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Introduction 

It is a well known fact that H.26L [1] provides up to 50% additional bit-rate reduction compared to the MPEG-4 Simple Profile [2] at the same coding quality. However, it is not equally clear where those improvements come from. H.26L is built on top of a coding tool set. It is desired to evaluate the efficiency of the individual coding tools so as to develop the cost-effective H.26L products. This document provides the evaluation results of H.26L baseline coding tools. Also, based on the evaluation results the following simplification of H.26L baseline is proposed.

1. Remove the following two tools from the H.26L baseline:

· 16x16 intra prediction and the associated DC transform and entropy coding

· motion vectors with block size less than 8x8

2. Limit the maximum number of reference frames to two in the H.26L baseline.

H.26L Baseline Coding Tools

The H.26L baseline coding tools can be divided into two categories, namely, H.26L specific tools and encoder optimization tools which principally can be applied to other DCT-based coding standards like MPEG-4 [2] as well. 

The following H.26L specific coding tools are identified:

1. Multiple reference frame prediction (5 reference frames)

2. Motion Vectors with block size below 8x8 (sub 8x8 vec.)

With the above two tools turned off, the H.26L baseline becomes a codec based on intra prediction, single frame motion compensation, 4x4 transform and quantization, and UVLC.

The following tools are treated as the encoder optimization tools:

3. Hadamard transform in Motion Estimation and Intra prediction mode decision

4. RD-optimization

5. Cost-function based zero block decision

6. Deblocking filtering (loop filter)


Experimental Conditions

An experiment of testing H.26L tools with respect to the MPEG-4 SP was carried out. In total seven MPEG-4 CIF (352 x288) sequences, Akiyo, Coastguard, Foreman, Hall_Monitor, News and Silent, were involved in the test. Each sequence is encoded at 10 frame/s, fixed QP 12, 16, 20, 24, 28 were used to simulate the various bit-rates. The used MPEG-4 SP encoder is the MPEG-4 FDIS MoMusys Software released on 08/12/99. Deblocking filtering was turned off in the MPEG-4 simulation, and all 31 quantization scales were run through in order to find the best operation points which match H.26L simulations with fixed QPs. TML8.4 was used for the H.26L simulation.


The following 8 test sets were carried out for all the seven sequences:

TEST0: MPEG4 SP:
TEST1: H.26L with all the six coding tools listed above turned off,
TEST2: H.26L with tool 1 turned on, everything else turned off
TEST3: H.26L with tool 1, 2 turned on, everything else turned off
TEST4: H.26L with tool 1, 2, 3 turned on, everything else turned off
TEST5: H.26L with tool 1, 2, 3, 4 turned on, everything else turned off
TEST6: H.26L with tool 1, 2, 3, 4, 5 turned on, everything else turned off
TEST7: H.26L with all the six coding tools listed above turned on


The above settings are illustrated in table 1. By turning on one tool each time, it is possible to test the efficiency of the individual coding tools. 

Test
Multi-frame
8x8 vectors below
Hadamard
RD-optimization
Zero block
loop-filter


H.26L Specific
Variations apply to other codecs

1
off
off
off
off
off
off

2
on
off
off
off
off
off

3
on
on
off
off
off
off

4
on
on
on
off
off
off

5
on
on
on
on
off
off

6
on
on
on
on
on
off

7
on
on
on
on
on
on

Table 1. Test settings

Experimental Results

Table 2 summarizes the testing results, each column lists the maximum, minimum and average bit-rate reduction (at the same PSNR values) over the seven test sequences for the individual coding tools. 

QP
28
24
20
16
12


max min average[%]
max min average[%]
max min average[%]
max min average[%]
max min average[%]

H.26L Basic
-35.51  12.74 -10.06
-34.14  12.64   -4.08
-35.87    7.92   -9.53
-33.05  10.63 -10.49
-32.20    6.39 -10.78

Multi. Frame
  -3.65    0.78   -1.24
  -5.13   -0.07   -1.48
  -6.38   -0.49   -2.48
  -7.34   -0.83   -3.24
  -7.43   -1.17   -3.94

Sub-8x8 vec
  -0.96    0.29   -0.19
  -2.60   -0.02   -0.76
  -3.21    0.14   -1.09
  -2.82   -0.44   -1.25
  -1.73    0.72   -1.13

Sub-total
-35.13  11.24 -11.52
-35.23  10.25   -6.31
-39.54    1.11 -13.21
-38.74    3.92 -15.04
-38.06   -0.16 -15.40



