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Summary

For error resilience capability of H.263+ bitstream, a data partitioning structure based on reversible variable length codes (RVLCs) was proposed by University of Los Angeles (UCLA) and Samsung Electronics [1,2]. Model implementation of such structure was made [3], and qualitative measurement of the performance of such data partitioning structure was carried out [4,5]. At the same time, there are also discussions on simulation environment, common condition and other issues for performing the qualitative measurement of the performance [6,7].

Here, we present the results of a simulation experiments for this data partitioning structure with RVLCs. To cross-validate the simulation result presented in previous meeting, we had an independent implementation on the encoder side at module level. Our simulation tests comply with all the current suggested simulation condition. We also did additional simulation under different forced update rate. 

The results of the simulation show a significant and consistent improvement of the performance of the Data Partitioning with RVLC structure compare to the Anchor structure at different conditions we tested. 

Validation and Simulation Method

The goal of the work is to

· Quantitatively measure the performance of  the Data Partitioning structure with RVLCs and compare it with those of the Anchor mode

· Cross validate the simulation result of UCLA and Samsung from previous documents

We based our code on the code of UCLA and Samsung simulation. We re-implement the encoder side of the codec on a module by module base. The following modules of the code are rewritten and replaced: MB_buffer_full, flush_MB_buffer, put_cbpcm_intra, put_cbpcm_inter, FindPMV_ER, CountBitsMB, CountBitsVectors,and put_rvlc.

We use the same decoder as the UCLA and Samsung simulation without modification (except for some debuging). In general, the result is greatly decoder dependent. By using the same decoder as the UCLA and Samsung simulation while re-implementing the encoder, it makes it possible to verify the error resilience performance of the new packet structure, and eliminate the ambiguity associated with the decoder.

During simulation, 4000 frames of each video sequence are encoded. Annex D, F, I, J and T are invoked, and an initial quantizer QP of 20 is set with the encoder. The encoded bit stream is multiplexed with AL-3 multiplexer which allocates 75% of transmission bit rate to video packets and 25% to other packets. Particular error pattern is then applied to the CRC checked transmitted binary digits. On the decoder side, the multiplexer processes the data, and passes the bitstream to the decoder while discarding the CRC check results. The decoder (with TCON error concealment option invoked) then decodes the bitstream accordingly, and PSNR is calculated according to specified in previous documents on the simulation environment [6,7].

The following sequences are used in the simulation:

For 64 kbit/s
Foreman
7.5 fps



Hall

10 fps



Container
10 fps



News

10 fps



Silent Voice
15 fps



Glasgow Tour
15 fps

For 32 kbit/s
Hall

10 fps



Container
10 fps



News

10 fps



Silent Voice
15 fps

In additional to the conditions mentioned above, the simulation is done for all sequences encoded with Forced Updating rate of 132 (least frequent INTRA update required by the standard) and Forced Update rate of 5 (more frequent INTRA update).

Six WCDMA error patterns are applied in simulation for the 64 kbit/s bitstreams. And for the 32 kbit/s bitstreams, each of the 10 dB and 20 dB Rayleigh patterns for DECT systems with two different Doppler speeds, 1.4 and 14 km/h is applied.

Results and Analysis

The simulation results are displayed in the Appendix I, II and III of this document. The main conclusion from analysis of these simulation results can be summarized as follow.

1. The Data Partitioning structure with RVLCs has significant and consistent improvement compare to the Anchor mode performance under Forced Update rate of 132.

The full result can be found in the Appendix I of this document. For the purpose of illustrating how much improvement we have for each error pattern, we average the luminance PSNR gain for all the bitstreams tested for that particular error pattern, and show it in the following table, Table 1.

Error Pattern
WCDMA
DECT


1
2
3
4
5
6
10 dB
20 dB








14 km/h
1.4 km/h
14 km/h
1.4 km/h

Improvement of PSNR – Y

(dB)
+3.55
+3.79
+3.51
+1.80
+1.95
+1.35
+3.66
+1.03
+3.46
-0.13

Table 1. Improvement of PSNR – Y under Forced Update Rate of 132 (averaged over 6 sequences).

