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Abstract
In this contribution, we reviewed the results of CE13.19 which proposed attribute layer quantization control for point cloud data using delta QP method. The results showed the method is capable of supporting fine tuning of rate control and also fine tuning of quality control by providing a tool to fine tune each attribute transform layer individually for both lifting transform and RAHT. 
Introduction
The ability to change attribute quantization step of each layer in predicting/lifting transform or RAHT would be useful as it provides functionality capability for fine rate control and also quality control. m47834[2] proposal introduce attribute quantization step of each layer into the slice header. A delta QP layer parameter is implemented on each attribute slice header to check on the feasibility of controlling each slice’s attribute individually layer by layer.

Proposed Delta QP layer concept and syntax

	attribute_slice_header( ) {
	Descriptor

		ash_attr_parameter_set_id
	ue(v)

		ash_attr_sps_attr_idx
	ue(v)

		ash_attr_geom_slice_id
	ue(v)

		ash_attr_layer_QP_present_flag
	u(1)

		if( ash_attr_layer_QP_present_flag ) {
	

	        num_layer = ( attribute_coding_type  = =  1 ) ? raht_depth : num_detail_levels_minus1 + 1
	

			for( idx = 0; idx  < num_layer; idx++ ) {
	

				ash_attr_delta layer_QP_luma[idx]
	se(v)

	              ash_attr_delta_layer_QP_chroma[idx]
	se(v)

		}
	

		byte_alignment( )
	

	}
	


Table 2‑1: Proposed New Attribute Slice Header Syntax

[bookmark: _GoBack]ash_attr_layer_QP_present flag indicated the present or absent of delta layer QP parameter in the syntax. If present flag is set to 1, ash_attr_delta layer_QP_luma and ash_attr_delta layer_QP_chroma of each layer is present. Here the number of layers for each transform will be calculated according to the transform type Predicting/Lifting or Raht 
 ash_attr_delta_layer_QP_luma[idx] specifies the delta QP value for luma in each layer of the transform at current slice 
ash_attr_delta_layer_QP_chroma[idx] specifies the delta QP value for chroma in each layer of the transform at current slice

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Delta QP Layer
The corresponding quantization parameter, QP (QPAPS) are stored in the Attribute Parameter Set (APS), and the parameters can be changed slice-by-slice and further layer by layer of the corresponding transform method. 
By adding the delta QP layer value (,  …) in each attribute slice header, the QP value can be changed for each layer of a particular. Delta QP layer value is the difference between QPslice and effective QP value of that slice’s layer. Delta QP layer is present only if layer_QP_present_flag in attribute slice header ASH is set to 1.
In the decoder, obtain QPAPS from APS, delta QP slice of each slice to compute effective slice QP value. Then delta QP layer value is obtained from each attribute slice header to add on to effective slice QP value to get the final effective QP value for the respective slice and layer.


As1
APS
Gs1
GPS
As2
Gs2
QPslice1 = QPAPS + ΔQPslice1
[bookmark: OLE_LINK8]QPslice2 = QPAPS + ΔQPslice2
[bookmark: OLE_LINK11]QPfinal_slice1_LoD1 = QPSlice1 + ΔQPslice1_Layer1
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]QPfinal_slice1_LoD2 = QPSlice1 + ΔQPslice1_Layer2
QPfinal_slice2_LoD1 = QPSlice2 + ΔQPslice2_Layer1

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _Hlk4034229]QPAPS 

ΔQPslice1 ＝ QPslice1 - QPAPS
ΔQPslice1_Layer1 ΔQPslice1_Layer2 ΔQPslice1_Layer3 ….


ΔQPslice2 ＝ QPslice2 - QPAPS
ΔQPslice1_Layer1 ΔQPslice1_Layer2 ΔQPslice1_Layer3 ….