Hadamard
-14.06   -6.64   -9.94
-13.01   -4.11   -7.15
  -8.96   -3.02   -5.85
-11.10   -2.04   -5.46
-10.87   -2.09   -5.47

RD-Opt.
-20.52   -8.09 -14.58
-20.78   -4.97 -12.86
-24.20   -2.25   -9.17
-25.67   -2.61   -9.11
-21.30   -4.06   -8.81

Zero block
  -3.81    3.38   -1.04
  -3.91    0.33   -2.26
  -6.23    0.47   -2.28
  -6.48    0.52   -3.22
  -7.33    0.10   -3.23

Loop filter
  -8.74   -3.02   -5.38
  -6.36   -2.31   -4.23
  -5.30   -1.79   -3.07
  -6.04    0.09   -2.30
  -5.05    0.45   -1.42

Total
-78.01 -30.81 -45.12
-50.55 -23.68 -35.19
-51.55 -20.13 -35.49
-53.79 -17.43 -38.79
-45.87 -12.99 -32.17

Table 2. Average bit-rate reduction over seven test sequences at the same quality (PSNR). Negative value denotes improvement. 

It is confirmed from the test that H.26L can provide up to 50% bit-rate reduction compared to the MPEG-4 SP. However, it is also fair to say that two third of the improvement comes from the encoder optimization. While without the encoder optimization the H.26L can still outperform the MPEG-4 SP by about 40% in some sequences like foreman, it also appears to be less efficient than MPEG-4 SP in some simple sequences such as Akiyo.

The results also revealed that the gains from the multiple frame prediction and motion vectors of  block size below 8x8 are very small. An average gain about 3% and 1% in bit-rate reduction were measured for the two H.26L specific tools, respectively.

Among the encoder optimization tools, the most effective ones are the Rate-Distortion optimization and Hadamard transform applied in the intra-prediction and motion estimation, which provide in average about 10% and 6% gains in bit-rate reduction, respectively.

However, it is unclear how effective those encoder optimization tools could be when similar tools are applied to the MPEG4 SP. 


While up to 50% bit-rate reduction could be achieved with all the possible tools, H.26L encoder requires about a factor of about 16:1 in terms of encoding complexity (on UNIX) compared to the MPEG-4 SP (assuming both TML code and MoMuSys code implementations are equally inefficient).


It should be noticed here that the same PSNR value oftentimes does not mean the same visual coding quality. The results here are only meant to reveal a rough quality distribution of the H.26L baseline coding tools. To make the results neutral, the test set was intentionally selected different from the H.26L “official” one.


 The detailed results are listed in Table 3, in which the efficiency of coding tools measured both in bit-rate reduction and PSNR value increase is presented.

AKIYO, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]

28
 16.69
 31.99
 17.90
 31.70
 17.99
 31.78
 17.90
 31.77
 16.89
 32.25
 14.29
 32.38
 13.25
 32.09
 12.93
 32.56

24
 23.75
 34.49
 26.96
 34.56
 26.77
 34.63
 26.66
 34.65
 24.99
 35.16
 22.16
 35.23
 19.92
 34.86
 19.49
 35.27

20
 44.98
 37.33
 41.87
 37.13
 40.87
 37.17
 40.60
 37.18
 39.15
 37.63
 35.54
 37.72
 30.99
 37.33
 30.48
 37.69

16
 72.73
 39.44
 68.81
 39.62
 66.88
 39.67
 66.08
 39.70
 64.80
 40.19
 59.36
 40.16
 51.72
 39.81
 51.30
 40.13

12
123.28
 41.71
117.01
 42.07
113.09
 42.09
111.55
 42.10
109.12
 42.46
100.21
 42.46
 90.48
 42.19
 90.56
 42.35



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
 12.74
 -0.67
 -0.94
  0.05
 -0.36
  0.02
-14.06
  0.84
-17.73
  1.07
 -2.05
  0.14
 -8.74
  0.60
-30.81
  2.12

24
 12.64
 -0.95
 -1.71
  0.13
 -0.72
  0.06
-13.01
  1.11
-13.50
  0.60
 -2.45
  0.13
 -5.99
  0.59
-32.78
  1.71

20
 -4.34
  0.34
 -2.72
  0.22
 -0.72
  0.06
 -8.96
  0.70
 -9.10
  0.76
 -6.23
  0.63
 -4.77
  0.47
-39.07
  2.06