2. The Data Partitioning structure with RVLCs has significant and consistent improvement compare to the Anchor mode performance under Forced Update Rate of  5.

Again, for illustration, the result under Forced Update Rate of 5 is included in a similar manner in Table 2 below. The full result can be found in Appendix II of this document.

By direct comparing the result under Forced Update Rate of 5 to the result under Forced Update Rate of 132 above, it is found that the improvement is consistent. We see the improvements of the same range or may be a little bit lower improvement for the WCDMA error, and for the DECT error patterns, the improvement is actually much larger under the Forced Update Rate of 5 condition.

Error Pattern
WCDMA
DECT


1
2
3
4
5
6
10 dB
20 dB








14 km/h
1.4 km/h
14 km/h
1.4 km/h

Improvement of PSNR – Y

(dB)
+3.94
+2.73
+3.28
+0.79
+0.76
+1.17
+5.49
+3.26
+4.28
+1.71

Table 2. Improvement of PSNR – Y under Forced Update Rate of 5 (averaged over 4 sequences).

Conclusion

In conclusion, by simulations under the common conditions recommended by the ITU documentation, we show that the Data Partitioning structure with RVLCs brings a significant and consistent improvement of PSNR over the Anchor mode for H.263+ bitstreams sent through simulated error-prone channels. And the improvement holds also at different Forced Update Rate.
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Appendix I – Test result under Forced Update Rate of 132

Table I Comparison of PSNR of luminance (Y) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
20.31
20.51
21.48
24.81
24.74
25.03


Anchor
16.71
17.71
17.70
23.39
22.71
23.79


Diff
3.60
2.80
3.78
1.42
2.03
1.24

hall
ER
25.95
27.08
26.36
31.44
31.04
30.89


Anchor
21.43
22.59
22.15
29.26
29.33
29.66


Diff
4.52
4.49
4.21
2.18
1.71
1.23

container
ER
26.03
27.12
27.27
32.50
32.31
32.01


Anchor
21.19
21.88
21.91
30.51
30.15
30.33


Diff
4.84
5.24
5.36
1.99
2.16
1.68

news
ER
23.02
24.73
23.88
29.45
29.13
29.11


Anchor
18.51
18.92
19.23
26.56
25.20
27.10


Diff
4.51
5.81
4.65
2.89
3.93
2.01

silent
ER
25.61
26.12
25.46
30.50
30.48
30.72


Anchor
23.58
23.71
24.39
28.81
29.05
29.23


Diff
2.03
2.41
1.07
1.69
1.43
1.49

glasgow
ER
19.68
20.29
20.64
23.15
23.02
23.15


Anchor
17.91
18.29
18.63
22.52
22.60
22.72


Diff
1.77
2.00
2.01
0.63
0.42
0.43

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
16.02
16.27
23.84
21.95


Anchor
12.71
17.61
21.09
24.36


Diff
3.31
-1.34
2.75
-2.41

silent
ER
17.76
17.06
23.80
20.58


Anchor
14.24
16.15
22.78
25.29


Diff
3.52
0.91
1.02
-4.71

news
ER
17.14
16.30
22.68
23.57


Anchor
13.50
14.56
17.19
19.59


Diff
3.64
1.74
5.49
3.98

container
ER
17.27
18.85
24.72
25.33


Anchor
13.10
16.05
20.14
22.71


Diff
4.17
2.80
4.58
2.62

Table II Comparison of PSNR of chrominance (Cb) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
34.00
33.92
34.03
36.09
36.02
36.14


