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Abstract

This contribution proposes the adaptive delta quantization parameter dQP_scale in the higher granularity quantization parameter scaling. The dQP_scale is signaled on the slice header to support tradeoff between dQP bits overhead and fine rate/quality control and its value can be either 1 or 2. When the slice QP is even and dQP_scale is equal to 2, it is comparable to the current HM setting. Otherwise if dQP_scale is equal to 1, it runs as the finer granularity level in which the quantization step size is approximately the half of the current quantization step size.
1 Introduction

1.1 Fine granularity of quantization step size scaling


The current HEVC Test Model under Consideration employs a quantization parameter (QP) scaling scheme that is same to the AVC standard. The quantization step size applied to each transform coefficient is determined approximately as follows:
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According this equation, the quantization step size increases by approximately 12.25% with each increment of QP and the quantization step size doubles when QP is incremented by 6. In this contribution, we propose to use a higher granularity of QP scaling to support more accurate bit allocation and perceptual quality control. We propose to the straightforward extension of current scheme by doubling the QP scaling accuracy. 
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With the new equation, same quantization step size derived when the QP in proposed scheme is twice of that in original one. This simple extension results in very easy adaptation of other modules in which the operation depends on QP value, such as deblocking filter, CABAC context model initialization.
1.2 Adaptive delta QP signaling

The fine granularity of QP scaling improves rate control accuracy for certain applications. However, it introduces disadvantage since more overhead bits are necessary to code delta QP to achieve same level of quantization step change.


We propose to insert one high-level syntax parameter dQP_scale into slice head to support the flexibility of tradeoff between better rate/quality allocation and dQP bits overhead. In the proposed method, QP of current block is calculated with equation (3), where dQP_scale means QP value change scale when dQP is 1.

QP_curr = QP_pred + dQP * dQP_Scale                            (3)


In the proposed method, the slice level QP scaling granularity is always kept as the highest level. With change of dQP_Scale, the CU level QP update speed is adaptively selected by different dQP_Scale according to application requirement. When dQP_Scale is equal to 2, CU level Quantization step adaptation level is same to that of current HEVC quantization scheme, meanwhile, still keeping the higher quantization step size granularity at slice level. Figure 1 shows how to match the current HEVC quantization scheme with the proposed syntax. If the slice QP is even number and dQP_Scale is 2, then current HEVC quantization scheme can be emulated with the same dQP values.
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Figure 2 shows QP value change from QP prediction according to dQP_Scale when dQP is equal to 1. QP prediction can be any value and the range of QP is within 0 to 103.
2 Experimental result

According to CE4 description JCTVC-G1204, two cases were tested in this subtest. Based on PCHIP-BD-rate, the experimental results are summarized as follows. Note that dBitRate in following tables represents the average rate difference when compared to the anchor data. Generally, dBitRate indicates the rate granularity of different methods.
2.1.1 Test A
In this test case, the proposed method was tested under common test conditions defined in JCTVC-G1200. The quantization settings of each method match those in common test conditions.

Table 1 summarizes the simulation results. As expected, almost identical coding performance to the HM-5 anchor were obtained by the proposed method, which verifies that the proposed method is compatible with the current quantization design.

Table 1 Coding performance in Test A

	
	Results
	AIHE
	AILC
	RAHE
	RALC
	RAHE-10
	LBHE
	LBLC
	Aver

	Proposal     dQP_scale2 
	BD-rate-Y
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	BD-rate-U
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	BD-rate-V
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	dBitRate
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	Enc. Time
	100%
	99%
	100%
	101%
	101%
	100%
	101%
	100%

	
	Dec. Time
	99%
	99%
	101%
	101%
	101%
	101%
	101%
	101%


2.1.2 Test B
In this test case, QP+1 was tested with dQP_scale equal to 1, where QP matches that in common test conditions. Table 2 shows the results. In general, similar coding performance to the anchor was observed. As to the rate granularity, it provided 7.6% rate difference on average which is the half of the rate difference compared to HM. In contrast, the coding performance of HM-5 with QP+1 setting is also summarized in Table 2. Compared to the proposed method, the rate granularity by HM-5 is much bigger, i.e., around 16% on average.
Table 2 Coding performance in Test B