16
 -8.04
  0.54
 -3.37
  0.24
 -1.52
  0.11
 -8.51
  0.62
 -7.08
  0.53
 -6.48
  0.56
 -4.33
  0.37
-46.20
  1.90

12
-10.89
  0.68
 -3.49
  0.23
 -1.40
  0.09
 -7.67
  0.48
 -7.23
  0.50
 -4.33
  0.33
 -2.23
  0.16
-35.77
  2.49

Coastguard, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]

28
128.98
 27.04
100.63
 26.98
101.73
 27.02
101.61
 27.03
108.03
 27.55
 91.27
 27.52
 76.24
 27.03
 71.97
 27.02

24
221.1
 29.26
196.4
 29.35
196.6
 29.39
196.3
 29.40
206.0
 29.84
194.5
 29.91
172.0
 29.45
165.7
 29.49

20
422.1
 32.05
365.6
 31.86
364.6
 31.88
362.6
 31.90
375.0
 32.26
363.1
 32.36
338.9
 31.99
332.0
 32.00

16
683.2
 34.42
658.6
 34.61
655.2
 34.64
654.3
 34.66
673.5
 34.96
633.5
 35.04
609.7
 34.76
606.2
 34.72

12
1103.
 37.22
1116.
 37.51
1106.
 37.53
1115.
 37.54
1133.
 37.79
1046.
 37.88
1022.
 37.70
1022.
 37.66



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
-20.11
  0.64
 -0.39
  0.01
 -0.40
  0.01
-12.28
  0.37
-11.99
  0.36
  3.38
 -0.11
 -3.02
  0.10
-43.62
  1.48

24
-12.74
  0.70
 -0.64
  0.04
 -0.33
  0.02
 -4.11
  0.21
 -6.59
  0.34
 -1.92
  0.11
 -3.55
  0.21
-31.88
  1.06

20
-10.32
  0.65
 -0.57
  0.04
 -0.79
  0.05
 -3.02
  0.18
 -4.45
  0.27
  0.03
 -0.00
 -1.79
  0.11
-20.13
  0.84

16
 -6.53
  0.42
 -0.96
  0.06
 -0.44
  0.03
 -2.04
  0.13
 -7.04
  0.48
  0.52
 -0.04
  0.09
 -0.01
-17.43
  0.84

12
 -2.92
  0.20
 -1.23
  0.09
  0.72
 -0.05
 -2.09
  0.14
 -9.03
  0.69
  0.10
 -0.01
  0.45
 -0.04
-12.99
  1.01

Foreman, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]



















28
113.7
 29.24
 72.79
 29.21
 74.70
 29.27
 74.44
 29.28
 75.06
 29.78
 67.25
 29.86
 62.03
 29.48
 60.83
 29.65

24
173.9
 31.56
115.2
 31.58
115.0
 31.63
114.9
 31.64
115.1
 32.12
108.2
 32.22
 97.08
 31.75
 95.97
 31.94

20
279.6
 33.73
190.7
 33.95
186.7
 34.02
184.2
 34.05
184.0
 34.44
180.6
 34.53
156.7
 34.03
154.6
 34.17

16
565.5
 37.11
322.2
 36.49
308.8
 36.57
304.4
 36.60
305.6
 36.93
292.7
 36.97
260.7
 36.47
259.1
 36.58

12
709.6
 38.23
553.9
 39.03
524.5
 39.11
514.7
 39.14
515.7
 39.41
490.9
 39.46
448.6
 39.04
450.5
 39.11



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
-35.51
  2.26
  0.78
 -0.05
 -0.38
  0.03
 -6.98
  0.46
 -8.09
  0.53
  0.57
 -0.04
 -3.35
  0.25
-78.01
  3.37

24
-34.14
  1.86
 -0.59
  0.06
 -0.13
  0.01
 -4.60
  0.47
 -4.97
  0.50
 -2.24
  0.25
 -2.31
  0.26
-50.55
  3.34

20
-35.87
  1.94
 -2.20
  0.21
 -1.21
  0.12
 -4.19
  0.39
 -2.25
  0.20
 -0.92
  0.06
 -2.05
  0.22
-51.55
  3.32

16
-33.05
  2.05
 -3.05
  0.36
 -1.03
  0.12
 -2.63
  0.30
 -2.61
  0.32
 -1.89
  0.25
 -1.12
  0.15
-47.11
  3.52