Anchor
31.22
31.59
31.92
35.43
35.37
35.60


Diff
2.78
2.33
2.11
0.66
0.65
0.54

hall
ER
36.91
39.07
38.78
40.77
40.82
40.70


Anchor
32.77
34.92
33.89
39.00
39.50
39.59


Diff
4.14
4.15
4.89
1.77
1.32
1.11

container
ER
39.07
39.17
39.01
40.74
40.65
40.67


Anchor
34.53
34.98
34.45
39.47
39.86
39.64


Diff
4.54
4.19
4.56
1.27
0.79
1.03

news
ER
31.41
33.14
30.65
36.90
37.00
36.36


Anchor
28.53
28.01
28.97
35.96
35.29
35.72


Diff
2.88
5.13
1.68
0.94
1.71
0.64

silent
ER
36.20
36.81
35.96
37.70
37.70
37.75


Anchor
33.53
34.64
33.99
36.63
36.61
36.83


Diff
2.67
2.17
1.97
1.07
1.09
0.92

glasgow
ER
32.07
32.59
32.78
34.38
34.35
34.39


Anchor
29.76
30.60
30.54
33.79
34.07
34.01


Diff
2.31
1.99
2.24
0.59
0.28
0.38

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
30.22
27.74
38.09
36.90


Anchor
22.42
28.76
32.62
36.02


Diff
7.80
-1.02
5.47
0.88

silent
ER
30.79
31.46
34.72
34.00


Anchor
29.67
23.19
32.83
34.39


Diff
1.12
8.27
1.89
-0.39

news
ER
22.29
23.60
26.77
28.71


Anchor
19.58
23.09
28.72
31.03


Diff
2.71
0.51
-1.95
-2.32

container
ER
31.55
34.61
37.63
37.68


Anchor
23.16
26.27
34.20
35.77


Diff
8.39
8.34
3.43
1.91

Table III Comparison of PSNR of chrominance (Cr) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
33.67
33.75
34.22
36.34
36.39
36.46


