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1. Introduction

In Sydney meeting, Joint Video Team (JVT) was established to standardize next video coding technology. ITU-T H.26L (TML8) was adopted as the start point of the standard, and Joint Model (JM) was released. So far, H.26L was tested relatively lower bit rate. It is found that there are several problems due to quantization in order to support high quality video. In this contribution, new tools of quantization are proposed. 

2. Quantization
2.1 Quantization in H.26L

In H.26L, 4x4 integer DCT is adopted. It is defined as fellows,
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where, (a, b, c, d) is pixels and (A, B, C, D) is transform coefficients. The inverse transform is defined as follows,
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The relation between a and a’ is
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The quantization is applied to transform coefficients. 32 different quantization parameters, QP 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.  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)

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
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.

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

LEVEL = (KxA(QP) + fx220)/220      (f( is in the range (0-0.5) and f has the same sign as K.
Dequantization:

K' = LEVELxB(QP)

After inverse transform this results in pixel values that are 220 too high.  A shift of 20 bits (with rounding) is therefore needed on the reconstruction side.  The definition of transform and quantization is designed so that no overflow will occur with use of 32-bit arithmetic.
2.2 Quantization in MPEG-2

In this section, MPEG quantization is summarized. Intra DC coefficient is dequantized as follows,
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where 
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is reconstructed DC coefficient and 
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is its quantized value. intra_dc_mult is parameter to determine the precision of DC coefficient and is determined by intra_dc_precision as shown in Table 1.

	intra_dc_precision
	bit length
	intra_dc_multi
	initial value of DC prediction

	0
	8
	8
	128

	1
	9
	4
	256

	2
	10
	2
	512

	3
	11
	1
	1024


Table 1:Semantics of intra_dc_precision
In MPEG-1, only intra_dc_precision = 0 (8 bit precision) is used. However, this precision is not sufficient for high quality video, which is supported by MPEG-2. In MPEG-2, 8 – 11 bit precision can be used for DC coefficient. Using the intra_dc_precision, MPEG-2 can provide high quality video for 8 bits pixel. 

Other AC coefficients are dequantized as follows, 
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where 
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 is reconstructed value and 
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is quantized transform coefficient. k is defined as follows,


[image: image10.wmf]î

í

ì

-

=

ra

Non

Intra

v

u

QF

Sign

k

int

:

:

])

][

[

(

0



[image: image11.wmf]]

][

][

[

v

u

w

W

is weighting matrix. The quantization characteristics is determined by 
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 and quantizer_scale. 
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is the matrix to weight quantization scale for each frequency. For example, we can use larger quantization scale for high frequency and can use small quantization for lower frequency, which is the most sensitive for human visual system. Using this weighting matrix, we can adjust quantization characteristic based on sensitivity of human visual system. This weighting matrix can be changed at each frame. We can define different weighting matrix for luma and chroma. 
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(a) (b)

Figure 1: Default weighting matrix: (a) Intra  (b) Non-intra
Figure 1 shows default value of weighting matrix for intra and non-intra MB. The default matrix for non intra MB is flat, however, TM-5 and MPEG-4 VM uses non-flat matrix for non-intra MB. 

Figure 2 shows the weighting matrix for non-intra MB in TM5. 
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Figure 2: Weighting matrix for non-intra MB in TM5 and MPEG-4
Another big advantage of weighting matrix is that encoder can use arbitrary set of quantization level. Encoder can only uses 31-quantization level without weighting matrix, but can use almost any number for q_scale by weighting matrix.

quantizatiser_scale is a parameter to scale transform coefficients and its quantization characteristic is determined by q_scale_type and quantiser_scale_code.  When q_scale_type = 0, linear quantization is used and quantiser_scale is double of quantiser_scale_code and its dynamic range is 2 - 62. When q_scale_type = 1, non-linear quantization is used. In this case, quantiser_scale is determined by table, and its dynamic range is 1 – 112. Encoder can uses small q_scale for high quality video, and can uses large q_scale for very difficult scene at low bit rate. 

