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1. Introduction 

In the contribution, a 16-bit transform and quantiztion proposal is described. The proposal shares the following features:

· Least departure from the current transform and quantization used in TML, only change is the normative scales introduced to the decoder side and the corresponding scales used on the encoder side.

· Least memory requirement.

· Single quantization and inverse-quantization for the first and second level transform/inverse-transform outputs.

· full 16-bit solution, all the data access including the intermediate one is limited to 16-bit, no shifts over 16-bit

· Verified coding efficiency compared to the 32-bit solution, no coding efficiency loss throughout the entire bit-rate range.

· Easy to incorporate the finer quantization scales and quantization matrices.

· True single transform and quantization for N bits (N = 9, 10, 11, 12, 13, etc.) residuals, no bit-depth dependence.  

2. Description of Proposal

2.1 4x4  transform & quantization for 24 4x4 luminace and chrominance blocks

· 4x4 forward transform
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where {fi,j |  i,j = 0,1,2,3} and {ai,j | i,j =0,1,2,3} are the coefficient block and the pixel block, repectively. 

· Quantization

Let fi,j  be a coefficient defined above, the quantization is defined as 

LEVELi,j = (fi,j x AA(QP) + fx216)/216      (f( is in the range (0-0.5) and f has the same sign as fi,j                                <2.1>

where { Leveli,j | i,j=0, 1, 2, 3} is the quantized coefficient block, the quantization scale  AA(QP) is defined as
AA(QP=0,..,31) = {4326, 3854, 3434, 3059, 2725, 2428, 2163, 1927, 1717, 1530, 1363, 1214, 1082, 964, 858, 765, 681, 607, 541, 482, 429, 382, 341, 304, 270, 241, 215, 191, 170, 152, 135, 120}.

· Inverse Quantization

The inverse quantization is defined as follows:

f'i,j = (LEVELi,j x BB(QP) + 32)>>6              
<2.2>

where { f’i,j | i,j=0, 1, 2, 3} is the inverse-quantized coefficient block, the inverse-quantization scale  BB(QP) is defined as
BB(QP=0,..,31)={969, 1088, 1221, 1371, 1538, 1727, 1938, 2176, 2442, 2742, 3077, 3454, 3877, 4352, 4885, 5484, 6155, 6909, 7755, 8705, 9771, 10968, 12311, 13819, 15511, 17411, 19543, 21936, 24622, 27638, 31022, 34822}

BB(QP) is in 16-bit, the relation between AA() and BB() is: AA(QP) x BB(QP) = 222. 

· 4x4 inverse transform
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In the above transform, the output of the vertical transform {b’i,j | i,j=0,1,2,3}  is in 16-bit, the reconstructed pixel block where { a’i,j | i,j=0, 1, 2, 3} is the reconstructed pixel block. is in 9-bit.

2.2 4x4  transform & quantization for  one 4x4 luminace DC block

· 4x4 forward transform
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· Quantization

The same quantization <2.1> is applied to the luminance DC coefficient block  

· Inverse quantization

On the decoder side, the same inverse-quantization <2.2> is used.

· 4x4 Inverse transform
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2.3 2x2 transform & quantization for two 2x2 chrominance DC blocks

· 2x2 forward transform

The 2 dimensional 2x2 transform procedure is illustrated below.  DC0,1,2,3 are the DC coefficients of 2x2 chroma blocks.


DC0
DC1    Two dimensional 2x2 transform  (
DDC(0,0)
DDC(1,0)


DC2
DC3
DDC(0,1)
DDC(1,1)

Definition of transform:

DCC(0,0) = (DC0+DC1+DC2+DC3)//2

DCC(1,0) = (DC0-DC1+DC2-DC3)//2

DCC(0,1) = (DC0+DC1-DC2-DC3)//2







DCC(1,1) = (DC0-DC1-DC2+DC3)//2

· Quantization

The same quantization of <2.1> is used.
· Inverse quantization

The same inverse quantization of <2.2> is used. 

