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1. Introduction

In H.26L both the transform and quantization are designed for 32-arithmetic. However, in the typical H.26L application such as wireless video on demand, the hand devices are normally powered by 16-bit chipsets that have low-cost, low power consumption.  It is very expensive to implement 32-bit based transform and quantization on 16-bit devices. Therefore, it is of interests to H.26L adoption that a 16-bit, instead of 32-bit, based transform and quantization is supported.

In this document, we will briefly analyze the 32-bit based 4x4 transform and quantization currently used in H.26L, then propose a 16-bit based transform and quantization. Finally, simulation results will show that the proposed 16-bit method has the same coding efficiency as the 32-bit method but much less complexity.
2. 32-bit based Transform and Quantization in H.26L


In H.26L, a macroblock contains one 16x16 luminance block (Y) and two 8x8 chrominance blocks(U, V), which yeild in total 24 4x4 blocks (i.e. sixteen 4x4 Y blocks, four 4x4 U blocks and four 4x4 V blocks). After 4x4 tranform on those blocks, DC values of the chrominace blocks form two 2x2 chrominance DC blocks, and 2x2 transform is further carried out on these two DC blocks.


In 16x16 intra-coded mode, the DC values from the 16 luminace blocks further form a 4x4 luminace DC block, an additional 4x4 transform is performed on this block. Therefore, there are three kinds of transform and quantization in H.62L [1], namely:


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

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

· 2x2 transform & quantization for two 2x2 chrominance DC blocks

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

· 4x4 forward transform

The 4x4 forward transform is defined as:
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<2.0>

where {ai,j | i,j =0,1,2,3} denotes the residual pixel block whose vaue is in [-255:255],   {Fi,j |  i,j = 0,1,2,3} is the coefficient block.. Since the forward transform contains no normalization, the coefficient has 21-bit precision (i.e. minimum value is -52*52*255)

· Quantization

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

LEVELi,j = (Fi,j x A(QP) + fx220)/220      (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  A(QP) is defined as
A(QP=0,..,31) = {620,553,492,439,391,348,310,276,246,219,195,174,155,138,123,110,98,87,78,69,62,55,49,44,39,35, 31,27,24,22,19,17}

Here, A(QP) is in  10-bit (maximum 620), the quantized coefficient block has 10-bit precision (minimum -408 = (-52*52*255*620 + 219 )/220).

· Inverse Quantization

The inverse quantization is defined as:

F'i,j = LEVELi,j x B(QP)                                                                                                                                                      <2.2>

where { F’i,j | i,j=0, 1, 2, 3} is the inverse-quantized coefficient block, the inverse-quantization scale  B(QP) is defined as
B(QP=0,..,31)={3881, 4351, 4890, 5481, 6154, 6914, 7761, 8718, 9781, 10987, 12339, 13828, 15523, 17435, 19561, 21873, 24552, 27656, 30847,  34870,38807,43747,49103,54683,61694,68745,77615,89113,100253,109366,126635,141533 }

The relation between A() and B() is: A(QP)xB(QP)x6762 = 240. 

Here, B(QP) is in 18-bit, the inverse-quantized coefficient block is in 22-bit (minimum: -220x52x52x255/6762).

· 4x4 inverse transform
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      < 2.3>

where { a’i,j | i,j=0, 1, 2, 3} is the reconstructed pixel in the range of [-255:255]. Here and hereafter “//” denotes rounding. The definition of transform and quantization is designed so that no overflow will occur with use of 32 bit arithmetic.

2.2 4x4 trandform & quantization for one 4x4 luminance DC block

· 4x4 forward transform 

In H.26L if a macroblock is encoded as 16x16 intra mode, the DC values { Di,j | i, j =0, 1, 2, 3} (21-bit, minimum value –52x52x255) from the 16 4x4 luminance coefficient blocks (i.e. after transform defined in <2.0>) forms one 4x4 luminance DC block. A 4x4 transform is perfomed on this block.
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<2.4>

Note that the minimum value after the transform above is -2788044 (-52x52x52x52x255x49/215), Therefore, the luminance DC coefficient block {FDi,j | i, j =0, 1, 2, 3} is in 23-bit.