12
-32.20
  2.50
 -5.11
  0.43
 -1.73
  0.15
 -3.08
  0.26
 -4.06
  0.36
 -1.64
  0.16
 -0.47
  0.04
-45.87
  4.30

Hall_Monitor, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]



















28
 26.64
 29.79
 26.45
 29.76
 26.26
 29.80
 26.22
 29.83
 26.43
 30.25
 23.49
 30.38
 21.79
 30.26
 21.31
 30.51

24
 40.96
 32.34
 47.27
 32.53
 46.77
 32.53
 45.85
 32.55
 45.75
 32.94
 39.43
 33.14
 37.39
 32.99
 36.25
 33.26

20
 88.64
 35.38
 92.09
 35.17
 89.22
 35.17
 86.99
 35.21
 86.26
 35.59
 67.25
 35.68
 62.92
 35.47
 60.71
 35.72

16
160.2
 37.36
184.8
 37.56
178.5
 37.57
174.8
 37.59
170.4
 37.97
130.1
 38.00
117.8
 37.77
111.8
 37.93

12
327.0
 39.26
396.6
 39.77
378.7
 39.80
374.4
 39.79
364.8
 40.07
297.5
 40.10
259.5
 39.89
245.7
 39.93



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
  0.01
 -0.00
 -1.84
  0.07
 -0.96
  0.04
-10.54
  0.39
-13.86
  0.64
 -3.81
  0.18
 -6.90
  0.34
-34.78
  1.71

24
 11.95
 -0.65
 -1.22
  0.07
 -2.60
  0.15
 -7.08
  0.40
-20.78
  0.78
 -2.89
  0.21
 -6.36
  0.48
-23.68
  1.79

20
  7.92
 -0.41
 -3.24
  0.18
 -3.21
  0.18
 -7.38
  0.43
-24.20
  0.79
 -2.45
  0.21
 -5.30
  0.47
-40.38
  1.55

16
 10.63
 -0.44
 -4.13
  0.18
 -2.82
  0.12
-11.10
  0.50
-25.67
  1.52
 -4.25
  0.28
 -6.04
  0.42
-53.79
  1.29

12
  6.39
 -0.22
 -6.29
  0.23
 -1.04
  0.04
-10.87
  0.38
-21.30
  0.87
 -7.33
  0.36
 -5.05
  0.25
-38.55
  1.88

Mother & Daughter, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]



















28
 32.74
 32.41
 26.02
 31.50
 26.05
 31.63
 26.03
 31.61
 25.59
 32.02
 20.15
 32.25
 18.86
 32.06
 17.71
 32.15

24
 37.81
 34.03
 40.77
 34.11
 40.69
 34.16
 40.62
 34.18
 39.85
 34.64
 34.67
 34.86
 31.29
 34.42
 29.97
 34.45

20
 65.44
 36.80
 62.53
 36.68
 61.65
 36.71
 61.74
 36.71
 61.10
 37.17
 55.93
 37.23
 49.69
 36.73
 48.37
 36.78

16
102.9
 38.68
100.8
 39.13
 98.30
 39.17
 98.11
 39.19
 99.18
 39.64
 91.13
 39.59
 80.58
 39.09
 79.99
 39.16

12
176.4
 40.87
172.8
 41.45
168.3
 41.47
166.7
 41.50
166.3
 41.87
153.1
 41.80
136.1
 41.40
135.7
 41.46



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
 -4.81
  0.28
 -2.21
  0.12
  0.29
 -0.02
 -8.16
  0.49
-20.52
  1.21
 -0.88
  0.05
 -4.98
  0.31
-41.66
  2.56

24
  6.67
 -0.45
 -0.98
  0.06
 -0.49
  0.03
 -8.66
  0.60
-18.92
  0.80
  0.33
 -0.02
 -3.91
  0.28
-29.45
  1.41

20
 -2.96
  0.23
 -1.72
  0.14
  0.14
 -0.01
 -6.88
  0.54
 -8.72
  0.64
  0.47
 -0.02
 -2.62
  0.22
-25.78
  1.27

16
 -8.89
  0.59
 -2.96
  0.20
 -0.47
  0.03
 -5.70
  0.38
 -7.10
  0.49
 -3.89
  0.31
 -1.48
  0.11
-33.52
  1.43

12
-12.31
  0.70
 -2.90
  0.17
 -1.42
  0.08
 -6.50
  0.38
 -6.41
  0.40
 -4.14
  0.30
 -1.10
  0.08
-31.23
  2.28

News, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]

28
 42.77
 29.63
 41.14
 29.62
 41.28
 29.66
 41.31
 29.65
 40.53
 30.14
 35.23
 30.28
 32.32
 30.01
 31.81
 30.16

24
 68.49
 32.43
 65.11
 32.52
 65.48
 32.57
 64.86
 32.58
 63.35
 33.01
 56.78
 33.26
 52.68
 32.94
 51.90
 33.09

20
118.0
 35.28
102.3
 35.33
102.0
 35.35
100.6
 35.37
 98.92
 35.80
 90.18
 35.88
 83.27
 35.57
 82.18
 35.75

16
182.2
 37.62
161.5
 38.06
160.4
 38.08
157.9
 38.10
157.0
 38.50
143.2
 38.47
132.6
 38.18
131.2
 38.31

12
286.0
 40.06
258.6
 40.67
256.0
 40.69
252.8
 40.72
251.0
 41.05
228.1
 40.97
213.9
 40.74
213.7
 40.81



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
 -3.66
  0.19
 -0.45
  0.02
  0.26
 -0.01
-10.93
  0.59
-14.76
  0.87
 -2.42
  0.15
 -3.60
  0.22
-34.16
  2.13

24
 -6.03
  0.50
 -0.07
  0.01
 -1.02
  0.09
 -7.20
  0.62
-14.25
  0.77
 -2.74
  0.27
 -2.64
  0.26
-35.21
  2.12

20
-14.17
  0.77
 -0.49
  0.04
 -1.42
  0.13
 -6.04
  0.56
 -8.27
  0.77
 -2.80
  0.28
 -2.66
  0.28
-37.94
  2.34

16
-20.38
  1.00
 -0.83
  0.07
 -1.56
  0.14
 -5.26
  0.45
 -7.22
  0.64
 -2.80
  0.27
 -2.13
  0.20
-40.50
  2.24

12
-17.47
  1.34
 -1.17
  0.09
 -1.49
  0.12
 -4.91
  0.38
 -7.03
  0.59
 -2.41
  0.22
 -0.89
  0.08
-33.90
  2.94

Silent, CIF (352 x 288), 10 frame/s, 100 frames

QP
test0
tes1
test2
test3
test4
test5
test6
test7


Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]
Btrate

kbit/s
PSNR

Y [dB]

28
 48.21
 28.65
 38.17
 28.58
 37.05
 28.64
 37.17
 28.64
 37.09
 28.94
 32.19
 29.17
 30.02
 29.05
 28.86
 29.28

24
 66.67
 30.68
 63.57
 30.81
 60.68
 30.86
 60.77
 30.87
 60.39
 31.18
 55.83
 31.45
 51.58
 31.28
 49.72
 31.42

20
116.5
 33.33
105.0
 33.14
 99.18
 33.24
 98.86
 33.25
 97.96
 33.52
 92.95
 33.73
 85.83
 33.57
 83.76
 33.61

16
181.6
 35.56
175.4
 35.82
164.0
 35.90
162.8
 35.92
163.2
 36.15
151.6
 36.20
141.6
 36.06
139.9
 36.07

12
298.0
 38.24
299.3
 38.68
280.0
 38.75
276.2
 38.77
275.0
 38.98
251.3
 38.87
236.5
 38.70
235.3
 38.72



QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
-19.08
  0.81
 -3.65
  0.17
  0.25
 -0.01
 -6.64
  0.31
-15.11
  0.70
 -2.09
  0.10
 -7.06
  0.35
-52.80
  2.61

24
 -6.92
  0.41
 -5.13
  0.32
 -0.02
  0.00
 -5.41
  0.35
-11.04
  0.71
 -3.91
  0.27
 -4.84
  0.33
-42.75
  1.83

20
 -7.01
  0.46
 -6.38
  0.46
 -0.41
  0.03
 -4.49
  0.33
 -7.23
  0.52
 -4.06
  0.32
 -2.31
  0.17
-33.62
  1.72

16
 -7.14
  0.49
 -7.34
  0.55
 -0.89
  0.07
 -2.96
  0.22
 -7.04
  0.54
 -3.74
  0.30
 -1.07
  0.08
-32.99
  1.66

12
 -6.03
  0.41
 -7.43
  0.54
 -1.55
  0.12
 -3.18
  0.24
 -6.59
  0.53
 -2.89
  0.24
 -0.66
  0.05
-26.89
  2.23