· 2x2 inverse transform
DC0 = (DCC(0,0)+ DCC(1,0)+ DCC(0,1)+ DCC(1,1))//2

DC1 = (DCC(0,0)- DCC(1,0)+ DCC(0,1)- DCC(1,1))//2

DC2 = (DCC(0,0)+ DCC(1,0)- DCC(0,1)- DCC(1,1))//2








DC3 = (DCC(0,0)- DCC(1,0)- DCC(0,1)+ DCC(1,1))//2

The following table summarises the bit precision of each processing step for 9-bit input by using the proposed 16-bit based transform and quantization. 
4x4  transform & quantization for 24 4x4 luminace and chrominance blocks

Operation
Input data precison
output data precision
comments

4x4 forward transform
9-bit
14-bit


Quantization
14-bit  and 13-bit
10-bit
shift of 16 and 15 bit is required

Inverse-Quantization
10-bit and 16-bit
14-bit
shift of 4 bit is required

4x4 inverse transform
14-bit
9-bit
shift of 4 and 8 bit is required

4x4  transform & quantization for one 4x4 luminace DC  block

4x4 forward transform
14-bit
16-bit
shift of 2 bit needed

Quantization
16-bit  and 13-bit
12-bit
shift of 16 and 15 bit is required

Inverse-Quantization
12-bit and 16-bit
16-bit


4x4 inverse transform
16-bit
14-bit
shift of  2 bit required

2x2  transform & quantization for two 2x2  Chrominace  DC  blocks

4x4 forward transform
14-bit
15-bit


Quantization
15-bit  and 13-bit
11-bit
shift of 16 and 15 bit is required

Inverse-Quantization
11-bit and 16-bit
15-bit


4x4 inverse transform
15-bit
14-bit
shift of  2 bit required

Table 1.  data storage precision and bit-shift in the 16-bit based transform and quantization

3. Extension to Finer Quantization Scales 

The finer QP could be –8, which corresponds to the finest quantization scale 1. It is easy to extend the proposal to incorporate the finer quantization scale, namely, QP = -8, -7, …-1 by simply adding eight more entrie to the AA and BB array, i.e. 

AA(QP=-8,..,31) = {

10902,9712,8653,7709,6868,6118,5451,4856,4326,3854,3434,3059,2725,2428,2163,1927,1717,1530,1363,1214,1082,964,858,765,681,607,541,482,429,382,341,304,270,241,215,191,170,152,135,120}.

BB(QP=-8,..,31)={ 384,431,484,544,610,685,769,863,969,1088,1221,1371,1538,1727,1938,2176,2442,2742,3077,3454,3877,4352,4885,5484,6155,6909,7755,8705,9771,10968,12311,13819,15511,17411,19543,21936,24622,27638,31022,34822}

The quantization and inverse-quantization formula remains unchanged. Note that AA and BB are still in 16-bit precision, so a full 16-bit solution is still maintained even with the finer quantization scales.

4. Extension to Quantization Matrices

It is also straightforward to incorporate quantization matrices.  With the quantization matrices the  quantization and inverse quantization  become:

Quantization: LEVELi,j = (fi,j x AA(QP+W(i,j)) + fx216)/216      (f( is in the range (0-0.5) and f has the same sign as fi,j                                
Inverse-Quantization: f'i,j = (LEVELi,j x BB(QP+W(i,j)) + 32)>>6            

Where W(i,j) is the quantization matrix.

5. Experimental Results

TML8.5 software was used to verify the proposal above for 9-bit residual case. The original TML8.5 software was treated as the reference of 32-bit solution, then the 16-bit transform and quantization was integrated into the software to test the proposed 16-bit solution. The following test conditions were set both for the 32-bit and 16-bit cases.  