Figure 2‑1: The modified bitstream structure for TMC13 with CE13.19


Implementation

Figure below shows Delta QP layer implementation on Lifting/Predicting transform and specific delta QP is applied on each layer. The effective QP value for each layer in a particular slice is added between delta QP of that layer with QP for that slice. The final residue value will be the product of the attribute with quantization weight and effective QP value.
 
[image: ]
Figure 3‑1:Operation of Delta Layer QP for Predicting/Lifting Transform


The next figure show RAHT with delta QP for each layer and specific delta QP is applied on each layer. The effective QP value for each layer in a particular slice is added between delta QP of that layer with QP for that slice. The final residue value will be the square root of the attribute divided by weight and effective QP value.

[image: ]
Figure 3‑2:Operation of Delta Layer QP for RAHT
1 

Analysis of Fine Rate Control Function

Table 4‑1 and Table 4‑2 shows the result of compressed bitstream size and PSNR of color under below conditions.
From the result, it was confirmed that encoder can generate bitstream B that the size is between A and C. Thus, it was confirmed to be able to fine control by controlling QP value of Layer.
[Setting Parameter]
Dataset: Longdress_vox10_1300, C1 (Lossless Geometry, Lossy Attribute)
A. Slice QP = 40, Layer QP: No control
B. Slice QP = 40, Layer QP: Control
C. Slice QP = 41, Layer QP: No control

1. Predicting/Lifting
DeltaQPLayerLuma = [0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1]
DeltaQPLayerChroma = [0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1]

[bookmark: _Ref13059249]Table 4‑1　Color bitstream and PSNR (Lifting)
	　
	A: QP40
	B: QP40
+ ΔQPLayer
	C: QP41

	Bitstream size
	45234
	42063
	39819

	Luma PSNR
	30.11
	29.8
	29.69

	Cb PSNR
	36.35
	36.22
	35.91

	Cr PSNR
	35.78
	35.59
	35.33




2. RAHT
DeltaQPLayerLuma
= [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1]
DeltaQPLayerChroma
 = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1]

[bookmark: _Ref13059261]Table 4‑2 Color bitstream and PSNR (RAHT)
	
	A: QP40
	B: QP40
+ ΔQPLayer
	C: QP41

	Bitstream size
	47171
	43491
	40375

	Luma PSNR
	28.25
	27.99
	27.75

	Cb PSNR
	33.98
	33.94
	33.6

	Cr PSNR
	33.26
	33.14
	32.81






Experiment

m47834 method was implemented on TMC13v6 software. There are then tested separately under CTC with Predicting/Lifting Transform and RAHT compared to original TMC13v6 without modification. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2.  
[bookmark: _Ref13063663]QP value Settings

The QP value for each LOD is set as table below for condition C1 (Lossless geometry, Lossy attributes) and C2 condition (Lossy geometry, Lossy attributes)
Layer_QP_Delta_Luma and Layer_QP_Delta_Chroma is set to a fixed value that increases by 1 as the LOD level increases. And it is set to a value that higher quality for important components at lower levels, and set to a value that lower quality for unimportant component at higher levels. 
Predicting/Lifting
The QP value for each LOD in Predicting/Lifting is set as table below for condition C1 (Lossless geometry, Lossy attributes) and C2 condition (Lossy geometry, Lossy attributes)

Table 5‑1 QP at predefined CTC Rate Point for Predicting/Lifting Transform
	QP at rate point

	R6
	R5
	R4
	R3
	R2
	R1

	22
	28
	34
	40
	46
	52



Table 5‑2 Layer QP Delta Settings for Predicting/Lifting Transform
	Layer_QP_Delta_Luma and Chroma