Anchor
30.26
31.27
31.45
35.51
35.31
35.84


Diff
3.41
2.48
2.77
0.83
1.08
0.62

hall
ER
41.76
42.68
42.57
42.76
43.37
43.23


Anchor
36.70
37.74
38.14
42.23
42.02
42.36


Diff
5.06
4.94
4.43
0.53
1.35
0.87

container
ER
38.20
38.61
38.10
40.05
40.03
39.85


Anchor
34.18
35.34
34.31
38.72
39.29
38.98


Diff
4.02
3.27
3.79
1.33
0.74
0.87

news
ER
35.50
36.58
35.52
38.48
38.13
38.19


Anchor
32.52
32.35
33.03
37.57
37.24
37.62


Diff
2.98
4.23
2.49
0.91
0.89
0.57

silent
ER
37.79
38.01
38.15
38.85
38.82
38.87


Anchor
34.82
36.47
36.30
37.85
38.04
38.24


Diff
2.97
1.54
1.85
1.00
0.78
0.63

glasgow
ER
35.65
35.92
36.00
37.03
36.93
36.99


Anchor
33.85
34.55
34.51
36.52
36.76
36.74


Diff
1.80
1.37
1.49
0.51
0.17
0.25

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
36.00
30.37
40.89
40.42


Anchor
20.85
31.86
36.90
39.28


Diff
15.15
-1.49
3.99
1.14

silent
ER
32.11
34.40
36.61
36.44


Anchor
31.55
23.25
35.17
36.22


Diff
0.56
11.15
1.44
0.22

news
ER
28.37
29.13
31.93
33.27


Anchor
22.83
26.65
31.96
33.51


Diff
5.54
2.48
-0.03
-0.24

container
ER
32.26
33.97
36.38
36.67


Anchor
23.86
25.66
33.36
35.38


Diff
8.40
8.31
3.02
1.29

Number of dropped frames 

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
0
0
0
0
0
0


Anchor
45
42
33
2
5
3


Diff
45
42
33
2
5
3

hall
ER
0
0
0
0
0
0


Anchor
63
53
61
5
11
4


Diff
63
53
61
5
11
4

container
ER
0
0
0
0
0
0


Anchor
53
53
53
53
53
53


Diff
53
53
53
53
53
53

news
ER
0
0
0
0
0
0


Anchor
47
47
47
8
3
9


Diff
47
47
47
8
3
9

silent
ER
0
0
0
0
0
0


Anchor
62
58
58
4
4
5


Diff
62
58
58
4
4
5

glasgow
ER
0
0
0
0
0
0


Anchor
68
50
43
6
8
3


Diff
68
50
43
6
8
3

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
0
229
0
7


Anchor
634
455
101
67


Diff
634
226
101
60

silent
ER
27
381
0
9


Anchor
623
535
111
57


Diff
596
154
111
48

news
ER
0
239
0
4


Anchor
621
501
93
62


Diff
621
262
93
58

container
ER
0
195
0
4


Anchor
653
507
107
70


Diff
653
312
107
66

Appendix II – Test result under Forced Update Rate of 5

Table I Comparison of PSNR of luminance (Y) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
23.15
23.52
23.78
24.98
24.99
25.03


Anchor
17.72
21.36
21.73
24.61
24.55
24.67


Diff
5.43
2.16
2.05
0.37
0.44
0.36

hall
ER
29.59
29.83
30.16
31.22
31.27
31.33


Anchor
25.74
26.77
26.81
30.72
30.72
30.76


Diff
3.85
3.06
3.35
0.50
0.55
0.57

container
ER
30.99
31.05
31.46
32.52
32.48
32.47


Anchor
27.46
28.22
25.66
32.02
31.90
31.99


Diff
3.53
2.83
5.80
0.50
0.58
0.48

news
ER
26.99
25.97
28.32
29.59
29.49
29.65


Anchor
22.17
22.97
23.62
28.19
28.12
28.53


Diff
4.82
3.00
4.70
1.40
1.37
1.12

silent
ER
28.84
29.27
29.00
30.29
30.26
30.28


Anchor
24.70
25.15
26.07
29.72
28.85
25.98


Diff
4.14
4.12
2.93
0.57
1.41
4.30

glasgow
ER
20.67
21.19
21.30
22.82
22.80
22.94


Anchor
18.78
19.96
20.43
21.45
22.61
22.76


Diff
1.89
1.23
0.87
1.37
0.19
0.18

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
19.95
20.61
27.15
26.03


Anchor
14.07
17.25
21.64
24.50


Diff
5.88
3.36
5.51
1.53

silent
ER
20.62
19.87
26.09
22.37


Anchor
15.32
17.05
23.96
25.26


Diff
5.30
2.82
2.13
-2.89

news
ER
18.45
17.72
24.84
26.26


Anchor
13.74
15.19
19.13
20.36


Diff
4.71
2.53
5.71
5.90

container
ER
22.11
24.83
28.10
28.71


Anchor
16.06
20.52
24.35
26.43


Diff
6.05
4.31
3.75
2.28

Table II Comparison of PSNR of chrominance (Cb) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
35.41
35.49
35.59
36.00
35.98
35.96