· Quantization

The same quantization <2.1> is applied to the luminance DC coefficient block  {FDi,j | i, j =0, 1, 2, 3},  which results the quantized luminance DC coefficient block in 12-bit.

· Inverse-quantization 

On the decoder side, the same inverse-quantization <2.2> is used to get the inverse-quantized luminance DC coefficient block {F’Di,j | i, j =0, 1, 2, 3}. As it can be obtained from <2.2>, the invere quantization output is in 24-bit (minimu value 

 -6397438= (-52x52x52x52x255x49/215)x(220/6762)).

· Inverse  transform 

The inverse-transform is defined by 
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<2.5>

The inverse-transform output is in 22-bit  (minimum value  -1616735 (-52x52x52x52x255x49x48x13x13/230)x(220/6762)).

(In the actual H.26L software implementation, the inverse-quantization and inverse-transform are combined, the inverse-transform happens first followed by the inverse-quantization in the spatial domain)

2.3 2x2 trandform & 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








<2.6>


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

Since the input data is in 21-bit, the data precision after 2x2 transform is 22 bit.

· Quantization

The same quantization of <2.1> is used. The input data precision is in 22-bit, the output data is in 11-bit.

· Inverse quantization

The same quantization of <2.2> is used. The input data precision is in 11-bit, the output data is in 23-bit.

· 2x2 inverse transform
Definition of 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






<2.7>

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

 The input data is in 23-bit, the data precision after 2x2 inverse transform is 22-bit.

The following table summarises the bit precision of each processing step. Obviously, it is very expensive to implement such a transform and quantization method on the 16-bit based devices, because it requires 32-bit data storage 32-bit based multiplication. As a matter of fact, even for 32-bit based devices, 32-bit based multiplication is usually not supported. Therefore, it is important for a video standard to avoid not only the division but also the 32-bit based multiplication.

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

Operation
Input data precison
output data precision
comments

4x4 forward transform
9-bit
21-bit


Quantization
21-bit  and 10-bit
10-bit
shift of 20 and 19 bit is required

Inverse-Quantization
10-bit and 18-bit
22-bit


4x4 inverse transform
22-bit
9-bit
shift of 20 bit required

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

4x4 forward transform
21-bit
23-bit
shift of 15 bit needed

Quantization
23-bit  and 10-bit
12-bit
shift of 20 and 19 bit is required

Inverse-Quantization
12-bit and 18-bit
24-bit


4x4 inverse transform
24-bit
22-bit
shift of 15 bit required

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

4x4 forward transform
21-bit
22-bit


Quantization
22-bit  and 10-bit
11-bit
shift of 20 and 19 bit is required

Inverse-Quantization
11-bit and 18-bit
23-bit


4x4 inverse transform
23-bit
22-bit


Table 1.  data storage precision and bit-shift in the 32-bit based transform and quantization

3. 16-bit based Transform and Quantization 


.In order to enable the 16-bit based operation, we propose the following transform and quantization.

3.1  4x4  transform & quantization for 24 4x4 luminace and chrominance blocks

· 4x4 forward transform
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    <3.0>

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. Note that {fi,j |  i,j = 0,1,2,3} is in 14-bit (minimum vaule: -52x52x255x256/(169x169)). Obviously,  the relation between <3.0> and <2.0> statisfies: 
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To avoid devision, the forward transform can be implemented in two steps:


[image: image7.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

-

-

-

-

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

33

32

31

30

23

22

21

20

13

12

11

10

03

02

01

00

33

32

31

30

23

22

21

20

13

12

11

10

03

02

01

00

7

17

17

7

13

13

13

13

17

7

7

17

13

13

13

13

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

                                                            <3.0a>


[image: image8.wmf]15

33

32

31

30

23

22

21

20

13

12

11

10

03

02

01

00

33

32

31

30

23

22

21

20

13

12

11

10

03

02

01

00

2

//

  

4111

-

  

7636

    

9986

-

  

7636

 

9986

    

7636

-

  

4111

-

  

7636

 

9986

-

   

7636

-

  

4111

   

7636

 

4111

    

7636

   

9986

   

7636

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

                               <3.0b>

The final results are obtained by a right shift of 15 bit after the second step horizontal transform.