	LOD
	R6
	R5
	R4
	R3
	R2
	R1

	0
	-7
	-7
	-7
	-7
	-7
	-7

	1
	-6
	-6
	-6
	-6
	-6
	-6

	2
	-5
	-5
	-5
	-5
	-5
	-5

	3
	-4
	-4
	-4
	-4
	-4
	-4

	4
	-3
	-3
	-3
	-3
	-3
	-3

	5
	-2
	-2
	-2
	-2
	-2
	-2

	6
	-1
	-1
	-1
	-1
	-1
	-1

	7
	0
	0
	0
	0
	0
	0

	8
	1
	1
	1
	1
	1
	1

	9
	2
	2
	2
	2
	2
	2

	10
	3
	3
	3
	3
	3
	3

	11
	4
	4
	4
	4
	4
	4

	12
	5
	5
	5
	5
	5
	5

	13
	6
	6
	6
	6
	6
	6

	14
	7
	7
	7
	7
	7
	7



Table 5‑3  Effective QP for Predicting/Lifting Transform
	Effective QP Luma and Chroma
Effective QP Luma = QP_Luma + LayerDeltaQPLuma

	LOD
	R6
	R5
	R4
	R3
	R2
	R1

	0
	15
	21
	27
	33
	39
	45

	1
	16
	22
	28
	34
	40
	46

	2
	17
	23
	29
	35
	41
	47

	3
	18
	24
	30
	36
	42
	48

	4
	19
	25
	31
	37
	43
	49

	5
	20
	26
	32
	38
	44
	50

	6
	21
	27
	33
	39
	45
	51

	7
	22
	28
	34
	40
	46
	52

	8
	23
	29
	35
	41
	47
	53

	9
	24
	30
	36
	42
	48
	54

	10
	25
	31
	37
	43
	49
	55

	11
	26
	32
	38
	44
	50
	56

	12
	27
	33
	39
	45
	51
	57

	13
	28
	34
	40
	46
	52
	58

	14
	29
	35
	41
	47
	53
	59



RAHT

The QP value for each depth layer in RAHT is set as table below for condition C1 (Lossless geometry, Lossy attributes) and C2 condition (Lossy geometry, Lossy attributes)

Table 5‑4 QP at predefined CTC Rate Point for RAHT
	QP at rate point

	R6
	R5
	R4
	R3
	R2
	R1

	22
	28
	34
	40
	46
	52



Table 5‑5 Layer QP Delta Settings for RAHT
	Layer_QP_Delta_Luma and Chroma

	Depth Layer
	R6
	R5
	R4
	R3
	R2
	R1

	0
	-7
	-7
	-7
	-7
	-7
	-7

	1
	-6
	-6
	-6
	-6
	-6
	-6

	2
	-5
	-5
	-5
	-5
	-5
	-5

	3
	-4
	-4
	-4
	-4
	-4
	-4

	4
	-3
	-3
	-3
	-3
	-3
	-3

	5
	-2
	-2
	-2
	-2
	-2
	-2

	6
	-1
	-1
	-1
	-1
	-1
	-1

	7
	0
	0
	0
	0
	0
	0

	8
	0
	0
	0
	0
	0
	0

	9
	1
	1
	1
	1
	1
	1

	10
	1
	1
	1
	1
	1
	1

	11
	1
	1
	1
	1
	1
	1

	12
	2
	2
	2
	2
	2
	2

	13
	2
	2
	2
	2
	2
	2

	14
	2
	2
	2
	2
	2
	2

	15
	3
	3
	3
	3
	3
	3

	16
	3
	3
	3
	3
	3
	3

	17
	3
	3
	3
	3
	3
	3

	18
	4
	4
	4
	4
	4
	4

	19
	4
	4
	4
	4
	4
	4

	20
	4
	4
	4
	4
	4
	4

	21
	5
	5
	5
	5
	5
	5

	22
	5
	5
	5
	5
	5
	5

	23
	5
	5
	5
	5
	5
	5

	24
	6
	6
	6
	6
	6
	6

	25
	6
	6
	6
	6
	6
	6

	26
	6
	6
	6
	6
	6
	6

	27
	7
	7
	7
	7
	7
	7

	28
	7
	7
	7
	7
	7
	7

	29
	7
	7
	7
	7
	7
	7



Table 5‑6 Effective QP for RAHT
	Effective QP Luma and Chroma
Effective QP Luma = QP_Luma + DepthLayerDeltaQPLuma