 Hadamard transform                : Used

 Image format                      : 176x144

 Error robustness                  : Off

 Search range                      : 16

 MV resolution                     : 1/4-pel

 No of ref. frames used in P pred  : 5

 Sequence type                     : IPPP  

 Entropy coding method             : UVLC

 Search range restrictions         : none

 RD-optimized mode decision        : used

 Data Partitioning Mode            : 1 partition 

 Output File Format                : H.26L File Format 

The test sequences used were H.26L test sequences [2], QP = 0, 2, 4, 8, 12, 16, 20, 24, 28 were used to simulate various bit-rates. Experimental results on the seven H.26L test sequences were listed in Table 2, where AV denotes the average result over the nine quantization scales used. As shown in Table 2, the proposed 16-bit method provides almost the identical coding efficiency to the 32-bit transform and quantization currently used in TML.. 

Container, QCIF (176 x144), 10 frame/s, 100 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
48.33 49.88 50.26
 344.75
48.34 49.95 50.27
 346.89
 0.01  0.07  0.01
  2.14

 2
46.71 48.72 48.96
 262.42
46.80 48.82 49.04
 267.06
 0.09  0.10  0.08
  4.64

 4
45.00 47.33 47.55
 196.82
44.92 47.35 47.58
 193.54
-0.08  0.02  0.03
 -3.28

 8
41.70 45.21 45.28
 101.96
41.80 45.18 45.39
 103.45
 0.10 -0.03  0.11
  1.49

12
38.76 42.83 42.72
  50.62
38.79 42.78 42.78
  50.66
 0.03 -0.05  0.06
  0.04

16
36.08 40.44 40.06
  25.58
36.06 40.51 40.01
  25.43
-0.02  0.07 -0.05
 -0.15

20
33.53 38.94 38.45
  14.26
33.46 38.80 38.45
  14.17
-0.07 -0.14  0.00
 -0.09

24
30.77 37.34 36.82
   8.53
30.71 37.34 36.68
   8.51
-0.06  0.00 -0.14
 -0.02

28
27.94 36.64 35.65
   4.94
27.99 36.64 35.54
   5.02
 0.05  0.00 -0.11
  0.08

AV
38.76 43.04 42.86
 112.21
38.76 43.04 42.86
 112.75
 0.01  0.00 -0.00
  0.54

News, QCIF (176 x144), 10 frame/s, 100 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
48.70 49.31 49.84
 297.33
48.68 49.31 49.89
 298.29
-0.02  0.00  0.05
  0.96

 2
47.24 48.11 48.66
 238.70
47.31 48.21 48.80
 241.49
 0.07  0.10  0.14
  2.79

 4
45.72 46.70 47.26
 192.56
45.66 46.64 47.19
 191.02
-0.06 -0.06 -0.07
 -1.54

 8
42.73 44.52 44.95
 123.83
42.82 44.53 45.03
 125.31
 0.09  0.01  0.08
  1.48

12
39.79 41.94 42.56
  78.53
39.80 41.95 42.59
  78.76
 0.01  0.01  0.03
  0.23

16
36.86 39.15 39.63
  48.74
36.84 39.16 39.55
  48.12
-0.02  0.01 -0.08
 -0.62

20
33.93 37.55 38.32
  30.22
33.91 37.57 38.28
  29.95
-0.02  0.02 -0.04
 -0.27

24
31.09 36.04 36.74
  18.49
31.07 35.92 36.77
  18.27
-0.02 -0.12  0.03
 -0.22

28
28.15 34.61 35.65
  10.78
28.21 34.67 35.52
  10.88
 0.06  0.06 -0.13
  0.10

AV
39.36 41.99 42.62
 115.46
39.37 42.00 42.62
 115.79
 0.01  0.00  0.00
  0.32

Foreman, QCIF (176 x144), 10 frame/s, 100 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
48.07 48.35 49.10
 639.92
48.08 48.36 49.14
 643.27
 0.01  0.01  0.04
  3.35