3. Problem

Since MPEG quantization can use different q_scale for each coefficient using WM. We can define WM depending on the sensitivity of human visual system. Even if we reduce the bits for higher frequency, subjective quality can be kept. Since PSNR doesn’t follow subjective quality, the functionality of WM is very important for video compression. 

Moreover, when we use WM, we can use arbitrary number of quantization scale, while we can use only 32 q_scale scale without WM. 

Q_scale for real DCT coefficients in H.26L  can be described as follows,
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DCTQ(QP=0,..,31) =

[2.5019,    2.8050,    3.1527,    3.5334,    3.9671,    4.4573,    5.0037,    5.6201,

6.3055,    7.0829,    7.9546,    8.9146,    10.0074,   11.2402,   12.6110,   14.1013,

15.8280,   17.8293,   19.8865,   22.4804,   25.0185,   28.2027,   31.6561,   35.2534,

39.7730,   44.3185,   50.0370,   57.4499,   64.6312,   70.5067,   81.6394,   91.2440];

Dynamic range of q_scale in MPEG-2 (non-linear Q) is 1 – 112. Dynamic range of H.26L quantization is a part of MPEG quantization, and H.26L quantization doesn’t have small q_scale and high q_scale. 

Small q_scale is very important especially for high quality video. It limits the highest quality of coded pictures. For example, human visual system is very sensitive at flat texture, and it requires higher precision. In order to confirm that the current H.26L is enough for high quality picture, we did mini experiment. 

In this experiment, I encoded lump signal by TML8.4 with QP=0, which is the highest precision of transform coefficients. Figure 3 shows the results.
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Figure 3: Encoded picture with QP=0
The artifact is appeared at the gradation. We can see many lines and block boundary. It means that the precision of transform coefficient, especially lower frequency, is not sufficient. In order to support high quality video by H.26L, it needs to extend bit precision of transform coefficients.

4. Frequency Weighting

In this section, frequency weighting is proposed for H.26L quantization. 4x4 weighting matrix 
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Figure 4:Example of weighting matrix for intra and inter block
Figure 4 shows example of default weighting matrix for intra and inter block. These matrices can be downloaded at sequence header or picture header. Encoder can adaptively use weighting matrix and encode it in bitstream. New quantization scale QQP(i, j), which is 4x4 matrix of q_scale, is defined as follows.
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QQP is clipped in [0:31]. Then quantization is defined as follows.

LEVEL = (KxA(QQP) + fx220)/220      

Dequantization is defined as follows.
K' = LEVELxB(QQP)

Since we don’t define new couple of A(QP) and B(QP), integer transform and quantization can be computed with 32-bit arithmetic. Even if bit length of transform and quantization is changed, e.g. 16-bit arithmetic, this method can be applied in the same approach.

5. Extension of Quantization Table for High Quality Video

As we described in Sec. 3, the precision of quantized transform coefficients is not sufficient for high quality video. Compared to MPEG quantization, the dynamic range of H.26L quantization is small (2.5 – 91). In order to support high quality video, q_scale should be extended to smaller value. While small q_scale is necessary for high quality video, large q_scale is also useful to encode very difficult contents at a certain low bitrate. 

In the previous section, we introduced new quantization parameter QQP. Its dynamic range is limited from 0 to 31, but we propose to extend this dynamic range for high quality video. 

A() and B() for QQP < 0 are introduced. A() and B() are calculated in the following equations.
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Each A() and B() must be 
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They are arranged so that there is an increase of step size of about 12% from one QQP to the next. 
Using the syntax of weighting matrix, which is proposed in the previous section, we can increase bit precision for a certain frequency. In usual, lower frequency is important for human visual system and increase bit precision, like intra_dc_precision in MPEG-2. The following matrix is the example to increase bit precision for lower frequency. 
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Figure 5: The example of weighting matrix with high precision for low frequency
The followings are the additional A() and B() for QQP < 0

A(QQP=-8.....0)
1535,1370,1224,1093,976,871,777,694,620
B(QQP=-8....0)

1567,1756,1966,2201,2465,2762,3097,3467,3881
DCTQ, which is defined as
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, can be described as follows.

