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Abstract

In this paper, we propose a texture map compression method based on the hierarchical coding method of SHVC to support the
scalability function of dynamic mesh compression. The proposed method effectively eliminates the redundancy of
multiple-resolution texture maps by downsampling a high-resolution texture map to generate multiple-resolution texture maps and
encoding them with SHVC. The dynamic mesh decoder supports the scalability of mesh data by decoding a texture map having an
appropriate resolution according to receiver performance and network environment. To evaluate the performance of the proposed
method, the proposed method is applied to V-DMC (Video-based Dynamic Mesh Coding) reference software, TMMv1.0, and the
performance of the scalable encoder/decoder proposed in this paper and TMMv1.0-based simulcast method is compared. As a result
of experiments, the proposed method effectively improves in performance the average of -7.7% and -5.7% in terms of point
cloud-based BD-rate (Luma PSNR) in Al and LD conditions compared to the simulcast method, confirming that it is possible to
effectively support the texture map scalability of dynamic mesh data through the proposed method.

Keyword : V-DMC, SHVC, scalability, mesh compression
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Table 1. BD-rate (pointcloud-based PSNR and image-based PSNR) performance in the Al/LD condition of the proposed method compared

to TMMv1.0
. Pointcloud-based BD-Rate [%)] Image-based BD-Rate [%]
Condition Class Sequence
D1 D2 Luma Chroma Cb | Chroma Cr Geom Luma
Cati-A longdress 19.3% 19.3% 21.4% 28.0% 28.2% 19.3% 20.5%
soldier 22.6% 22.6% 22.0% 47.9% 44.3% 22.6% 20.7%
Cat1-B basketballplayer 30.5% 30.6% 32.9% 41.5% 43.5% 30.6% 31.0%
dancer 31.1% 31.2% 33.4% 41.9% 45.2% 31.2% 31.6%
football 31.8% 31.7% 36.9% 50.6% 46.2% 29.2% 34.1%
Al Cat1-C levi 27.4% 27.4% 28.6% 36.9% 34.5% 27.5% 27.1%
mitch 14.8% 14.7% 15.3% 6.1% 10.4% 13.9% 14.6%
thomas 17.7% 17.6% 18.8% 24.8% 21.5% 17.2% 18.4%
Cat1-A average 20.9% 20.9% 21.7% 37.9% 36.2% 20.9% 20.6%
Cat1-B average 30.8% 30.9% 33.1% 41.7% 44.3% 30.9% 31.3%
Cat1-C average 22.9% 22.9% 24.9% 29.6% 28.1% 22.0% 23.6%
Overall average 24.4% 24 4% 26.2% 34.7% 34.2% 23.9% 24.7%
Cati-A longdress 18.6% 18.6% 20.7% 27.6% 27.5% 18.6% 20.3%
soldier 2.6% 2.4% 41.1% 46.5% 47.0% 4.2% 17.1%
Cati-B basketballplayer 30.5% 30.6% 32.9% 41.6% 43.6% 30.6% 31.0%
dancer 31.0% 30.9% 32.0% 40.1% 43.6% 31.6% 29.8%
football 31.7% 31.4% 36.4% 48.2% 44.2% 29.0% 33.6%
LD Cati-C levi 9.0% 9.0% 30.1% 63.0% 57.2% 9.6% 16.4%
mitch -9.6% -9.7% 22.7% 28.7% 2.3% -9.6% 7.9%
thomas -9.2% -9.2% 17.6% 81.8% 66.2% -9.2% 7.1%
Cat1-A average 10.6% 10.5% 30.9% 37.1% 37.3% 11.4% 18.7%
Cat1-B average 30.8% 30.7% 32.5% 40.9% 43.6% 31.1% 30.4%
Cat1-C average 5.5% 5.4% 26.7% 55.4% 42.5% 5.0% 16.3%
Overall average 13.1% 13.0% 29.2% 47.2% 41.4% 13.1% 20.4%
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2140jM BD-rate (pointcloud-based PSNR % image-based PSNR)