Average over seven test sequence

QP
test1 vs. test0
test2 vs. test1
test3 vs. test2
test4  vs. test3
test5  vs. test4
test6 vs. test5
test7 vs. test6
test7 vs. test0


(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]
(BR

[%]
(PSNR[dB]

28
-10.06
  0.50
 -1.24
  0.06
 -0.19
  0.01
 -9.94
  0.49
-14.58
  0.77
 -1.04
  0.07
 -5.38
  0.31
-45.12
  2.28

24
 -4.08
  0.20
 -1.48
  0.10
 -0.76
  0.05
 -7.15
  0.54
-12.86
  0.64
 -2.26
  0.17
 -4.23
  0.34
-35.19
  1.90

20
 -9.53
  0.57
 -2.48
  0.18
 -1.09
  0.08
 -5.85
  0.45
 -9.17
  0.56
 -2.28
  0.21
 -3.07
  0.28
-35.49
  1.87

16
-10.49
  0.66
 -3.24
  0.24
 -1.25
  0.09
 -5.46
  0.37
 -9.11
  0.64
 -3.22
  0.28
 -2.30
  0.19
-38.79
  1.84

12
-10.78
  0.80
 -3.94
  0.25
 -1.13
  0.08
 -5.47
  0.32
 -8.81
  0.56
 -3.23
  0.23
 -1.42
  0.09
-32.17
  2.45

Table 3. Experimental result of seven test sequences

Impact of eliminating 16x16 Intra Prediction Mode

A separate test was carried out to measure the impact of eliminating 16x16 intra prediction mode. In total 16 QCIF test sequences were used, namely, Sign Irene, akiyo, carphone, coastguard, claire, container, foreman, glasgow, hall_monitor, mother_daughter, missam, news, salesman, silent, susie and trevor.   

Even though the TML8.5 encoder selected 16(16 INTRA prediction a significant portion of the time, it is worth testing if these modes are really beneficial.  For instance, whenever 16(16 INTRA prediction is used, it is likely that similar results could be obtained by using the same prediction mode for all 16 corresponding 4(4 INTRA blocks, and without too much overhead.  For this reason, we considered the impact of disabling 16(16 INTRA prediction in the encoder.


I-only  frame coding

AVG
dBR
 (pct)
dSNR
(pct)

28
  0.1
  1.0
 -0.0
 -0.1

24
  0.0
  0.0
  0.0
  0.0

20
  0.0
  0.0
  0.0
  0.0

16
  0.1
  0.3
 -0.0
 -0.0

MIN
dBR
(pct)
dSNR
(pct)

28
  0.1
  0.6
 -0.1
 -0.2

24
  0.0
  0.0
  0.0
  0.0

20
  0.0
  0.0
  0.0
  0.0

16
  0.1
  0.2
 -0.0
 -0.1

MAX
dBR
(pct)
dSNR
(pct)

28
  0.1
  1.7
 -0.0
 -0.1

24
  0.0
  0.0
  0.0
  0.0

20
  0.0
  0.0
  0.0
  0.0

16
  0.1
  0.5
 -0.0
 -0.0

Table 4.  Effect of eliminating 16(16 INTRA prediction, using only 4(4 INTRA prediction.

Table 4 lists the average result over 16 QCIF sequences. Where dBR and dSNR denotes the delta bit-rate and delta PSNR, respectively. pct means the percentage. As shown in Table 4, there was little loss measured without 16x16 INTRA prediction. Therefore, it is suggested to remove the 16x16 intra prediction from the H.26L baseline.

Conclusions

In this contribution, the efficiency of H.26L over MPEG-4 is confirmed. The coding gains form the H.26L specific tools like multi-frame prediction, sub-8x8 motion vectors and 16x16 intra-prediction are very limited. Therefore, it is recommended to limit the number of reference frame to two for the H.26L baseline and remove sub-8x8 vector and 16x16 intra prediction modes from the H.26L baseline.

While it is very promising to see that H.26L without encoder optimization outperforms MPEG-4 SP up to 35% in bit-rate reduction, it also should be investigated why H.26L is less efficient than MPEG-4 in some sequences. UVLC table could be one reason, too many motion vector modes could be another reason which fails to produce enough skipped macroblocks after mode decision.

Although the results presented here are to be independently confirmed, they should be of help to developing the cost-effective H.26L products.   
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