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Abstract
This document describes the goals and mandates of PCC Validation Experiment VE4FE 2.5 on color smoothing. 
Introduction
The goal of VE4FE 2.5 is to implement changes to attribute smoothing as proposed in [1] and verify performance. Once the implementation and results are verified, the method will be integrated into the reference software TMC2 v8.0 (or v8.1 depending on the integration timeline). The results of this VE will be reported to the 3DG/PCC AhG via its email reflector. 
Mandates
The mandate for VE4FE 2.5 is as follows:

· Implement the changes to attribute smoothing as proposed in [1] and verify performance.
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Description
Figure 1 shows the block diagram of attribute smoothing a 3-component color attribute in YUV420 8-bit or RGB444 8-bit format in TMC2 v7.0. If the decoded attribute is not in RGB444 format, it is upsampled (if necessary) and converted to a RGB444 format using BT. 709 conversion. After this attribute smoothing is applied to the RGB444 frame where the attribute smoothing decisions are based on luminance component of the RGB444 image (assuming BT. 709).
Figure 2 shows the attribute smoothing process proposed in [1] when the attribute is in 3-component YUV420 or RGB444 8-bit format. If the decoded frame has attribute of type YUV420, it is upsampled to YUV444 and stored in 16-bit precision. Then, attribute smoothing is performed on the YUV444 frame. The smoothing decisions are based on the Y component of the YUV444 frame. Finally, the smoothed YUV444 image is converted to RGB444. If the decoded frame has attribute of type RGB444, attribute smoothing is performed on the RGB444 frame directly. The smoothing decisions are based on the 0th component of the RGB444 frame.
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Figure 1: Attribute smoothing process in TMC2 v7.0
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Figure 2: Attribute smoothing process for the proposed method
Test Model, anchors and CTC
The initial implementation will be on top of TMC2 v7.0. The compressed texture bitstream is in YUV420 format. The YUV420 decoded video will be converted to YUV444 format and stored in 16-bit precision using HDRTools with the attached configuration file (yuv420toyuv444_16bit.cfg). After smoothing, the smoothed YUV444 format (16-bit) texture video will be converted to RGB444 format (8-bit). The simulation results will be reported against the TMC2 v7.0 under two test conditions:
· Test 1: This test is to verify that the TMC2 v7.0 performance is little changed when using test conditions as specified in the Common Test Conditions document (lossy) [2]. This means that attribute smoothing is off. 
· Anchor: TMC2 v7.0
· Test: proposed method with --flagColorSmoothing=0
--inverseColorSpaceConversionConfig=yuv420toyuv444_16bit.cfg
· Test 2: In this case test conditions as specified in the Common Test Conditions document (lossy) are used except that --flagColorSmoothing=1,  --gridColorSmoothing=1, and default color smoothing parameters are used.
· Anchor:  TMC2 v7.0 with --flagColorSmoothing=1 --gridColorSmoothing=1
· Test: proposed method with --flagColorSmoothing=1 --gridColorSmoothing=1
--inverseColorSpaceConversionConfig=yuv420toyuv444_16bit.cfg
The objective results will be provided using the result spreadsheet template. The subjective quality of the proposed will also be examined. 
Timeline
2019/11/01	Share code and 32-frame results with the cross-checkers.
2019/11/04	Share full-frame results with the cross-checkers
2019/11/08	Confirmation of the full-frame results by the cross checkers
2019/11/11      Release of the results to the 3DG/PCC AhG via its email reflector
2019/11/18	Integration of the method into the integration branch for TMC2 v8.0 or v8.1 (subject to confirmation from the cross checkers)
2019/12/02	Integration of the method into the VPCC text specification
Document and software references

[1] [bookmark: _Ref519755781][bookmark: _Ref528334200][bookmark: _Ref504489519]Rajan Joshi, Hossein Najaf-Zadeh, Madhukar Budagavi, “[V-PCC] On attribute smoothing,” ISO/IEC JTC1/SC29 WG11 Doc. m51003, October 2019, Geneva, CH.
[2] [bookmark: _Ref519753420][bookmark: _Ref519753593][bookmark: _Ref536386897]Common test conditions for PCC, ISO/IEC JTC1/SC29 WG11 Doc. N18665, July 2019, Gothenburg, SE.
image2.emf
Chroma upsamplingand YUV to 

RGB conversion (BT. 709)

Attribute smoothing

with smoothing decisions based on luminance 

component calculated from the RGB444 frame 

Decoded YUV420 frame (8-bit)

RGB444 frame (8-bit)

Smoothed RGB444 frame (8-bit)

Attribute smoothing

with smoothing decisions based on luminance 

component calculated from the RGB444 frame 

Decoded RGB444 frame (8-bit)

Smoothed RGB444 frame (8-bit)


image3.emf
Chroma upsampling

Attribute smoothing

with smoothing decisions based 

on Y component  

YUV444 to RGB444 

conversion

Decoded YUV420 frame (8-bit)

YUV444 frame (16-bit precision)

Smoothed YUV444 frame (16-bit)

Smoothed RGB444 frame (8-bit)

Attribute smoothing

with smoothing decisions based 

on 0thcomponent  

Decoded RGB444 frame (8-bit)

Smoothed RGB444 frame (8-bit)


image1.jpeg