 2
46.45 46.78 48.05
 503.02
46.57 46.93 48.14
 511.54
 0.12  0.15  0.09
  8.52

 4
44.81 45.25 46.88
 392.11
44.70 45.20 46.90
 385.95
-0.11 -0.05  0.02
 -6.16

 8
41.63 42.71 44.99
 232.81
41.76 42.78 45.14
 237.46
 0.13  0.07  0.15
  4.65

12
38.73 40.72 42.78
 137.16
38.73 40.70 42.77
 136.73
 0.00 -0.02 -0.01
 -0.43

16
36.08 39.12 40.59
  79.55
36.02 39.06 40.62
  78.94
-0.06 -0.06  0.03
 -0.61

20
33.65 37.85 38.95
  47.81
33.66 37.92 38.95
  47.73
 0.01  0.07  0.00
 -0.08

24
31.41 36.67 37.46
  29.64
31.38 36.70 37.40
  29.75
-0.03  0.03 -0.06
  0.11

28
28.83 35.94 36.49
  18.66
28.89 35.98 36.58
  18.86
 0.06  0.04  0.09
  0.20

AV
38.85 41.49 42.81
 231.19
38.87 41.51 42.85
 232.25
 0.01  0.03  0.04
  1.06

Paris, CIF (352 x288), 15 frame/s, 200 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
47.98 48.43 48.95
2766.44
47.98 48.47 49.01
2777.69
 0.00  0.04  0.06
 11.25

 2
46.24 47.15 47.59
2018.08
46.29 47.26 47.69
2051.29
 0.05  0.11  0.10
 33.21

 4
44.56 45.75 46.13
1501.65
44.50 45.82 46.10
1482.11
-0.06  0.07 -0.03
-19.54

 8
41.54 43.44 43.67
 885.72
41.61 43.49 43.73
 897.51
 0.07  0.05  0.06
 11.79

12
38.56 40.87 41.00
 552.75
38.56 40.84 41.01
 552.44
 0.00 -0.03  0.01
 -0.31

16
35.61 38.41 38.40
 338.60
35.54 38.39 38.40
 336.84
-0.07 -0.02  0.00
 -1.76

20
32.67 36.44 36.67
 200.35
32.65 36.45 36.72
 198.59
-0.02  0.01  0.05
 -1.76

24
29.78 34.63 34.98
 113.02
29.75 34.64 34.89
 112.09
-0.03  0.01 -0.09
 -0.93

28
26.85 33.14 33.63
  60.48
26.89 33.13 33.54
  60.96
 0.04 -0.01 -0.09
  0.48

AV
38.20 40.92 41.22
 937.45
38.20 40.94 41.23
 941.06
-0.00  0.03  0.01
  3.60

Silent, QCIF (176 x144), 15 frame/s, 200 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
48.62 48.85 49.27
 411.10
48.61 48.86 49.26
 412.79
-0.01  0.01 -0.01
  1.69

 2
46.90 47.47 47.93
 322.95
46.98 47.60 48.01
 327.83
 0.08  0.13  0.08
  4.88

 4
45.24 46.03 46.54
 255.97
45.15 45.91 46.53
 252.75
-0.09 -0.12 -0.01
 -3.22

 8
41.96 43.30 44.00
 158.93
42.02 43.39 44.14
 161.26
 0.06  0.09  0.14
  2.33

12
38.86 40.72 41.47
  99.04
38.87 40.77 41.54
  99.20
 0.01  0.05  0.07
  0.16

16
35.96 38.32 39.22
  60.90
35.89 38.33 39.15
  60.51
-0.07  0.01 -0.07
 -0.39

20
33.31 36.53 37.99
  37.10
33.30 36.54 37.95
  37.08
-0.01  0.01 -0.04
 -0.02

24
30.73 35.05 36.83
  21.98
30.74 35.03 36.85
  21.88
 0.01 -0.02  0.02
 -0.10

28
28.22 34.39 36.16
  12.27
28.18 34.23 36.12
  12.29
-0.04 -0.16 -0.04
  0.02

AV
38.87 41.18 42.16
 153.36
38.86 41.18 42.17
 153.95
-0.01  0.00  0.02
  0.59

Mobile, CIF (352 x288), 30 frame/s, 300 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
47.69 48.00 48.05
11803.55
47.69 48.04 48.08
11860.73
 0.00  0.04  0.03
 57.18

