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1	Abstract
This contribution is a report of EE13.2 on Inter Prediction Test 6 [1]. This document reports the additional performance gain that is achieved by using an additional inter predictor point proposed in [2], obtained by finding the first point that has azimuth greater than the inter predictor point obtained using tools presented in [3]. This document also suggests a patch to fix an issue where in some instances the prediction error of laserID is -1. There is no side effect from implementing this patch.

In the 2nd version of the document, the results were updated after a minor macro bug fix is applied for generating the anchor results that does not use the additional inter predictor point. The macro correction made reduced the coding gain improvement to about 0.8% in lossy coding of cat3-frame content and about 0.5% bitrate reduction in lossless coding for the introduction of additional inter predictor point.

2	Introduction
Inter prediction tools for predictive geometry coding were included in the InterEM-v3.0 based on contributions at the 134th meeting and 135th meeting [4]. 
One of the proposed tools [2] introduces an additional inter predictor point that is obtained by finding the first point that has azimuth greater than the inter predictor point obtained using tools presented in [3] as shown in Figure 1.
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[bookmark: _Ref79024317]Figure 1: Additional Inter Predictor Point obtained from the first point that has azimuth greater than the Inter Predictor Point

Additional signalling is used to indicate which of the predictors is selected if inter coding has been applied. The proposed method was recommended to be evaluated in EE13,2 in terms of coding gain and complexity [1].

3	Evaluation results
The baseline is set to TMC13-v14 based InterEM-v3.0 with predictive geometry coding. The comparing simulation result is run under C2 and CW conditions in CTC with each frame using the previous frame as reference, and every eighth frame is coded as an intra frame. The C2 and CW conditions simulation results are as shown in Table 1.
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[bookmark: _Hlk84418525][bookmark: _Hlk76130293]Table 1: Coding gain and bitrate reduction from additional inter predictor point introduced to InterEM-v3.0 with predictive geometry coding

[bookmark: _Hlk84418621]It can be seen there is a coding gain improvement of about 0.90.8% in lossy coding of cat3-frame content and about 0.60.5% bitrate reduction in lossless coding can be achieved with the introduction of additional inter predictor point, with some increase in encoding time and slight increase in decoding time.

The tool has been integrated into InterEM-v3.0 development software available in the following mpeg CE repository branch:
< mpeg135/mtg/InterEM-v3.0-dev > [5]

4	Proposed patches and results
During our investigation, we encountered some instances where the prediction error of laserID is -1. We investigated and found that this occurs during transition from decreasing one laserID value to the next laserID value. This could result in large prediction error for radius component and there is also no direct connection of prediction tree structure.
We recommend solving this issue by using the azimuth and laserID from the parent node (instead of the previously decoded point used currently) as input parameters for obtaining inter predictors from the reference frame. This would involve minor modifications to the encode tree source code highlighted follows:

#if INTERPRED_PARENT_POS_PATCH
   auto parentPos = srcPts[nodes[nodeIdx].parent];
#else
   auto prevPos = srcPts[prevNodeIdx];
#endif
   std::pair<bool, point_t> interPred;
   switch (interFlag) {
     case 1:
#if INTERPRED_PARENT_POS_PATCH
       interPred = refFrameSph.getClosestPred(parentPos[1], parentPos[2]);
#else
       interPred = refFrameSph.getClosestPred(prevPos[1], prevPos[2]);
#endif
       refNodeFlag = false;
       break;
     case 2:
#if INTERPRED_PARENT_POS_PATCH
       interPred = refFrameSph.getNextClosestPred(parentPos[1], parentPos[2]);
#else
       interPred = refFrameSph.getNextClosestPred(prevPos[1], prevPos[2]);
#endif
       refNodeFlag = true;
       break;
   }
#endif
   if (interPred.first) 
     pred = interPred.second;
   else
     continue;

and also changes to decode tree source code highlighted as follows:

#if INTERPRED_PARENT_POS_PATCH
  auto parentPos = outA[_nodeIdxToParentIdx[curNodeIdx]];
#else
  auto prevPos = outA[prevNodeIdx];
#endif
  std::pair<bool, point_t> interPred;
  if (!refNodeFlag)
#if INTERPRED_PARENT_POS_PATCH
    interPred = refFrameSph.getClosestPred(parentPos[1], parentPos[2]);
#else
    interPred = refFrameSph.getClosestPred(prevPos[1], prevPos[2]);
#endif
  else
#if INTERPRED_PARENT_POS_PATCH
    interPred = refFrameSph.getNextClosestPred(parentPos[1], parentPos[2]);
#else
    interPred = refFrameSph.getNextClosestPred(prevPos[1], prevPos[2]);
#endif
  assert(interPred.first);
  pred = interPred.second;

[bookmark: _Hlk84421005]We applied the patch on the InterEM-v3.0 development software in [5] and compared it’s results against that without the patch as shown in Table 2.
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Table 2: Patch on the InterEM-v3.0 development software compared to that without patch

It can be observed that there is no side effect from the patch and there is slight gain for some of the test sequences in lossy coding of cat3-frame content.

