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Abstract
In previous meeting, region-wise quantization control method in one region was adopted, and cross check with using predicting and lifting transform has done in previous EE13.5 (m51063[1]). 
In this report, the implementation technique and result for RAHT on Region-wise Quantization control is in focus. The reported results showed that region-wise QP control for RAHT can change the QP of target region correctly and it can provide the functionality like ROI for G-PCC specification. 

Introduction
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Figure 1 Concept of Region-wise QP control 

In the 3D point cloud, the required visual importance and quality is different depending on the 3D region. For example, the face region of a human has higher importance and thus required better quality. 
m49626[3] proposed region-wise quantization control in Attribute coding which changes the quantization parameter based on the geometry position in a slice. 
It can keep the compression performance compared to a slice base QP Control because the attribute prediction structure will not be changed.
Syntax and process 
Attribute slice header syntax and semantics
The syntax for region-wise quantization control has already adopted and be in CD text. 
The adopted syntax can be used in RAHT and does not need to be changed.

Process of 3D Region QP Control
In 3D-Region-wise QP control method, the different attribute QP value is applied to specific region. Figure 2 shows the part of process of encoder. At first, the region where QP value should be changed and its target QP are determined, then the differential value of QP (region_qp_offset) are calculated.

Before attribute coding, region_qp_offset(i) for each point is determined by using geometry as following,

· If a 3D point cloud is within the box region, then region_qp_offset(i) of this point is set to region_qp_offset. 
· Otherwise region_qp_offset(i) of this point is set to 0.

After that, the attribute value of each point is processed with Lifting / RAHT along with region_qp_offset. 
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Implementation of Region-wise Quantization for RAHT

In RAHT ascent process, region_qp_offset of each node is generated from region_qp_offset of all points. The region_qp_offset for each node is derived using the region_qp_offset of the two lower level nodes. Here, the average value of the region_qp_offset of the two lower-level nodes is applied for region_qp_offset of current node, as shown in the following formula.

region_qp_offset = (HF->region_qp_offset + LF->region_qp_offset) >> 1

An average method will smoothen the different QP value between the nodes.

So that the accuracy is not lost by the integer right shift division implementation, the region_qp_offset for each point is shifted left by region_qp_shift_bit in advance before the RAHT process and the derived region_qp_offset for each node is shifted to the right by region_qp_shift_bit. 

Experiment Result
RAHT part of this region-wise quantization technique was implemented on TMC13v8 software [4]. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2.  

Subjective Quality

Below figure show the result of subjective quality comparison with using region-wise quantization in RAHT.

Content: long dress
Setting: C1 (lossless geometry, lossy attribute), QP=40 (r03)

No.1 region_qp_offset = -10
No.2 region_qp_offset = 0 (no control)
No.3 region_qp_offset = +10

It was confirmed that attribute quality can be control by changing the QP value of the region. 

For the left side (No.1), region_qp_offset is set to -10 for the head region. It can be noticed that the quality of the head become better. The eyes become sharper.

For the right side (No.3), region_qp_offset is set to 10 for the head region. It can be noticed that the quality of the head become worse overall.
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Figure 3: Subjective Quality Comparison of different delta Region QP Offset





Functionality test

The functionality was tested under CTC[5] C1/C2 with RAHT. The computing platform is Linux 64bits and the executables were compiled on 64-bit Linux with gcc 5.4.2.  
In these tests, crosscheck has done by Sony and result was matched. Thank you.

region_qp_offset was set to -6.
The bounding box of region was calculated automatically depend on the content bounding box.

Sequence toobooth_q1mm graph result in showcase here as it contains both reflectance and colour attributes information. Comparing to original Attribute RAHT encoding against region wise QP quantization control for RAHT, there are no significant different from PSNR. And it can be confirmed that the quality and the bit-size can be controlled by using this method.
The same kind of result were confirmed in other CTC content.
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Figure 4:PSNR Graph Comparison for tollbooth sequence




Conclusion 
In this contribution, we reviewed the results of EE13.5 which proposed region-wise attribute quantization control for RAHT. The results showed that region-wise QP control for RAHT can change the QP of target region correctly and it can provide the functionality like ROI for G-PCC specification similar as the behaviour of region-wise QP control for predicting and lifting transform. Based on this result, we would suggest adopting region-wise QP control for RAHT of EE13.5 into next TMC13 CD.
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