· 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                                  <3.1>

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) = {4323, 3856, 3431, 3061, 2726, 2427, 2162, 1925, 1715, 1527, 1360, 1213, 1081, 962, 858, 767, 683, 607, 544, 481, 432, 384, 342, 307, 272, 244, 216, 188, 167, 153, 132, 119}.

Here, AA(QP) is in  13-bit (maximum 4323), the quantized coefficient block has 10-bit precision (minimum -408 = (-2x52x255x4323x256/169/169 + 215 )/216).

Note that <3.1> is mathematically equivalent to <2.1> because of the fact that 
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Therefore, the proposed transform and quantization has hardly influence on coding efficiency compared to the 32-bit based one. 

· Inverse Quantization

The inverse quantization is defined as follows:

f'i,j = (LEVELi,j x BB(QP) + fx8)/16              |f| =1 and f has the same sign as LEVELi,j.                                             <3.2>

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)={ 242, 271, 305, 342, 384, 432, 485, 544, 611, 686, 771, 864, 970, 1089, 1222, 1367, 1535, 1727, 1927, 2179, 2427, 2730, 3066, 3415, 3855, 4297, 4854, 5577, 6278, 6853, 7943, 8811}

BB(QP) is in 14-bit, the relation between AA() and BB() is: AA(QP) x BB(QP) = 220. Hence, the inverse quantized coefficient block { f’i,j | i,j=0, 1, 2, 3} is in 14-bit.

· 4x4 inverse transform

The inverse transform is defined as: 
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 <3.3>

where { a’i,j | i,j=0, 1, 2, 3} is the reconstructed pixel block. 

To keep 16-bit operation, the following two-step implementation can be used
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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 is in 9-bit.

3.2  4x4  transform & quantization for one 4x4 luminace DC block

· 4x4 forward transform

For  16x16 intra mode in H.26L,  the DC values { di,j | i, j =0, 1, 2, 3} (14-bit, minimum value –52x52x255x256/169/169) from the 16 4x4 luminance coefficient blocks (i.e. after transform defined in <3.0>) forms one 4x4 luminance DC block. A 4x4 transform is perfomed on this block.
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<3.4>

Note that the minimum value after the transform above is -24721 (-52x52x255x256x4/169/169), Therefore, the luminance DC coefficient block {fDi,j | i, j =0, 1, 2, 3} is in 16-bit.

· Quantization

The same quantization <3.1> is applied to the luminance DC coefficient block  {fDi,j | i, j =0, 1, 2, 3},  which results the quantized luminance DC coefficient block in 12-bit.

· Inverse quantization

On the decoder side, the same inverse-quantization <3.2> is used to get the inverse-quantized luminance DC coefficient block {f’Di,j | i, j =0, 1, 2, 3}. As it can be obtained from <3.2>, the invere quantization output is in 16-bit. 
· 4x4 Inverse trandform

The inverse-transform is defined by 
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  <3.5>

The inverse-transform output {d’i,j | i, j =0, 1, 2, 3} is in 14-bit  (16-bit, minimum value –52x52x255x256x4/169/169/4).

3.3 2x2 transform & quantization for two 2x2 chrominance DC blocks

· 2x2 forward transform

The same transform of <2.6> is used, since the input data is in 14-bit, the data precision after 2x2 transform is 15-bit.

· Quantization

The same quantization of <3.1> is used. The input data precision is in 15-bit, the output data is in 11-bit.

· Inverse quantization

The same quantization of <3.2> is used. The input data precision is in 11-bit, the output data is in 15-bit.

· 2x2 inverse transform
The same inverse-transform of <2.7> is used. The input data is in 15-bit, the data precision after 2x2 inverse transform is 14-bit.

The following table summarises the bit precision of each processing step by using the proposed 16-bit based transform and quantization. Obviously, the proposed method only requires 16-bit data storage and bit-shift, and therefore avoids the expensive 32-bit based multiplication in each step.

