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Abstract
In this contribution, it is reported that the result of EE 13.50 on Triangle soup.
Introduction
The goal of this EE is to study proposals related to Trisoup. The mandates of this EE are as follows:
· To study refinements or optimizations on the Trisoup encoding/decoding process implemented to TMC13, especially about improving the coding performance at the highest rate point (r04),
· To study an extension of Trisoup to variable node size,
· To evaluate coding performances (objective quality) of the proposals on top of the TMC13,
· To investigate the impacts of the proposals on subjective quality.
Study Items
[bookmark: _Ref100821898][bookmark: _Ref95467516]Trisoup Coding Performances
At the discussion of m58776 [1] at the January 2022 meeting, it was pointed out by an expert that bitrates significantly increase from r03 to r04 although D1/D2 PSNRs are not so different between r03 and r04. It was also pointed out that Trisoup had been very little improved since the original proposal. Therefore, refinements or optimizations on the Trisoup especially about improving the coding performance at the highest rate point (r04) should be studied in this EE.
Optimization of The Projection Plane Determination
At the January 2022 meeting, two alternative methods of the projection plane determination on the Trisoup decoding process were proposed and one of them (Method 1) was adopted to the next version of TMC13 and the other (Method 2) was recommended to study in this EE [2]. The summary of the Method 2 in [2] is as follows.
Method 2 in [2] is a simplification of Method 1 in [2]. An area of a projected polygon can be estimated by the length of diagonal lines of the projected polygon. In method 2, each vertex position on the projected plane is transformed by the Hadamard transform. When a projected plane is the x-y axis, the transform operation is as follows.

After the Hadamard transform for all vertices in a projected plane, the difference between the max coordinate value and the min coordinate value is calculated according to Hadamard transformed axes. Finally, the plane which has the largest sum of differences is chosen as the projected plane. In the case of Figure 1, the sum of differences of the x-y plane (amax + bmax) is larger than that of the y-z plane (a'max + b'max). Therefore, the x-y plane will be chosen as a projection plane in the case of Figure 1.
[image: ]
[bookmark: _Ref100933769]Figure 1 Method 2 in [2].
Extension to Variable Node Size
In [3], it is proposed that an extension of Trisoup to variable node sizes. Additionally, an improvement of [3] in terms of subjective quality is proposed in [1]. These proposals should be studied after the study described in subsection 3.1.
[bookmark: _Ref84237932]Experimental Results
In this contribution, it is reported that comparison of coding performances of Trisoup (fixed node size), Trisoup (variable node size), and Octree to clarify the current status regarding the study item shown in 3.1. Results of Trisoup (fixed node size) and Octree are the anchor results of TMC13-v14.0 [4]. Results of Trisoup (variable node size) are the results reported in m58776 [1]. RD curves of D1 PSNR for longdress_vox10_1300 are shown in Figure 2 and Figure 3, and for loot_vox10_1200 are shown in Figure 4 and Figure 5, respectively. As pointed out at the January 2022 meeting, the coding performances of Trisoup (TMC13-14.0, fixed node size) at the highest rate point are worse than that of Octree. It can be observed that the variable node size extension for Trisoup is efficient to improve coding efficiency at the highest rate point (especially for D1 PSNR). RD curves of the other Solid class sequences [5] can be found on the m59514.xlsx (attached to this contribution document). Tendencies for the other sequences are the same as those in Figure 2 to Figure 5.


[bookmark: _Ref100838893]Figure 2 Coding performances (D1) of longdress_vox10_1300.


[bookmark: _Ref100838899]Figure 3 Coding performances (D2) of longdress_vox10_1300.



[bookmark: _Ref100838920]Figure 4 Coding performances (D1) of loot_vox10_1200.


[bookmark: _Ref100838926]Figure 5 Coding performances (D2) of loot_vox10_1200.

Related Contributions
Seven new contributions related to the study item in 3.1 are input by Xiaomi. It is recommended that all the contributions will be reviewed during the MPEG week.