Table 2. BD-rate (pointcloud-based PSNR and image-based PSNR) performance in Al/LD condition of the proposed method compared to TMMv1.0

based on texture map simulcast coding

- Pointcloud-based BD-Rate [%] g“;%‘:&a?;‘;
Condition Class Sequence 2

D1 Luma Chroma Cb | Chroma Cr | Geom Luma

Cati-A longdress -7.1% -7.1% -7.6% -1.9% -1.8% -7.1% -8.0%

soldier -6.2% -6.2% -6.1% 13.1% 10.3% -6.2% -6.7%

Catl-B basketballplayer -9.1% -9.1% -7.4% -1.3% 0.1% -8.8% -8.5%

dancer -9.1% -9.0% -7.3% -1.7% 0.7% -8.7% -8.4%

football -11.2% -11.2% -9.0% -1.4% -4.1% -11.2% | -10.4%

Al Cati-C levi -12.5% -12.5% -11.5% -5.9% -7.5% -12.5% | -12.2%

mitch -7.4% -7.4% -6.9% -14.7% -10.4% -7.5% -7.5%

thomas -6.9% -6.9% -6.1% -2.0% -4.6% -6.9% -6.3%

Cat1-A average -6.7% -6.7% -6.8% 5.6% 4.2% -6.7% -7.4%

Cat1-B average -9.1% -9.0% -7.3% -1.5% 0.4% -8.8% -8.4%

Cat1-C average -9.5% -9.5% -8.4% -6.0% -6.7% -9.5% -9.1%

Overall average -8.7% -8.7% -71.7% -2.0% -2.2% -8.6% -8.5%

Cati-A longdress -7.2% -7.2% -8.3% -2.3% -2.2% -7.2% -8.5%

soldier -26.6% -26.6% 0.8% 5.9% 6.2% -25.4% | -16.5%

Cati-B basketballplayer -9.1% -9.1% -7.4% -1.3% 0.1% -8.8% -8.5%

dancer -9.2% -9.2% -7.0% -1.2% 1.3% -9.0% -8.2%

football -10.8% -10.8% -9.0% -1.8% -4.3% -10.9% | -10.1%

LD Cati-C levi -25.1% -25.2% -10.3% 12.4% 8.4% -24.7% | -19.9%

mitch -27.3% -27.3% -0.3% 3.6% -10.6% -27.2% | -11.8%

thomas -27.3% -27.3% -4.2% 41.5% 30.8% -27.3% | -12.8%

Cat1-A average -16.9% -16.9% -3.8% 1.8% 2.0% -16.3% | -12.5%

Cat1-B average -9.2% -9.1% -7.2% -1.2% 0.7% -8.9% -8.4%

Cat1-C average -22.6% -22.6% -6.0% 13.9% 6.1% -22.5% | -13.7%

Overall average -17.8% -17.8% -5.7% 7.1% 3.7% -17.5% | -12.0%
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Table 3. Encoding/decoding time of the proposed method compared 71N Al 7 FE 2 QlE) H A Y 58 Az
to TMMv1.0 based on texture map simulcast coding o] Z7}shol upgl WS A2 Helth
Class Al LD
Enc. Time | Dec. Time | Enc. Time | Dec. Time 4. D_”_Jlk_l —:Ac->| oA téi HlEAEEél 37[ Hlm_
Cat1-A 107% 127% 95% 122%
Cat1-B 106% 128% 102% 122% B
Cat1-C 107% 125% 88% 127% I8 57 924 9 45 WA me Al S AE B
Overall average | 107% 126% 91% 125% 718 W4 B EXAEY A7) AALHE v 7Rk W4
(byte) longdress, Al, R1 mesh bitstream size per component comparison
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Fig. 5. Mesh bitstream size per component comparison
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Fig. 6. Comparison of the original mesh and the mesh reconstructed by the simulcast decoding and the scalable decoding