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 14-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 14-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 14-bit
15-bit


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

Table 2.  data storage precision and bit-shift in the 16-bit based transform and quantization

4. Experimental Results

In order to verify the coding performance,  the proposed 16-bit based transform and quantization <3.0a> <3.0b> <3.1> <3.2> <3.3a> <3.3b> <3.4> and <3.5> is integrated into the H.26L reference software TML-8.0 [2].  Perfect match is achieved between the encoder and decoder of the modified software. The original TML-8.0 with 32-bit transform and quantization serves as reference for the performance comparison.  The following coding parameters are used on the encoding side:

 Freq. for encoded bitstream       : 10

 Hadamard transform                : Used

 Image format                      : 176x144

 Error robustness                  : Off

 Search range                      : 16

 MV resolution                     : 1/8-pel

 No of ref. frames used in P pred  : 5

 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 

In total eight test sequences are used. Sequences are encoded in I-frame only mode and IPPP mode. The I-frame only mode is mainly used for testing the proposed luminance DC block transform <3.4><3.5>. The experimental results are listed in Table 3 to 6.

TML8.0, I-frame only, 10 frame/s, 100 frames, QCIF,  QP = 17

Sequence
H.26L with 32-bit transform & quantization
H.26L with Proposed 16-bit transform & quantization


Y(dB)
U(dB)
V(dB)
Rate(kbps)
Y(dB)
U(dB)
V(dB)
Rate(kbps)

Akiyo
38.35
39.94
40.85
202.27
38.38
39.94
40.88
203.02

Coastgd.
34.80
41.58
44.08
302.67
34.83
41.60
44.11
304.04

Container
36.63
40.27
40.16
244.15
36.65
40.31
40.18
245.48

Foreman
36.17
39.79
40.71
248.55
36.20
39.82
40.74
249.87

Hall
37.46
38.71
40.68
230.42
37.48
38.75
40.70
231.61

M&D
37.58
40.37
41.54
159.24
37.60
40.40
41.57
159.98

News
37.00
39.27
39.69
277.37
37.02
39.30
39.71
278.38

Silent
35.71
37.69
38.67
264.04
35.73
37.72
38.70
265.15

Average
36.71
39.70
40.80
241.09
36.74
39.73
40.82
242.19

Table 3.  Coding results for I-frame only mode with QP = 17

TML8.0, I-frame only, 10 frame/s, 100 frames, QCIF,  QP = 26

Sequence
H.26L with 32-bit transform & quantization
H.26L with Proposed 16-bit transform & quantization


Y(dB)
U(dB)
V(dB)
Rate(kbps)
Y(dB)
U(dB)
V(dB)
Rate(kbps)

Akiyo
32.10
36.37
36.81
87.21
32.07
36.39
36.83
88.08

Coastgd.
28.80
39.30
41.19
103.62
28.79
39.30
41.20
103.59

Container
30.48
36.92
36.24
98.29
30.47
36.92
36.25
98.30

Foreman
30.14
37.15
37.17
88.62
30.11
37.15
37.17
88.72

Hall
30.64
36.48
39.22
97.63
30.61
36.47
39.22
97.92

M&D
31.99
38.21
38.81
57.20
31.94
38.21
38.81
57.29

News
30.12
35.39
36.38
122.43
30.11
35.39
36.38
122.40

Silent
29.96
34.61
36.74
91.54
29.92
34.61
36.74
91.75

Average
30.53
36.80
37.82
93.32
30.50
36.81
37.83
93.50

Table 4.  Coding results for I-frame only mode with QP = 26

TML8.0, IPPPPP, 10 frame/s, 100 frames, QCIF,  QP = 17

Sequence
H.26L with 32-bit transform & quantization
H.26L with Proposed 16-bit transform & quantization


Y(dB)
U(dB)
V(dB)
Rate(kbps)
Y(dB)
U(dB)
V(dB)
Rate(kbps)

