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1. Introduction

The extension of quantization to support high quality video was proposed in Pattaya. It proposed weighting matrix and extended quantization table. In this contribution, the results of experiments are shown. It is also studied how to integrate with low complexity transform, which is based on 16-bits arithmetic. 

2. Proposal

High quality video is very important target for JVT codec. High quality video is not only for professional equipments but also for consumer applications. The application for entertainment, like Digital TV and DVD, requires it. Therefore, quantization should be extended even for 8-bit video (9-bit residual). 

2.1 Weighting matrix

4x4 weighting matrix 
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）is introduced to give an weight on each frequency components. 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.

2.2 Extension of quantization range

In VCEG-O52, It was shown that the highest quality of TML 8 was limited and lower than that of MPEG-2. We can see artifacts for simple flat image even if QP=0 is used. For high quality applications, codec should be subjectively loss less for such a simple image. Extension of QP range to –8 was proposed. In addition, VCEG-O52 showed that we don’t need to extend the dynamic range for all of the coefficients. Since lower frequency is important for visual quality and it was sufficient to extend the dynamic range only for lower frequencies. 

2.3 Low complexity transform

16-bit architecture of transform is studying in the AHG on Transform to reduce the complexity of transform. Two different approaches are proposed. One is based on the similar architecture in TML and the other uses multiplier free design. Since the weighting matrix proposed in VCEG-O52 is not depends on the specific transform design. It can be applied to both transform architecture. The periodic quantization was also studied in the AHG. It formulates A(QP) and B(QP) as follows, 
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Quantization can be formulated as follows.
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If we replace QP by QQP, it is possible to integrate with this quantizer design.

2.4 Quantization for DC block

For Intra 16x16 mode, DC values of 16 luminance blocks further form a 4x4 luminance DC block. Additional 4x4 transform is applied for this block. Hadamard transform is used for the second transform. Since DC information important for visual quality, it is better to use smaller QP. This approach is similar to intra_dc_precision in MPEG-2. WM for DC transform is a good way to increase a quantization precision, because it enables encoder only to increase the quantization range for the important coefficients.

However, as the Luminance DC 4x4 transform has an inverted order for the inverse transform and inverse quantization process, there is no direct way of implementing the DC weighting matrix to control individual coefficients. The Luminance DC 4x4 transform and quantization is performed in the following order:

TML software performs the DC DCT in the following order:

DCT->Q->IDCT->IQ

Therefore, obviously the quantization process is in the DCT^2 (?) domain, and the inverse quantization process is in the standard DCT domain. The problem arises for the DC weighting matrix where the coordinates of the weighting coefficients are transformed through the IDCT process. If all weighting coefficients are of the same value, there is no problem. However, if the weighting varies for each frequency, using the same weighting matrix for Q and IQ, will cause misalignment of A(QP) and B(QP) for the coefficients.

It is mentioned in Nokia's proposal (VCEG-N25.doc), that it is better to do the IDCT before IQ for the lowest possible dynamic precision during inverse transform computations.

In this contribution, flat WM is used for 4x4 DC transform. This is only to increase the precision of DC coefficients for Intra 16x16 mode. 

2.5 Transmission of matrices

WM may be better to transmit out of band. WM should be changed higher than picture layer. It should be transmitted through Parameter Sets in NAL. The example of the syntax can be described as follows,

Parameter Sets

quant_matrix_extension() {

enum
load_quantiser_matrix





if(load_quantiser_matrix) {

int*16

quantiser_matrix[16]




}

enum
load_chroma_quantiser_matrix




if(load_chroma_quantiser_matrix) {

int*16

chroma_quantiser_matrix[16]



}

}


3. Simulations

The extension of quantization in VCEG-O52 is implemented on TML9.4 software. 

3.1 Weighing Matrix

In this experiments, efficient of Weighting Matrix was verified. The following Weighting Matrix in Fig 1 is applied to the 4x4 transform for luminance block. This matrix is converted from WM for Intra in MPEG-2 and 4. The same matrix is used for all of pictures. Flat matrix is used for 4x4 transform for luminance DC block and Chrominance block. In this experiment, quantization range is not extended. 


Fig 1 Weighting Matrix

In order to check the characteristic of Weighting Matrix, we encoded an intra frame with the Q-scale 4, 8, 12, 16, 20, 24 and 28. Circle zone plate was used for this test. The coding parameters are described in Table 1.

	test sequence
	Circle Zone Plate (1Frame)

	Intra period
	Only First Frame

	Q-Scale
	4, 8, 12, 16, 20, 24, 28 

	Hadamard transform
	used

	slice mode
	off

	r-d optimization mode decision
	off


Table 1 Test Condition of INTRA Frame encoding
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Fig 2 R-D curve of INTRA Frame by Circle zone plate

The results are shown in Fig 2, Fig 3 and Fig 4. 

Fig 2 shows the R-D curve of TML and TML +WM. Blue line is TML9 + WM and Red is TML. Fig 2 shows that RD curve is improved for the case TML + WM. It improves about 0.5 dB for over all bit rate.

