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Abstract
A method for compression of quantizer matrices is presented. It uses raster scanning and prediction based on top and left neighbors. The prediction residual is biased towards positive values. A biased mapping of signed prediction residuals to unsigned values, followed by Golomb coding is used to code the prediction residual. This method is reported to work well with both symmetric and asymmetric matrices. Simulation results are presented to show that it reduces the bit-rate by roughly 25% when compared with the default AVC/H.264 method.
1 Introduction
Core experiment 4, subtest 3 is studying proposals for inclusion of quantization matrices in HEVC and their compression. The proposals being studied include JCTVC-E073 [1] and JCTVC-F085 [2]. JCTVC-E073 allows the use of the AVC/H.264 method of quantization matrix compression as one of the options. JCTVC-F085 uses the AVC/H.264 method with additional signaling for symmetry and downsampling. Here we propose an alternate method for quantization matrix compression and also propose new signaling.
2 An alternate method for quantizer matrix compression

In the AVC/H.264 method of quantizer matrix compression, the matrix entries are scanned using a zigzag scan. Then, the current matrix entry is predicted from the previous entry in the scan and the residual is encoded using exponential Golomb code with parameter 0. The zigzag scan does not work well when the quantization matrix is asymmetric. Also, for non-zero prediction residuals, the structure of the signed exponential Golomb code means that one bit is needed for sign.
The use of quantization matrices is motivated by the properties of the human visual system. One model used for the design of quantization matrices is the 2-D contrast sensitivity function (CSF) of the human visual system. The contrast sensitivity decreases with increasing frequency. Due to the decreased contrast sensitivity at higher frequencies, well-designed quantization matrices have the property that typically, quantization matrix entries  increase both in row and column directions. Our proposed method utilizes this property in such a way that the prediction residual is almost always positive. As a result, the overhead for the sign bit is reduced.
2.1 Proposed method

The proposed method uses a simple raster scan. The maximum of the quantizer matrix entry above and to the left is used as the predictor for the current quantizer matrix entry. The prediction residual is remapped to a non-negative value and then the remapped residual is coded using an unsigned Golomb code. The remapping uses a parameter “offsetG” and can be described as follows:

Let the prediction residual be denoted by X and remapped prediction residual be denoted by Y. Then,
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Table 1 shows the remapping for
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	Source symbol (X)
	Remapped symbol (Y)

	0
	0

	1
	1

	2
	2

	3
	3

	-1
	4

	4
	5

	-2
	6

	5
	7

	…
	…


Table 1: Remapping between X and Y
2.2 Summary of Experimental Results

We have integrated our method into the joint software provided by Sony and TI for CE4 subtest 3. Our macro is implemented under the TI_QM macro. Table 2 shows results for our method combined with 3 of the flags proposed in JCTVC-F085 [2], namely, downsample, sym45 and sym135. These results have been generated used Golomb code (parameter=2, offset=4). These parameters are explicitly signaled in the bit-stream. The entries in the parentheses are percentages.
	
	
	
	Symmetric quant matrix 
	Asymmetric quant matrix

	Down-sample
	Sym45
	Sym135
	Bits (AVC)
	Bits (proposed)
	Avg. abs error
	Bits (AVC)
	Bits (proposed)
	Avg. abs error

	0
	0
	0
	8856
	7171 (81%)
	0.00
	9512
	6450 (68%)
	0.00

	0
	0
	1
	5020
	3828 (76%)
	0.00
	5056
	3503 (69%)
	3.53

	0
	1
	0
	5052
	4201 (83%)
	5.06
	4558
	3552 (78%)
	3.14

	0
	1
	1
	2861
	2305 (81%)
	5.06
	2626
	2016 (77%)
	5.25

	1
	0
	0
	3631
	2889 (80%)
	0.43
	3784
	2539 (67%)
	0.32

	1
	0
	1
	2339
	1645 (70%)
	0.43
	2323
	1501 (65%)
	3.76

	1
	1
	0
	2263
	1858 (82%)
	4.73
	1923
	1472 (77%)
	3.54

	1
	1
	1
	1477
	1120 (76%)
	4.73
	1249
	  955 (76%)
	5.52


Table 2: Comparison of the proposed method with the default AVC/H.264 method
3 Signaling of a partial quantization matrix
When the encoder chooses a 32×32 block, typically, the probability of significant coefficients in higher frequencies is small. Thus, it may not be necessary to signal quantizer matrix entries for higher frequency coefficients very accurately. We propose to signal only a rectangular subset of the quantization matrix and predict the rest of the entries.

First a one bit flag is sent to indicate whether only a subset of the quantization matrix is being coded. If that is the case, the last row and the last column of the subset is indicated using a fixed number of bits depending on the block size. Then, the subset of the quantization matrix is coded using any of the proposed techniques. The quantization matrix entries for the subset are reconstructed and used to predict the quantization matrix entries outside the subset. The entries outside the subset are scanned in a raster scan. The predictor proposed in Section 2 (max(top, left)) is used. Tables 3 and 4 show an original 8×8 quantization matrix and the reconstructed matrix, when only the lowest 5×5 rectangle is signaled.

This signaling scheme can be thought of as a lossy compression scheme for quantization matrices, where compression error is introduced in the quantizer matrix entries at higher frequency. From the point of view of human visual system, this approach may be a preferable to introducing them randomly at any location.
	6
	9
	13
	18
	25
	35
	36
	37

	9
	10
	15
	21
	32
	35
	37
	41

	13
	15
	18
	23
	35
	55
	58
	59

	18
	21
	23
	26
	65
	58
	64
	66

	25
	32
	35
	65
	66
	66
	67
	70

	35
	35
	55
	58
	66
	68
	70
	73

	36
	37
	58
	64
	67
	70
	76
	80

	37
	41
	59
	66
	70
	73
	80
	85


Table 3: Original 8×8 quantization matrix
	6
	9
	13
	18
	25
	25
	25
	25

	9
	10
	15
	21
	32
	32
	32
	32

	13
	15
	18
	23
	35
	35
	35
	35

	18
	21
	23
	26
	65
	65
	65
	65

	25
	32
	35
	65
	66
	66
	66
	66

	25
	32
	35
	65
	68
	66
	66
	66

	25
	32
	35
	65
	66
	66
	66
	66

	25
	32
	35
	65
	66
	66
	66
	66


Table 4: Reconstructed quantization matrix when only the lowest 5×5 entries are coded 
4 Conclusions
A method for compression of quantizer matrices is presented. It uses raster scanning and prediction based on top and left neighbors. The prediction residual is biased towards positive values. A biased mapping of signed prediction residuals to unsigned values, followed by Golomb coding is used to code the prediction residual. This method is reported to work well with both symmetric and asymmetric matrices. Simulation results are presented to show that it reduces the bit-rate by roughly 25% when compared with the default AVC/H.264 method. We also propose a method to signal that only a subset of the quantization matrix is being signaled.
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