DCTQ(-8....0)=
1.0105, 1.1322, 1.2673, 1.4192, 1.589, 1.7801, 1.9963, 2.235, 2.5019

The accuracy of A() and B() by rounding can be measured by the following ratio R. 
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R for QP < 0 are as follows.

R(-8....0)=

0.9997, 0.9999, 1.0001, 0.9998, 0.9999, 0.9999, 1.0012, 1.0000, 1.0001

It is found that Rs for new A() and B() are very close to 1.0 and the accuracy is enough. 

A() and B() for QQP > 31 can be defined by the same approach. A() and B() are calculated in the following equations.
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Again, each A() and B() must be 
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The followings are the additional A() and B() for QQP > 31

A(QQP=31....35)
17,15,13,12,11
B(QQP=31....35)

141533,160404,185082,200505,218733

DCTQ can be described as follows.

DCTQ(31...35)=
91.2440, 103.4099, 119.3191, 129.2623, 141.0135

R for QP > 31 are as follows.

R(31....39)=

1.0000,1.0000,1.0000,1.0000,1.0000

It is found that Rs for new A() and B() are very close to 1.0 and the accuracy is enough. 

5.1 Dynamic Range

Since integer transform and quantization is designed together and clipping is not performed, the analysis of dynamic range of the calculation is necessary. In this section, the dynamic range of the calculation is considered. If the input data is 9-bit residual signal, the transformed coefficients are bounded in magnitude by 
[image: image29.wmf]689520

52

255

2

=

´

.

The bit length of A(QQP) is 11-bit for 
[image: image30.wmf]5

8

-

£

£

-

QQP

, and 10-bit for 
[image: image31.wmf]4

-

³

QQP

.  The maximum magnitude of LEVEL for QQP=0 is 
[image: image32.wmf]408

2

/

620

52

255

20

2

=

´

´

. Therefore, 10-bit is required to represent LEVEL for QQP=0. In the similar way, the bit length of LEVEL for each QQP is summarized in Table 2. 

	QQP
	-8
	-7
	-6
	-5
	-4
	-3
	-2
	-1
	0

	Length of A()
	11
	11
	11
	11
	10
	10
	10
	10
	10

	Max LEVEL
	1010
	901
	805
	719
	642
	573
	511
	456
	408

	Bit Length
	11
	11
	11
	11
	11
	11
	10
	10
	10


Table 2:Bit precision of quantized coefficients

The bit length of B(QQP) is 18-bit for all QQP, and the maximum magnitude of dequantized transform coefficient is 
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. Therefore 22-bit is required to represent dequantized transform coefficients. The rest of dynamic range of the operation is the same as the current JM. 

6. Syntax and Semantics

6.1 Syntax

In order to do this, the flag, quantization_range,  to identify whether operation is performed in 32-bit (or 16-it) arithmetic or extended arithmetic precision is introduced at Picture header. The following is the proposed syntax for Picture header. The flag to identify whether we use default weighting matrix is also encoded at picture header.

picture_header() {


picture_startcode


:


quantizer_range
  



(2bit)


quant_matrix_extension()


:

}

quant_matrix_extension() {


load_quantiser_matrix


(1bit)


if(load_intra_quantiser_matrix) {



quantiser_matrix[16]


(4*16bit)


}


load_chroma_quantiser_matrix

(1bit)


if(load_chroma_intra_quantiser_matrix) {



chroma_quantiser_matrix[16]
(4*16bit)


}

}


6.2 Semantics

The semantics are as follows.

quantizer_range – This is a 2 bit flag to identify whether extended precision of DCT/IDCT and quantization/dequantization is used. If this is set to ‘0’ dynamic range of QQP is 32 and conventional TML quantization is used. In this case, IDCT and dequantization can be operated within 32 bit arithmetic. If this flag is set to ‘1’, dynamic range of QQP is 44 and longer bit length is required for IDCT and dequantization operations.