5	Conclusion
In this contribution, we reported coding gain improvement of 0.90.8% in lossy coding of cat3-frame content and about 0.60.5% bitrate reduction in lossless coding with the introduction of additional inter predictor point with some increase in encoding time and slight increase in decoding time. The tool has been successfully integrated into InterEM-v3.0 development software available in the mpeg CE repository branch.

We also suggested a patch to use the azimuth and laserID from the parent node (instead of the previously decoded point used currently) as input parameters for obtaining inter predictors from the reference frame, to fix an issue where in some instances the prediction error of laserID is -1.

Based on these results, it is recommended to apply the patch to the next version of InterEM software and continue with this test in EE13.2.
References
[1] Description of Exploration Experiment 13.2 on inter prediction, ISO/IEC JTC1/SC29 WG7 MDS20631_WG07_N00155, July 2021, Virtual
[2] K. L. Loi, T. Nishi, T. Sugio, [G-PCC][New]Inter Prediction for Improved Quantization of Azimuthal Angle in Predictive Geometry Coding, ISO/IEC JTC1/SC29/WG7 m57351, July 2021.
[3] A. K. Ramasubramonian, L. Pham Van, G. Van der Auwera, M. Karczewicz, [G-PCC][New proposal] Improvements to inter prediction using predictive geometry coding, ISO/IEC JTC1/SC29/WG7 m57299, July 2021.
[4] Technologies under consideration in G-PCC, ISO/IEC JTC 1/SC29/WG 7 MDS20648, Teleconference, Jul. 2021. 
[5] http://mpegx.int-evry.fr/software/MPEG/PCC/CE/mpeg-pcc-tmc13/-/tree/mpeg135/mtg/InterEM-v3.0-dev


image1.png
Additional Inter Pred Point

s o
O \_> O \'_—j‘\’ _O Prev Dec Point
Ref Point with same scaled

O azimuth and laserlD O
o © o ©

Reference Frame Current Frame





image2.png
lossy geometry, lossy attributes [all intra]

2 ai End-to-End BD-AttrRate [%] Geom.
Luma UL Chroma Cr Reflctans D1 D2
Cb e
Cat3-frame average/ 0.0% -0.8% -0.8%
Overall average | #DIV/0! | #DIV/0! _ #DIV/0! 00%  -0.8% -0.8%
Avg. Enc Time [%] 106%

Avg. Dec Time [%] 102%





image3.emf
Luma

Chroma 

Cb

Chroma Cr

Reflectanc

e

D1 D2

Cat3-frame average 0.0% -0.9% -1.0%

Overall average #DIV/0! #DIV/0! #DIV/0! 0.0% -0.9% -1.0%

Avg. Enc Time [%]

Avg. Dec Time [%]

C2_ai

lossy geometry, lossy attributes [all intra]

End-to-End BD

‑

AttrRate [%] Geom. 

105%

102%


image4.png
lossless geometry, lossless attributes [all

CW_ai bpip ratio [%]
Geometr Reflectanc
Colour Total
y e
Cat3-frame average 99.5% 100.0% 99.6%
Overall average 99.5% I #DIV/0! 100.0% 99.6%
Avg. EncTime [%] 107%

Avg. Dec Time [%] 100%





image5.emf
Geometr

y

Colour

Reflectanc

e

Total

Cat3-frame average 99.4% 100.0% 99.6%

Overall average 99.4% #DIV/0! 100.0% 99.6%

Avg. Enc Time [%]

Avg. Dec Time [%]

CW_ai

lossless geometry, lossless attributes [all 

bpip ratio [%]

107%

101%


image6.emf
D1 D2 Reflectance D1 D2 Reflectance

cat3-frameford_01_q1mm 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ford_02_q1mm 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

ford_03_q1mm 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

qnxadas-junction-approach -0.1% -0.1% 0.0% 0.0% -0.1% 0.0%

qnxadas-junction-exit -0.1% -0.1% 0.0% -0.1% -0.1% -0.1%

qnxadas-motorway-join 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

qnxadas-navigating-bends 0.0% -0.1% 0.0% 0.0% -0.1% 0.0%

End-to-End 

BD

‑

TotalRat

C2_ai — lossy geometry, lossy attributes [all intra]

Geom. 

BD

‑

TotGeomRate 

End-to-End 

BD

‑

AttrRate 

Geom. 

BD

‑

TotalRate [%]

Class Sequence


image7.emf
Total

Geometr

y Colour

Reflectan

ce

cat3-frameford_01_q1mm 100.0% 100.0% 100.0%

ford_02_q1mm 100.0% 100.0% 100.0%

ford_03_q1mm 100.0% 100.0% 100.0%

qnxadas-junction-approach 100.0% 100.0% 100.0%

qnxadas-junction-exit 100.0% 100.0% 100.0%

qnxadas-motorway-join 100.0% 100.0% 100.0%

qnxadas-navigating-bends 100.0% 100.0% 100.0%

CW_ai — lossless geometry, lossless attributes [all intra]

Class Sequence

bpip ratio [%]