	Depth Layer
	R6
	R5
	R4
	R3
	R2
	R1

	0
	15
	21
	27
	33
	39
	45

	1
	16
	22
	28
	34
	40
	46

	2
	17
	23
	29
	35
	41
	47

	3
	18
	24
	30
	36
	42
	48

	4
	19
	25
	31
	37
	43
	49

	5
	20
	26
	32
	38
	44
	50

	6
	21
	27
	33
	39
	45
	51

	7
	22
	28
	34
	40
	46
	52

	8
	22
	28
	34
	40
	46
	52

	9
	23
	29
	35
	41
	47
	53

	10
	23
	29
	35
	41
	47
	53

	11
	23
	29
	35
	41
	47
	53

	12
	24
	30
	36
	42
	48
	54

	13
	24
	30
	36
	42
	48
	54

	14
	24
	30
	36
	42
	48
	54

	15
	25
	31
	37
	43
	49
	55

	16
	25
	31
	37
	43
	49
	55

	17
	25
	31
	37
	43
	49
	55

	18
	26
	32
	38
	44
	50
	56

	19
	26
	32
	38
	44
	50
	56

	20
	26
	32
	38
	44
	50
	56

	21
	27
	33
	39
	45
	51
	57

	22
	27
	33
	39
	45
	51
	57

	23
	27
	33
	39
	45
	51
	57

	24
	28
	34
	40
	46
	52
	58

	25
	28
	34
	40
	46
	52
	58

	26
	28
	34
	40
	46
	52
	58

	27
	29
	35
	41
	47
	53
	59

	28
	29
	35
	41
	47
	53
	59

	29
	29
	35
	41
	47
	53
	59


Experimental Result
Table 5‑7, Table 5‑8, Table 5‑9, Table 5‑10 shows the summary result of test condition C1 and C2 for implementation of Layer Delta QP vs Original TMC13v6. From the result, it was confirmed that BD-rate may be improved even if Layer Delta QP is set to fixed value defined in 5.1. So, it is expected that BD-rate can be improved further by using more appropriate QP values.
Predicting/Lifting
Detailed result is included in the attached excel sheet (delta_qp_layer__vs__tmc3v6.0-rc1_octree_predlift_dl580_xcheck_pana.xlsm).

[bookmark: _Ref13061770]Table 5‑7 Layer Delta QP vs Original TMC13v6
[image: ]


[bookmark: _Ref13064170]Table 5‑8 Layer Delta QP vs Original TMC13v6 in C1 Test Condition
[image: ]


RAHT
Detailed result is included in the attached excel sheet (delta_qp_layer__vs__tmc3v6.0-rc1_octree_predlift_dl580_xcheck_pana.xlsm).


[bookmark: _Ref13063084]Table 5‑9 Layer Delta QP vs Original TMC13v6
[image: ]



[bookmark: _Ref13064174]Table 5‑10 Layer Delta QP vs Original TMC13v6 in C1 Test Condition
[image: ]


Conclusion 

In this contribution, we reviewed the results of CE13.19 which proposed attribute layer quantization control for point cloud data using delta QP method. The results showed the method is capable of supporting fine tuning of rate control and also fine tuning of quality control by providing a tool to fine tune each attribute transform layer individually for both prediction/lifting transform and RAHT. Based on this result, we would suggest adopting CE13.19 Attribute Layer quantization control through layer delta QP implementation into next TMC13 CD.
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Cat1-A average -0.2% -19.3% -18.1%
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Cat3-fused average 0.5% -0.4% 0.0% 0.1%

Cat3-frame average 6.8%

Overall average 0.2% -15.8% -16.1% 4.8%
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Avg. Dec Time [%]
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