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Abstract

Default quantization matrices have to be stored in the decoder for the case where no explicit visual scaling matrices are transmitted in the bit stream. These matrices, in AVC case where explicitly defined and stored in decoder since the transform sizes included only 8x8 and 4x4 transform. However, in HEVC, with additional 16x16, 32x32, and non-square transforms the memory size to store these matrices may be excessive. This document presents a method to parameterize the default matrices such that they can be efficiently stored at the decoder memory. When these matrices are needed they can be derived using simple operations. Using this technique can save up to 8 KB
 of ROM compared to explicit representation of the matrices.
Parameterization of visual matrices
Many different parameterization technique were used in the literature to derive the best visual quantization matrices as part of an optimization. Such parameterization was necessary since to limit the degree of freedom and thus be able to solve the optimization problem efficiently. Among the best of these techniques is the symmetric quadratic model (with 4 parameters)[1]. Many of the existing general purpose quantization matrices were either derived using such parameterization as part of an optimization or can be efficiently represented using this model (with small residual error). In this document, we use the  AVC's default matrices to derive a set of parameters that can efficiently represent these matrices. Nevertheless, this technique may also be applied to other quantization matrices if they are shown to result in better visual quality for HEVC.
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represents the bit depth precision and 
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can be derived for each quantization matrix using a least square fit. Then, only these parameters are stored in the decoder (and the encoder) as default matrices. During the run time, if needed, parameters can be used to derive the exact quantization matrices. In this document, we show the concept of QM parameterization using AVC's 4x4 and 8x8 quantization matrices. A bit precision of 
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is also assumed to derive the following quantization matrices and their associated parameters: 
Table 1. AVC Intra 4x4 matrix parameterization.

	AVC Intra
	Parametric
	Error

	6    13  20  28 

13  20  28  32 

20  28  32  37 

28  32  37  42 
	 6     13    21    27

13    20    27    33

21    27    32    37

27    33    37    42
	     0     0    -1     1

     0     0     1    -1

    -1     1     0     0

     1    -1     0     0


Table 2. AVC Inter 4x4 matrix parameterization.

	AVC Inter
	Parametric
	Error

	    10    14    20    24

    14    20    24    27

    20    24    27    30

    24    27    30    34
	    10    15    20    24

    15    19    24    27

    20    24    27    31

    24    27    31    33
	     0    -1     0     0

    -1     1     0     0

     0     0     0    -1

     0     0    -1     1


Table 3. AVC Intra 8x8 quantization matrix parameterization.

	AVC Intra
	Parametric
	Error

	     6    10    13    16    18    23    25    27

    10    13    16    18    23    25    27    29

    13    16    18    23    25    27    29    31

    16    18    23    25    27    29    31    33

    18    23    25    27    29    31    33    36

    23    25    27    29    31    33    36    38

    25    27    29    31    33    36    38    40

    27    29    31    33    36    38    40    42
	     7    10    13    16    19    22    24    27

    10    13    16    19    22    24    27    29

    13    16    19    22    24    27    29    32

    16    19    22    24    27    29    32    34

    19    22    24    27    29    32    34    36

    22    24    27    29    32    34    36    38

    24    27    29    32    34    36    38    40

    27    29    32    34    36    38    40    41
	    -1     0     0     0    -1     1     1     0

     0     0     0    -1     1     1     0     0

     0     0    -1     1     1     0     0    -1

     0    -1     1     1     0     0    -1    -1

    -1     1     1     0     0    -1    -1     0

     1     1     0     0    -1    -1     0     0

     1     0     0    -1    -1     0     0     0

     0     0    -1    -1     0     0     0     1


Table 4. AVC Inter 8x8 quantization matrix parameterization.

	AVC Inter
	Parametric
	Error

	     9    13    15    17    19    21    22    24

    13    15    17    19    21    22    24    25

    15    17    19    21    22    24    25    27

    17    19    21    22    24    25    27    28

    19    21    22    24    25    27    28    30

    21    22    24    25    27    28    30    32

    22    24    25    27    28    30    32    33

    24    25    27    28    30    32    33    35
	    11    13    15    17    19    20    22    24

    13    15    17    19    20    22    24    25

    15    17    19    20    22    24    25    27

    17    19    20    22    24    26    27    29

    19    20    22    24    26    27    29    30

    20    22    24    26    27    29    30    32

    22    24    25    27    29    30    32    33

    24    25    27    29    30    32    33    34
	    -2     0     0     0     0     1     0     0

     0     0     0     0     1     0     0     0

     0     0     0     1     0     0     0     0

     0     0     1     0     0    -1     0    -1

     0     1     0     0    -1     0    -1     0

     1     0     0    -1     0    -1     0     0

     0     0     0     0    -1     0     0     0

     0     0     0    -1     0     0     0     1


This method can also be combined with scaling to results in new quantization matrices based on previously known matrices of different size. For example, by employing this mode, quantization matrices for large transform sizes in HEVC (i.e., 16x16 and 32x32) are derived below using AVC's 8x8 quantization matrices. The parameters for all cases and transform sizes are shown in the table below:
Table 5. Parameters to be stored for each transform size.