 2
46.00 46.31 46.36
9622.09
46.11 46.47 46.52
9744.33
 0.11  0.16  0.16
122.24

 4
44.26 44.57 44.64
7768.62
44.12 44.49 44.52
7681.96
-0.14 -0.08 -0.12
-86.66

 8
40.76 41.30 41.33
4885.20
40.92 41.44 41.47
4960.56
 0.16  0.14  0.14
 75.36

12
37.39 38.16 38.15
2937.67
37.40 38.15 38.15
2936.84
 0.01 -0.01  0.00
 -0.83

16
34.09 35.24 35.14
1636.14
34.02 35.18 35.09
1619.62
-0.07 -0.06 -0.05
-16.52

20
30.92 33.17 32.99
 836.24
30.87 33.17 33.02
 828.42
-0.05  0.00  0.03
 -7.82

24
28.03 31.29 31.02
 422.13
28.01 31.31 31.01
 418.93
-0.02  0.02 -0.01
 -3.20

28
25.19 30.06 29.66
 236.62
25.25 30.03 29.63
 238.08
 0.06 -0.03 -0.03
  1.46

AV
37.15 38.68 38.59
4460.92
37.15 38.70 38.61
4476.61
 0.01  0.02  0.02
 15.69

Tempete, CIF (352 x288), 30 frame/s, 260 frames

QP
32-bit Transform & Quantization
16-bit Transform & Quantization
Difference (16-bit vs. 32-bit)


PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s
PSNR(Y,U,V) [dB]
Kbit/s

 0
47.90 48.31 48.36
10144.16
47.90 48.34 48.38
10193.08
 0.00  0.03  0.02
 48.92

 2
46.28 46.66 46.78
8129.68
46.39 46.82 46.92
8249.42
 0.11  0.16  0.14
119.74

 4
44.64 44.97 45.25
6463.40
44.51 44.89 45.17
6383.77
-0.13 -0.08 -0.08
-79.63

 8
41.34 41.85 42.66
3931.94
41.48 41.98 42.76
3999.89
 0.14  0.13  0.10
 67.95

12
38.16 39.01 40.40
2298.97
38.16 39.01 40.40
2298.38
 0.00  0.00  0.00
 -0.59

16
35.07 36.70 38.57
1244.52
35.01 36.67 38.54
1231.72
-0.06 -0.03 -0.03
-12.80

20
32.17 35.16 37.25
 621.91
32.11 35.16 37.23
 616.90
-0.06  0.00 -0.02
 -5.01

24
29.52 33.64 35.87
 313.12
29.50 33.64 35.87
 311.14
-0.02  0.00  0.00
 -1.98

28
26.85 32.57 34.93
 168.29
26.87 32.53 34.88
 169.67
 0.02 -0.04 -0.05
  1.38

AV
37.99 39.87 41.12
3701.78
37.99 39.89 41.13
3717.11
 0.00  0.02  0.01
 15.33

Table 2.  Experimental results on seven H.26L test sequences

6. Conclusions

The proposed 16-bit transform and quantization is the simplest solution of implementing the current H.26L transform and quantization fully in 16-bit arithmetic in terms of computational complexity and memory requirement. Experimental results verified that the proposed 16-bit method has the same coding efficiency as the current 32-bit one used in TML. With the proposed method it is also easy to satisfy the requirements like finer quantization scales and quantization matrices which were widely used in MPEG-1, MPEG-2, and MPEG-4. 
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