Table 1 Related contributions to this EE.
	m59288
	[GPCC][TriSoup] Part 1 Improving TriSoup summary, results and perspective
	S. Lasserre (Xiaomi)

	m59289
	[GPCC][TriSoup] Part 2 Fixes and simplifications
	S. Lasserre (Xiaomi)

	m59290
	[GPCC][TriSoup] Part 3 Adding a residual for the centroid vertex
	S. Lasserre (Xiaomi)

	m59291
	[GPCC][TriSoup] Part 4 Vertex Quantization
	S. Lasserre (Xiaomi)

	m59292
	[GPCC][TriSoup] Part 5 Improved rendering from triangles
	S. Lasserre (Xiaomi)

	m59293
	[GPCC][TriSoup] Part 6 Compression of vertex presence flag and vertex position
	S. Lasserre (Xiaomi)

	m59294
	[GPCC][TriSoup] Part 7 Latest improvements
	S. Lasserre, S. Gao (Xiaomi)


Conclusion
In this contribution, it was reported that the result of EE 13.50 on Triangle soup. Seven new contributions related to this EE were input by Xiaomi. It was recommended that all the related contributions will be reviewed during the MPEG week.
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loot_vox10_1200

Trisoup (TMC13-14.0)	1.2467635681777259E-2	4.783399665956773E-2	0.18280236189671981	0.71160893348317678	56.0428	63.932400000000001	69.163700000000006	70.832999999999998	Trisoup (Variable node size (m58776))	1.362995709593498E-2	5.013877074576082E-2	0.16520859074737515	0.57556765617141759	56.022100000000002	63.863799999999998	69.262299999999996	71.594999999999999	Octree (TMC13-14.0)	2.3375575106949712E-2	7.7547700503548436E-2	0.26840683733088283	0.61072539535692327	0.79285222002148303	0.88094028822094039	55.652900000000002	62.217100000000002	68.449799999999996	73.334800000000001	74.790400000000005	75.311300000000003	Bits per input point [bits]


D2 PSNR [dB]




longdress_vox10_1300

Trisoup (TMC13-14.0)	1.159020287517221E-2	4.7162708079341142E-2	0.18479053948524768	0.72296571192797854	51.464100000000002	59.817900000000002	65.942099999999996	67.808499999999995	Trisoup (Variable node size (m58776))	1.2205611877393743E-2	4.824433602263959E-2	0.1709531613140847	0.60673732991750251	51.4649	59.7883	65.987200000000001	68.202200000000005	Octree (TMC13-14.0)	2.4317979966572104E-2	8.3210756603408528E-2	0.2831161141583699	0.63692034416282228	0.82492779434150076	0.92136052011385061	52.777099999999997	58.441499999999998	63.212200000000003	67.983999999999995	69.679100000000005	70.385000000000005	Bits per input point [bits]


D1 PSNR [dB]




longdress_vox10_1300

Trisoup (TMC13-14.0)	1.159020287517221E-2	4.7162708079341142E-2	0.18479053948524768	0.72296571192797854	54.576900000000002	61.967100000000002	68.799300000000002	70.871399999999994	Trisoup (Variable node size (m58776))	1.2205611877393743E-2	4.824433602263959E-2	0.1709531613140847	0.60673732991750251	54.517400000000002	61.852699999999999	68.561099999999996	71.555000000000007	Octree (TMC13-14.0)	2.4317979966572104E-2	8.3210756603408528E-2	0.2831161141583699	0.63692034416282228	0.82492779434150076	0.92136052011385061	55.653300000000002	62.248399999999997	68.462699999999998	73.364699999999999	74.742800000000003	75.237700000000004	Bits per input point [bits]


D2 PSNR [dB]




loot_vox10_1200

Trisoup (TMC13-14.0)	1.2467635681777259E-2	4.783399665956773E-2	0.18280236189671981	0.71160893348317678	51.758600000000001	60.186799999999998	65.838899999999995	67.789000000000001	Trisoup (Variable node size (m58776))	1.362995709593498E-2	5.013877074576082E-2	0.16520859074737515	0.57556765617141759	52.271700000000003	60.584499999999998	65.889499999999998	68.226500000000001	Octree (TMC13-14.0)	2.3375575106949712E-2	7.7547700503548436E-2	0.26840683733088283	0.61072539535692327	0.79285222002148303	0.88094028822094039	52.804400000000001	58.439399999999999	63.209899999999998	67.981800000000007	69.706400000000002	70.3874	Bits per input point [bits]


D1 PSNR [dB]
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