Akiyo
37.77
39.63
40.74
13.84
37.74
39.61
40.70
13.80

Coastgd.
33.57
41.17
43.42
109.04
33.59
41.13
43.51
109.26

Container
35.58
39.61
39.55
19.81
35.60
39.77
39.53
19.81

Foreman
35.38
39.51
39.96
67.48
35.40
39.48
39.98
68.07

Hall
36.67
38.51
40.77
28.38
36.71
38.48
40.77
28.55

M&D
36.90
40.38
41.47
24.38
36.93
40.39
41.51
24.41

News
36.15
38.49
38.96
42.87
36.19
38.56
39.07
42.95

Silent
35.19
37.43
38.59
43.36
35.22
37.52
38.63
43.49

Average
35.90
39.34
40.43
43.65
35.92
39.37
40.46
43.79

Table 5.  Coding results for IPPPPP  mode with QP = 17

TML8.0, IPPPPPP, 10 frame/s, 100 frames, QCIF,  QP = 26

Sequence
H.26L with 32-bit transform & quantization
H.26L with Proposed 16-bit transform & quantization


Y(dB)
U(dB)
V(dB)
Rate(kbps)
Y(dB)
U(dB)
V(dB)
Rate(kbps)

Akiyo
31.79
35.65
36.46
5.15
31.70
35.81
36.51
5.11

Coastgd.
27.78
39.75
39.89
22.21
27.79
39.78
39.98
22.36

Container
29.62
36.84
36.01
6.99
29.59
36.85
36.05
7.02

Foreman
29.64
36.95
36.82
24.90
29.67
36.98
36.94
25.02

Hall
30.29
36.17
38.75
9..93
30.20
36.24
38.81
9.92

M&D
31.28
38.38
38.86
7.21
31.24
38.27
38.97
7.17

News
29.54
35.13
36.18
14.91
29.51
35.02
36.14
15.03

Silent
29.45
34.56
36.66
13.57
29.47
34.59
36.68
13.55

Average
29.92
36.68
37.45
13.11
29.90
36.69
37.51
13.15

Table 6.  Coding results for IPPPPP  mode with QP = 26

As shown in Table 3-6, the proposed 16-bit method is comparable to the 32-bit method in terms of coding efficiency.  However, the implementation complexity of the transform and quantization is greatly reduced by using the proposed 16-bit method. As an example, the following table demonstrates the cycle difference between a 32-bit based and a 16-bit based 4x4 inverse-transform on typical 16-bit DSPs. The 32-bit based inverse-transform consumes about 736 cycles per 4x4 block, while the 16-based only needs about 176 cycles for the same 4x4 block. Considering that a macroblock could need 25 times of 4x4 inverse-transform in the worst case, the 32-bit based inverse-transform requires about 18,400 cycles/macroblock, which makes the inverse-transform one of the bottlenecks in the current H.26L decoder implementation. While with the proposed 16-bit based transform, the cycle count for inverse-transform is reduced to 4,400 cycles/macroblock, which is about 4x speedup for the inverse-transform. Also, memory requirement of the transform and quantizaion is cut by about half by using the proposed method.

32-bit based 4x4 inverse-transform
16-bit based 4x4 inverse-transform

operation
count
cycles
operation
count
cycle

(a+b)*3 or (a-b)*3
16
160  ( 16 x 10)
sum += c*d
32
160 (32 x 5)

a*7or a *17
32
224  (32 x   7)




a+b or a-b
48
336  (48x  7)




overhead
1
16
overhead
1
16

Total
736
Total
176

Note: a, b in 32-bit, c, d in 16-bit. Operations include data loading and storing

Table 7.  Cycle count of 4x4 inverse-transform: 32-bit vs. 16-bit

5. Conclusions


The experimental results reavel that the proposed 16-bit method has comparable coding efficiency to the 32-bit method. Since H.26L is typically for the applications like wireless video in which low-cost and low power consumption end devices are deployed,  the proposed 16-bit transform and quantization method should be adopted in H.26L to facilicate the H.26L adoption. 
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Annex 1: Proposed new text for the TML document

3.5.9.2 Residual coding

The residual coding is based on 4x4 transform.  But similar to coding of chroma coefficients, another 4x4 transform to the 16 DC coefficients in the macroblock are added.  In that way we end up with an overall DC for the whole MB which works well in flat areas.