	quantizer_range
	bit length
	QQP

	0
	A():10-bit, 10-bit quantized coefficients
	8<=QQP<=39

	1
	A():10-bit, 10-bit quantized coefficients
	6 <= QQP <= 43

	2
	A():10-bit, 11-bit quantized coefficients
	4<=QQP<=43

	3
	A():11-bit, 11-bit quantized coefficients
	0<=QQP<=43


Each quantisation matrix has a default set of values.  When a sequence_header_code is decoded all matrices shall be reset to their default values.  User defined matrices may be downloaded and this can occur in a picture header. The default matrix for intra blocks 
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Figure 6:Example of default weighting matrix

Figure 7 shows another example of weighting matrix. This matrix is converted from the matrix for non intra MB in TM5 and MPEG-4 VM. 
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Figure 7:Another example of default weighting matrix

load_quantiser_matrix -- This is a one-bit flag which is set to ‘1’ if quantiser_matrix for luminance follows.  If it is set to ‘0’ then there is no change in the values that shall be used.

quantiser_matrix -- This is a list of sixteen 4-bit unsigned integers. The new values, encoded in the default zigzag scanning order, replace the previous values. Value ’8’ means that no weighting is applied to QP.

load_chroma_quantiser_matrix -- This is a one-bit flag which is set to ‘1’ if chroma_intra_quantiser_matrix follows.  If it is set to ‘0’ then there is no change in the values that shall be used.  

chroma_quantiser_matrix -- This is a list of sixteen 4-bit unsigned integers. The new values, encoded in the default zigzag scanning order, replace the previous values. Value ’8’ means that no weighting is applied to QP.
6.3 Quantization and Dequantization

In Sec. 5, negative value of QQP and W(i,j) were introduced, however it is not useful in real implementation. In this section, we propose quantization and dequantization using only unsigned value. The definition of QP is the same as current TML8. QQP is calculated by the following equation. 

QQP(i, j) = QP + W(i, j)

If quantiser_range = ‘0’, QQP is clipped as follows.
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If quantiser_range = ‘1’, QQP is clipped as follows.
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If quantiser_range = ‘2’, QQP is clipped as follows.
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If quantiser_range = ‘3’, QQP is clipped as follows.
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Two arrays of numbers are used for quantization/dequantization.
A(QQP=0,..,43)

1535,1370,1224,1093,976,871,777,694,620,553,492,439,391,348,310,276,246,219,195,174,155,138,123,110,98,87,78,69,62,55,49,44,39,35,31,27,24,22,19,17,15,13,12,11
B(QQP=0,..,43)

1567,1756,1966,2201,2465,2762,3097,3467,3881,4351,4890,5481,6154,6914,7761,8718,9781,10987,12339,13828,15523,17435,19561,21873,24552,27656,30847,34870,38807,43747,49103,54683,61694,68745,77615,89113,100253,109366,126635,141533,160404,185082,200505,218733
The relation between A() and B() is: A(QP)xB(QP)x6762 = 240.

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

LEVEL = (KxA(QQP) + fx220)/220      (f( is in the range (0-0.5) and f has the same sign as K.
Dequantization:

K' = LEVELxB(QQP)

After inverse transform this results in pixel values that are 220 too high.  A shift of 20 bits (with rounding) is therefore needed on the reconstruction side.  The definition of transform and quantization is designed so that no overflow will occur with use of 32-bit arithmetic.
7. Conclusions

In this contribution, 

1. Weighting matrix

2. Extended quantization scale

are proposed. These two proposals are basically independent. This proposal changes only a small part of the existing TML, and it is easy to integrate. 

We can change quantization characteristic for each frequency depending on the sensitivity of human visual system and encoder can compress video more efficiently. 

By extending the quantization table, encoder can use smaller and larger q_scale. Since q_scale close to 1 is inevitable for high quality video, H.26L can support high quality video. 

Therefore we propose the above two tools and propose to establish CE to evaluate this technology more in detail. 
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