some sequences. We suspect that this is mainly due to the fact that the H.263 results were obtained using a rate-distortion optimized macroblock mode selection, whereas H.26L bit-streams updated one GOB in INTRA per each picture. Clearly, a constant INTRA GOB update pattern is non-optimal and excessive for some sequences.

· We are not absolutely sure that the same version of the Foreman sequence was used in both Q15-J-10 and this contribution.

· H.26L seems to outperform H.263 remarkably in Irene sequence. The reason for such a huge difference in PSNR remained unclear for us.

· The PSNR drop for a certain packet loss rate compared to an error-free case is in the same ballpark for both H.263 and H.26L.

	Sequence 

(resolution, frames/s)
	Total Rate (kbps)
	Video Rate (kbps)
	Packet Loss Rate (%)
	Y PSNR (dB)
	Cb PSNR (dB)
	Cr PSNR (dB)

	Foreman (QCIF, 7.5)
	64.00
	59.20
	0
	26.25
	37.62
	37.96

	
	64.00
	59.20
	3
	24.57
	37.27   
	37.52

	
	64.00
	59.20
	5
	23.72   
	37.09   
	37.23

	
	64.00
	59.20
	10
	22.13   
	36.64   
	36.66

	
	64.00
	59.20
	20
	20.83   
	36.10   
	35.95

	Foreman (QCIF, 7.5)
	144.00
	139.20
	0
	27.54
	39.19
	39.53

	
	144.00
	139.20
	3
	25.76
	38.68
	38.92

	
	144.00
	139.20
	5
	25.03
	38.39
	38.61

	
	144.00
	139.20
	10
	23.39
	37.82
	37.84

	
	144.00
	139.20
	20
	22.20
	37.19
	37.08

	Hall (QCIF, 10)
	32.00
	25.60
	0
	30.81
	37.76
	40.31

	
	32.00
	25.60
	3
	30.18
	37.64
	40.20

	
	32.00
	25.60
	5
	29.78
	37.57
	40.14

	
	32.00
	25.60
	10
	29.23
	37.56
	40.15

	
	32.00
	25.60
	20
	28.32
	37.45
	40.19

	Irene (CIF, 30)
	384.00
	364.80
	0
	25.42
	35.82
	34.99

	
	384.00
	364.80
	3
	25.44
	35.73
	34.93

	
	384.00
	364.80
	5
	25.34
	35.51
	34.76

	
	384.00
	364.80
	10
	25.20
	35.21
	34.56

	
	384.00
	364.80
	20
	24.93
	34.77
	34.18

	Paris (CIF, 15)
	144.00
	134.40
	0
	26.22
	34.60
	36.19

	
	144.00
	134.40
	3
	25.73
	34.14
	35.56

	
	144.00
	134.40
	5
	24.93
	33.71
	35.11

	
	144.00
	134.40
	10
	23.89
	33.34
	34.73

	
	144.00
	134.40
	20
	22.67
	32.47
	33.79

	Paris (CIF, 15)
	384.00
	374.40
	0
	28.00
	36.99
	39.23

	
	384.00
	374.40
	3
	28.53
	36.36
	38.03

	
	384.00
	374.40
	5
	27.23
	35.83
	37.36

	
	384.00
	374.40
	10
	25.92
	35.01
	36.51

	
	384.00
	374.40
	20
	24.47
	33.83
	35.24


Table 3: H.263 Simulation results (copied from Q15-J-10)












































































































































































































































































































































































































































































































































































































































