	
	Results
	AIHE
	AILC
	RAHE
	RALC
	RAHE-10
	LBHE
	LBLC
	Aver

	HM-5 Anchor QP+1
	BD-rate-Y
	-0.3%
	-0.3%
	0.2%
	0.2%
	0.4%
	0.3%
	0.3%
	0.1%

	
	BD-rate-U
	2.7%
	2.7%
	-0.4%
	0.5%
	-0.1%
	-2.5%
	-2.6%
	0.0%

	
	BD-rate-V
	2.8%
	2.8%
	-0.2%
	0.5%
	-0.1%
	-2.3%
	-2.2%
	0.2%

	
	dBitRate
	-11.2%
	-10.6%
	-17.7%
	-16.8%
	-16.2%
	-19.6%
	-18.7%
	-15.8%

	
	Enc. Time
	99%
	98%
	98%
	99%
	98%
	98%
	99%
	98%

	
	Dec. Time
	99%
	97%
	98%
	98%
	98%
	98%
	99%
	98%

	Proposal     dQP_scale1 
	BD-rate-Y
	0.6%
	0.8%
	0.6%
	0.6%
	0.7%
	0.6%
	0.5%
	0.6%

	
	BD-rate-U
	-5.0%
	-5.0%
	-6.7%
	-6.8%
	-7.7%
	-7.8%
	-7.8%
	-6.7%

	
	BD-rate-V
	-5.1%
	-5.0%
	-6.7%
	-6.9%
	-7.9%
	-7.7%
	-7.9%
	-6.7%

	
	dBitRate
	-4.9%
	-4.8%
	-8.5%
	-8.0%
	-8.0%
	-9.7%
	-9.2%
	-7.6%

	
	Enc. Time
	100%
	99%
	99%
	100%
	100%
	99%
	100%
	100%

	
	Dec. Time
	99%
	99%
	99%
	99%
	100%
	100%
	101%
	99%


3 Conclusion

If fine granularity of quantization step is considered, it is proposed to be adopted in the next HM. The proposal supports tradeoff between dQP overhead and fine rate qualrity control by adaptively changing dQP scale in the direct extension of the current QP range where the quantization step size is the half of the current quantization step size. The purpose of this is to consider both of fine granual control and dQP overhead as options given to encoder seeing that dQP overhead is burdened when rate should be adjusted drastrically in the finer granularity. This may be happened when scene-change happens or motions in different frames change. If needs for both of fine granular control and caring dramatic rate change are agreed, adaptive dQP_scale is proposed.
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6 Working draft modification

Proposed working draft text is included below using the following text conventions:

· Removed text from JCTVC-G1103_d6 is shown with strikethrough.
· Newly added text is shown in red.
In 7.3.3 Slice header syntax,
	
if( !lightweight_slice_flag ) {
	

	

slice_qp_delta
	se(v)

	

scale_qp_delta
	se(v)

	

if( sample_adaptive_offset_enabled_flag )
	

	


sao_param()
	

	

if( deblocking_filter_control_present_flag ) {
	

	


disable_deblocking_filter_idc
	

	


if( disable_deblocking_filter_idc  !=  1 ) {
	

	



slice_alpha_c0_offset_div2
	

	



slice_beta_offset_div2
	

	


}
	


In 7.4.2.1 Sequence parameter set RBSP semantics
bit_depth_luma_minus8 + 8 specifies the bit depth of the samples of the luma array and the value of the luma quantisation parameter range offset QpBdOffsetY, as specified by

BitDepthY      = 8 + bit_depth_luma_minus8

(7‑2)
QpBdOffsetY = 12 * bit_depth_luma_minus8

(7‑3)

bit_depth_luma_minus8 shall be in the range of 0 to 6, inclusive.