Only single scan is used for 16x16 intra coding.

To produce the bitstream, we first scan through the 16 ‘DC transform’ coefficients.  There is no ‘CBP’ information to indicate no coefficients on this level.  If AC = 1 (see below) ac coefficients of the 16 4x4 blocks are scanned.  There are 15 coefficients in each block since the DC coefficients are included in the level above.

4 Transform and inverse transform

This section defines all elements related to transform coding and decoding.  It is therefore relevant to all the syntax elements 'Tcoeff' in the syntax diagram.

4.1 4x4 block size

Instead of DCT, an integer transform with basically the same coding property as a 4x4 DCT is used. The transformation of transform  4x4 block {ai,j | i,j =0,1,2,3} into 4x4 coefficient block {fi,j |  i,j = 0,1,2,3} is defined by:
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The inverse transformation of transform 4x4 coefficient block {fi,j |  i,j = 0,1,2,3} into 4x4 block {ai,j | i,j =0,1,2,3} is defined by:
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where “//” denotes rounding.

For 4x4 luminance DC block, the following 4x4 transform and inverse transform is used.

The transformation of transform 4x4 luminance DC block {di,j | i,j =0,1,2,3} into 4x4 coefficient block {fDi,j | i, j =0, 1, 2, 3}  is defined by:
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The inverse transformation of transform 4x4 coefficient block {fDi,j | i, j =0, 1, 2, 3} into 4x4 luminance DC block {di,j | i,j =0,1,2,3} into is defined by:
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4.3.3 Quantization

The quantization/dequantization process shall perform 'normal' quantization/dequantization. 32 different QP values are used.  They are arranged so that there is an increase of step size of about 12% from one QP to the next. Increase of QP by 6 means that the step size is about doubled.  There is no 'dead zone' in the quantization process and the total range of step size from smallest to largest is about the same as for H.263.

The QP signalled in the bitstream applies for luma quantization/dequantization.  This could be called QPluma.  For chroma quantization/dequantization a different value - QPchroma - is used.  The relation between the two is:

QPluma   0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

QPchroma 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 17 18 19 20 20 21 22 22 23 23 24 24 25 25

When QP is used in the following we mean QPluma or QPchroma depending on what is appropriate.

Two arrays of numbers are used for quantization/dequantization.

A(QP=0,..,31) = {4323, 3856, 3431, 3061, 2726, 2427, 2162, 1925, 1715, 1527, 1360, 1213, 1081, 962, 858, 767, 683, 607, 544, 481, 432, 384, 342, 307, 272, 244, 216, 188, 167, 153, 132, 119}.

B(QP=0,..,31)

={ 242, 271, 305, 342, 384, 432, 485, 544, 611, 686, 771, 864, 970, 1089, 1222, 1367, 1535, 1727, 1927, 2179, 2427, 2730, 3066, 3415, 3855, 4297, 4854, 5577, 6278, 6853, 7943, 8811}
The relation between A() and B() is: A(QP)xB(QP) = 220.

It is assumed that a coefficient K is quantized in the following way:

LEVEL = (KxA(QP) + fx216)/216      (f( is in the range (0-0.5) and f has the same sign as K.

Dequantization:

K' = (LEVELxB(QP) + fx8)/16       (f( = 1 and f has the same sign as LEVEL

The definition of transform and quantization is designed so that no overflow will occur with use of 16 bit arithmetic.

0





1





2





3





4





5





6





7





8





9





10





11





12





13





14





15





Luma residual coding 4x4 block order





18





19





20





21





22





23





24





25





16





17





V





U





2x2 DC





AC 





Chroma residual coding 4x4 block order








PAGE  
11

_1061379468.unknown

_1061390579.unknown

_1061390620.unknown

_1062312672.unknown

_1062312727.unknown

_1062312680.unknown

_1062312095.unknown

_1062312564.unknown

_1061476734.unknown

_1061390607.unknown

_1061390257.unknown

_1061390455.unknown

_1061390150.unknown

_1061382481.unknown

_1059553815.unknown

_1061375662.unknown

_1059485811.unknown

_1059551044.unknown