Anchor
31.71
34.19
34.37
35.82
35.80
35.84


Diff
3.70
1.30
1.22
0.18
0.18
0.12

hall
ER
39.32
39.52
39.52
40.06
40.05
40.14


Anchor
35.91
36.82
35.84
39.80
39.86
39.87


Diff
3.41
2.70
3.68
0.26
0.19
0.27

container
ER
39.34
39.44
39.51
39.74
39.78
39.78


Anchor
37.42
37.64
36.68
39.57
39.39
39.47


Diff
1.92
1.80
2.83
0.17
0.39
0.31

news
ER
35.54
33.26
35.99
37.19
37.16
37.20


Anchor
28.43
30.18
30.33
36.42
35.32
35.64


Diff
7.11
3.08
5.66
0.77
1.84
1.56

silent
ER
36.55
36.61
36.69
36.97
36.98
36.97


Anchor
34.68
34.34
35.69
36.82
36.74
36.61


Diff
1.87
2.27
1.00
0.15
0.24
0.36

glasgow
ER
32.83
33.28
33.39
34.40
34.45
34.50


Anchor
31.06
32.10
32.38
33.34
34.28
34.34


Diff
1.77
1.18
1.01
1.06
0.17
0.16

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
33.41
33.26
38.45
38.46


Anchor
20.76
27.07
33.74
35.50


Diff
12.65
6.19
4.71
2.96

silent
ER
32.37
33.27
35.42
34.57


Anchor
26.21
27.72
34.25
32.26


Diff
6.16
5.55
1.17
2.31

news
ER
23.71
28.57
29.75
34.95


Anchor
21.00
21.01
25.28
23.67


Diff
2.71
7.56
4.47
11.28

container
ER
35.69
37.32
38.13
38.31


Anchor
26.90
32.97
36.13
37.33


Diff
8.79
4.35
2.00
0.98

Table III Comparison of PSNR of chrominance (Cr) component between ER and baseline mode (a) WCDMA pattern, (b) Rayleigh pattern

(a)

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
35.72
35.82
35.89
36.42
36.41
36.37


Anchor
31.56
34.16
34.44
36.21
36.16
36.23


Diff
4.16
1.66
1.45
0.21
0.25
0.14

hall
ER
41.89
41.93
42.10
42.30
42.27
42.33


Anchor
39.13
39.52
39.1
42.03
42.06
42.12


Diff
2.76
2.41
3
0.27
0.21
0.21

container
ER
38.79
38.87
38.88
39.12
39.19
39.19


Anchor
37.21
37.37
36.14
39.04
38.89
38.97


Diff
1.58
1.5
2.74
0.08
0.3
0.22

news
ER
37.49
36.37
37.80
38.26
38.20
38.25


Anchor
33.5
34.52
34.67
37.32
37.14
37.24


Diff
3.99
1.85
3.13
0.94
1.06
1.01

silent
ER
37.97
37.97
38.05
38.37
38.36
38.27


Anchor
36.34
36.84
37.16
38.2
38.22
38.23


Diff
1.63
1.13
0.89
0.17
0.14
0.04

glasgow
ER
36.26
36.52
36.60
37.16
37.17
37.21


Anchor
34.75
35.65
35.87
36.3
37.08
37.17


Diff
1.51
0.87
0.73
0.86
0.09
0.04

(b)

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
37.13
36.68
40.96
40.98


Anchor
23.07
28.90
38.31
38.30


Diff
14.06
7.78
2.65
2.68

silent
ER
34.78
35.79
37.01
37.01


Anchor
27.24
28.33
34.74
36.85


Diff
7.54
7.46
2.27
0.16

news
ER
29.62
32.79
34.90
36.64


Anchor
25.84
24.47
30.93
25.21


Diff
3.78
8.32
3.97
11.43

container
ER
34.74
36.54
37.34
37.48


Anchor
26.98
33.17
35.40
36.69


Diff
7.76
3.37
1.94
0.79

 Number of dropped frames 

Sequence
Mode
WCDMA



1
2
3
4
5
6

foreman
ER
0
0
0
0
0
0


Anchor
53
53
39
7
10
8


Diff
53
53
39
7
10
8

hall
ER
0
0
0
0
0
0


Anchor
45
45
45
45
45
45


Diff
45
45
45
45
45
45

container
ER
0
0
0
0
0
0


Anchor
67
41
50
4
8
3


Diff
67
41
50
4
8
3

news
ER
0
0
0
0
0
0


Anchor
62
63
60
7
10
6


Diff
62
63
60
7
10
6

silent
ER
0
0
0
0
0
0


Anchor
61
54
46
12
6
7


Diff
61
54
46
12
6
7

glasgow
ER
0
0
0
0
0
0


Anchor
48
45
40
6
7
3


Diff
48
45
40
6
7
3

Sequence
Mode
10dB
20dB



14km/h
1.4km/h
14km/h
1.4km/h

hall
ER
0
262
0
2


Anchor
1261
981
198
143


Diff
1261
719
198
141

silent
ER
30
382
0
7


Anchor
625
501
127
59


Diff
595
119
127
52

news
ER
0
216
0
3


Anchor
644
463
89
71


Diff
644
247
89
68

container
ER
0
268
0
0


Anchor
615
488
114
62


Diff
615
220
114
62
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