	Transform Size
	Slice Type
	Parameters (a, b, c, d)

	4x4
	Intra
	-256,       -901,        8264,        5652

	8x8
	Intra
	  -56,       -127,        3364,        6898

	16x16
	Intra
	  -14,         -32,        1682,        6898

	32x32
	Intra
	    -4,           -8,          841,        6898

	4x4
	Inter
	-192,       -563,        5440,        9907

	8x8
	Inter
	 -28,          -50,        2070,       11260

	16x16
	Inter
	   -7,          -13,        1035,       11260

	32x32
	Inter
	  -2,             -3,         517,        11260


Some of matrices for large size transforms are shown as examples in the Appendix. Furthermore, the default matrices proposed in [2] are also parameterized in the Appendix to show the effectiveness of this technique in representing other quantization matrices.
1 Conclusion

This proposal shows how a 4-parameter model can efficiently represent a set of large quantization matrices. The error in these quantization matrices due to parameterization is negligible and will not visibly impact the visual quality. However, it can save significant amount of memory (more than 8 KB of ROM) at both the encoder and the decoder.  Another advantage of this technique compared to other methods that derive large transform's quantization matrices from smaller matrices is the additional degree of freedom it provides for larger matrices to be radically different from 4x4 or 8x8. Furthermore, updating the matrices through their parameters is relatively easy (compared to modifying the derivation logic of large matrices from 4x4 or 8x8) if later a better visual quantization matrix is found. 
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3 Appendix 

3.1 Large transform matrices
Using the parameters of Table 5, we demonstrate some of the larger size quantization matrices that result from these values as examples:
Table 6. Intra 16x16 parameterized quantization matrix.

	     7      8     10    12    13    15    16    18    19    20    22    23    24    26    27    28

     8     10    12    13    15    16    18    19    20    22    23    24    26    27    28    29

    10    12    13    15    16    18    19    20    22    23    24    26    27    28    29    31

    12    13    15    16    18    19    20    22    23    24    26    27    28    29    31    32

    13    15    16    18    19    20    22    23    24    26    27    28    29    31    32    33

    15    16    18    19    20    22    23    24    26    27    28    29    30    32    33    34

    16    18    19    20    22    23    24    26    27    28    29    30    32    33    34    35

    18    19    20    22    23    24    26    27    28    29    30    32    33    34    35    36

    19    20    22    23    24    26    27    28    29    30    32    33    34    35    36    37

    20    22    23    24    26    27    28    29    30    32    33    34    35    36    37    38

    22    23    24    26    27    28    29    30    32    33    34    35    36    37    38    39

    23    24    26    27    28    29    30    32    33    34    35    36    37    38    39    40

    24    26    27    28    29    30    32    33    34    35    36    37    38    39    40    40

    26    27    28    29    31    32    33    34    35    36    37    38    39    40    40    41

    27    28    29    31    32    33    34    35    36    37    38    39    40    40    41    42

    28    29    31    32    33    34    35    36    37    38    39    40    40    41    42    43


Table 7. Inter 16x16 parameterized quantization matrix.
	    11    12    13    14    15    16    17    18    19    20    20    21    22    23    24    25

    12    13    14    15    16    17    18    19    20    20    21    22    23    24    25    25

    13    14    15    16    17    18    19    20    20    21    22    23    24    25    25    26

    14    15    16    17    18    19    20    20    21    22    23    24    25    25    26    27

    15    16    17    18    19    20    20    21    22    23    24    25    25    26    27    28

    16    17    18    19    20    20    21    22    23    24    25    25    26    27    28    29

    17    18    19    20    20    21    22    23    24    25    25    26    27    28    29    29

    18    19    20    20    21    22    23    24    25    25    26    27    28    29    29    30

    19    20    20    21    22    23    24    25    25    26    27    28    29    29    30    31

    20    20    21    22    23    24    25    25    26    27    28    29    29    30    31    31

    20    21    22    23    24    25    25    26    27    28    29    29    30    31    31    32

    21    22    23    24    25    25    26    27    28    29    29    30    31    31    32    33

    22    23    24    25    25    26    27    28    29    29    30    31    31    32    33    33

    23    24    25    25    26    27    28    29    29    30    31    31    32    33    33    34

    24    25    25    26    27    28    29    29    30    31    31    32    33    33    34    35

    25    25    26    27    28    29    29    30    31    31    32    33    33    34    35    35


Table 8. Intra 32x32 parametrized quantization matrix.

	 7   8   8   9  10 11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 

 8   8   9  10 11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 

 8   9  10 11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 

 9  10 11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 

10 11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 

11 12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 

12 12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 

12 13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 

13 14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 

14 15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 

15 15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 

15 16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 

16 17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 

17 17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 

17 18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 

18 19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 

19 20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 

20 20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 

20 21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 

21 22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 

22 22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 

22 23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 

23 24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 

24 24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 

24 25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 

25 25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 

25 26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 

26 27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 41 

27 27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 41 42 

27 28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 41 42 42 

28 28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 41 42 42 42 

28 29 30 30 31 31 32 32 33 33 34 34 35 35 36 36 37 37 38 38 38 39 39 40 40 40 41 41 42 42 42 43


3.2 Modeling of other default matrices
Default matrices shown in [2] can also be used for parameterization using this technique. 4x4 and 8x8 matrices in [2] are the same as those of Section 1. 16x16 and 32x32 matrices are also shown here for comparison:

	Transform Size
	Slice Type
	Parameters (a, b, c, d)
	MSE

	16x16
	Intra
	 -20,         -30,        1759,         6426
	0.5273

	32x32
	Intra
	  -7,           -7,          921,          6122
	0.7520

	16x16
	Inter
	-12,         -11,        1093,        10933
	0.3359

	32x32
	Inter
	 -4,            -2,          559,        10830
	0.5820


� Assuming one matrix per transform size per component per slice type (Inter and Intra). One byte per matrix element. This estimation excludes any non-square transform sizes.
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