bit_depth_chroma_minus8 + 8 specifies the bit depth of the samples of the chroma arrays and the value of the chroma quantisation parameter range offset QpBdOffsetC, as specified by

BitDepthC      = 8 + bit_depth_chroma_minus8

(7‑4)
QpBdOffsetC = 12 * bit_depth_chroma_minus8

(7‑5)

bit_depth_chroma_minus8 shall be in the range of 0 to 6, inclusive.
In 7.4.2.2 Picture parameter set RBSP semantics
pic_init_qp_minus52 specifies the initial value minus 52 of SliceQPY for each slice. The initial value is modified at the slice layer when a non-zero value of slice_qp_delta is decoded, and is modified further when a non-zero value of cu_qp_delta is decoded at the coding unit layer. The value of pic_init_qp_minus52 shall be in the range of −(52 + QpBdOffsetY ) to 51, inclusive.
In 7.4.3 Slice header semantics,

slice_qp_delta specifies the initial value of QPY to be used for all the macroblocks in the slice until modified by the value of cu_qp_delta in the coding unit layer. The initial QPY quantisation parameter for the slice is computed as

SliceQPY = 52 + pic_init_qp_minus52 + slice_qp_delta
(7‑9)

The value of slice_qp_delta shall be limited such that SliceQPY is in the range of −QpBdOffsetY to +103, inclusive.
scale_qp_delta specifies how much cu_qp_delta is scaled up and the maximum absolute value of cu_qp_delta minus 2 MaxAbsQPDeltaMinus2. scale_qp_delta shall be inferred to be equal to 2 when it is not present. The decoded value of scale_qp_delta shall be the greater than or equal to 1. If the scale_qp_delta value is 1, the variable MaxAbsQPDeltaMinus2 is set to 50+ QpBdOffsetY / 2 . Otherwise (if the scale_qp_delta value is 2), the variable MaxAbsQPDeltaMinus2 is set to 24+ QpBdOffsetY / 4 .
In 7.4.9 Transform coefficient semantics,
The decoded value of cu_qp_delta shall be in the range of –( MaxAbsQPDeltaMinus2+ 2 ) to +( MaxAbsQPDeltaMinus2+ 1 ), inclusive. cu_qp_delta shall be inferred to be equal to 0 when it is not present for any quantization group of coding units.

The value of QPY is derived as

QPY=(((QPY,PREV+ scale_qp_delta*cu_qp_delta+104+ 2*QpBdOffsetY)%(104+QpBdOffsetY))-QpBdOffsetY  (7‑21)
In 8.5.3,
dij = ( cij * LevelScale[ qP%12 ] ) << ( qP/12 + trafoPrecisionExt ), with i, j = 0..nS-1
(8‑158)
Where, LevelScale[12] is {40, 42, 45, 48, 51, 54, 57, 60, 64, 68, 72, 76}.
In 9.3.2.6
Binarization process for cu_qp_delta, 
Input to this process is a request for a binarization for the syntax element cu_qp_delta.
Output of this process is the binarization of the syntax element.
The bin string of this binarization process of a syntax element value synVal is specified by a process equivalent to the following pseudo-code.
absV = Abs( synVal ) 
if( absV = = 0 ){ 

put( 0 ) 
} else {

put( 1 ) 

signV = ( synVal > 0 ) ? 0 : 1

put( signV ) 

cMax = MaxAbsQPDeltaMinus2 + signV

cNum = absV − 1

absVGreaterThan1Flag = ( absV = = 1 ) ? 0 : 1

put( absVGreaterThan1Flag ) 

if( absVGreaterThan1Flag ){ 


while( cNum−− ) 



put( 1 ) 


if( cMax > absV − 1 )



put( 0 ) 

}
}
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Figure � SEQ Figure \* ARABIC �2�. dQP=1 with different dQP_Scale
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Figure � SEQ Figure \* ARABIC �1�. AVC style mapping with dQP_Scale=2
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