Fig 3 and Fig 4 show BMP images of the decoded pictures for two cases. These two images are encoded at the same bit rate about 400 kbps. PSNR of Fig 3 is 29.25dB and Fig 4 is28.69dB PSNR of Fig 3 is improved about 0.5dB than that of Fig 4. Comparing the visual quality, the subjective quality of Fig 3 is better. The subjective quality is improved at high frequency and the edge of circle at low frequency. Left bottom and top right on Fig 4, some artifacts can be seen. However in Fig 3, the artifact is not visible at the same parts.
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Fig 3 Decoded picture of TML+WM (QP=16)
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Fig 4 Decoded picture of TML (QP= 20)

3.2 Extension of Quantization Range

3.2.1 Test Conditions

Table 2 describes the test conditions.

	Sequence
	Ramp signal (Fig.3)

	Frame size
	Rec 601.

	Number of Frames
	1

	QPP
	8 (equivalent to QP=0)

	Weighting Matrices (WM)
	Described Below


Table 2: Test Condition

Fig 5 shows the ramp signal used for simulation tests.
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Fig 5 Ramp Signal Encoded Picture with QP=0
The weighting matrices are numbered as following. 

Weighting Matices:
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Fig 6 The Example of Weighting Matrix with High Precision for Low Frequency
3.3 Results

Table 3 shows results for PSNRY and bit-stream file size for adaptive mode decision in low complexity mode.

Table 4 shows results for 4x4 prediction only, with 16x16 intra prediction disabled. The 4x4 transform quantization weighting matrix is varied from (0) to (7). 

	Sequence : ramp
	
	Sequence : paris

	WM
	PSNRY
	bits
	
	WM
	PSNRY
	bits

	no_weight
	54.18
	2991
	
	no_weight
	49.17
	71050

	0
	54.67
	5152
	
	0
	49.18
	71240

	1
	54.67
	5152
	
	1
	49.35
	73574

	2
	58.65
	5588
	
	2
	49.73
	78080

	3
	59.53
	7565
	
	3
	50.38
	84414

	4
	59.82
	12751
	
	4
	51.4
	92640

	5
	63.95
	16559
	
	5
	52.49
	98150

	6
	63.96
	16566
	
	6
	53.55
	101922

	7
	63.55
	18103
	
	7
	54.26
	103669


Table 3: Mode Decision Adaptive (Low Complexity Mode)

	Sequence : ramp
	
	Sequence : paris

	WM
	PSNRY
	bits
	
	WM
	PSNRY
	bits

	no_weight
	52.88
	18763
	
	no_weight
	49.18
	70842

	0
	52.88
	18763
	
	0
	49.18
	70842

	1
	52.89
	25612
	
	1
	49.37
	73319

	2
	57.16
	33943
	
	2
	49.74
	77734

	3
	57.16
	33943
	
	3
	50.39
	84001

	4
	57.16
	33944
	
	4
	51.41
	92151

	5
	57.16
	33944
	
	5
	52.52
	97692

	6
	57.16
	33944
	
	6
	53.57
	101463

	7
	57.16
	33944
	
	7
	54.28
	103195


Table 4: Fixed to 4x4 prediction only

4. Discussions

In this experiments, it was verified that TML+WM is able to reduce bit rate keeping the same visual quality. Human visual system is not sensitive for diagonal direction. Reducing the bits for the frequency, it is possible to reduce bit rate. In addition, WM gives a flexibility of quantization. TML quantization can only use 31 level of QP, however, the final quantized value is not limited to the combination of A(QP) and B(QP). 

This proposal is more useful at high bit rate. It should be tested at high bit rate and test conditions should be defined to evaluate high quality video. 

With QP=0, the block artifacts are visually significant, and obtrusive. However, with the extension of the Quantization Table to QP=-8 (QPP=0), the precision can be further extended. The Quantization Weighting Matrix adds flexibility by combining with the extended quantization to allow for increasing precision for individual coefficients. For example, by weighting the Luminance DC 4x4 transform quantization matrix alone, the DC precision can be enhanced to QPP=0. If additional AC coefficients need to be weighted to improve the visual quality, the weighting matrix for the first transform of Luminance block can be modified as shown in the simulation experiment.

Results of subjective testing show that, lower frequency AC coefficients, not only DC coefficient, need to be weighted by -8 in order to remove the block artifacts from the encoded ramp signal. This removes the visually noticeable block artifacts, as well as improving the PSNRY results to a nearly saturated value. Further weighting of other AC coefficients is virtually insignificant towards visual quality improvement. In contrast, for MPEG2 coding it is only necessary to increase the DC precision in order to remove the visually noticeable block artifacts. However, as mentioned above, simulation results show that for TML, lower frequency AC coefficients also need to have increased precision to improve the subjective quality.

Therefore, it can be said that the quantization weighting matrix adds flexibility to the transform and quantization process by providing substantial coding efficiency without sacrificing the visual quality. The extension of the quantization table, combined with the quantization matrix, is a necessary addition to the TML tool set, for high quality video coding.
4.1 TML Software Problem

TML9.4 software crashes when encoding complex sequences such as a circular zone plate (CIF size) or a random signal. The problem seems to be a memory leak. Further investigation is required to solve the problem. This problem must be fixed before we study the tools for high bit rate.

5. Conclusions

The extensions of quantization to support high quality video are proposed. It is studied how to integrate with low complexity transform, which is based on 16-bits arithmetic. The quantization weighting matrix adds flexibility to the transform and quantization process by providing substantial coding efficiency without sacrificing the visual quality. The extension of the quantization table, combined with the quantization matrix, is a necessary addition to the TML tool set, for high quality video coding.
The advantage is more obvious at high bit rate and it should be tested at high bit rate. 
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