325



326 W3R A28W A3, 20239 52 (JBE Vol.28, No.3, May 2023)

date] BlaLg Tgolt HAE w4 HolEHE A
Al g2gd el FAl x38s7] A= vH HolEE
T, B 2A] g, FRE A 5o
T 28 HWye] AE fagd ol
o] YTk w4 Fel A

sk WS w4 S HE] SR
&4 AHR 75, 22 (polygon)= 778t
AHg-ate] B2ke 5, w4 EHl
, B2 el A, Hl A
ol whet B aA B2 3aH1 9] w4 FHOR vPAIA
&4 AR RHY F= Sdrh T} o] 3344 449
il vle] e A oz

3aHd 370 =Al ®Rd WgATIE TS A
et 3219 24 9]

Bl

N

X
[t
i

|
r_gk

gl_:
=¥
bt
%9
Rl

T

o
_

o

(texture mapping)™ 7% o]
I e aA v 7k wjg AAE
AHE-EHe] 33+ W4
o g2 wjgs F

T
o
=
rr
i
[
Y
BB

rg
9
=
o
i)
ol
off
o
N
e
i
r
bo¥o M 2 ol

o
)
rlo
N
ol
ol
o
o

=)
LU

N

N

o,

rr

2

>,

e
o o
) ik st
[ 4 o

Nas

.,

e

o

o

o

[

2

=y
Py B
2 9,
omlm_u'
258
_a_O‘L}:Ll
_\E_&Nlﬂl
-II'E_IL“LT‘
ey
l‘ﬂ_&\'{u
‘@‘EE:O}I"
1>jmloﬁ
- w
g 2 >

£ D A A )
_—?{é
°
= F
.
i)
£
2
)
>

e

1o om
2

dle

o

Lok

‘0,

e
(i

2o = MPEGS] =3 |4
MC 7]&< 7|0 2 Bl 25 =)
A=}

2
Ny A

oy
K}
Sl
ox. e
b Me o
Y
o

r
T

V-

)
¥ fol ofn

)
ok
lo, ‘lE

S Aorslih Aletsts= W
Aste] SHVCE A3 532 33
e, MEY A 37 ol AEst sidze]

53518 F Sle S AlRkeRT: & =i
A5 o
R

2 o
— o
ox,

2 X

7

K\ = R TR PO

A = VR DR </
o
2

ol
=

o

T 7]%ke] BD-rate (Luma PSNR) A= 9] H] &0 2 ~AYU

Hey 75

A9F F 9 FAsg 9,

V-DMC®] 5331718 HAsHA &3 AEHAE o
2 H4E 5t W g AL LD 376l A Z2;
17%, -5.7% EJE 9= 7]4ke] BD-rate (Luma
PSNR) 35 @d= Bt kAN AlQbsh= Hi 2 w4

T 84 F E A frt ALY Jse Ad
H

&7) WEel % wHe] 71a JrAA 2A el

7Is& Adsts 54 4 oy 45 A5 1A

(1]

(2]

(3]

(4]

(5]

(o]

(7]

(8]

(9

[10]

# 1 2 8 (References)

J. Byeon, H. Choe. D. Sim, “MPEG G-PCC International Standard
Technology,” Broadcasting and Media Magazine, Vol.26, No.2,
pp.31-45, Apr 2021.
http://www.kibme.org/resources/journal/20220617110709684.pdf
Information technology — Coding of audio-visual objects — Part 16:
Animation Framework eXtension (AFX), ISO/IEC 14496-16, 2004.
https://www.iso.org/standard/38569.html

Information technology — Coding of audio-visual objects — Part 16:
Animation Framework eXtension (AFX) — Amendment 2:
Frame-based Animated Mesh Compression (FAMC), ISO/IEC
14496-16:2006/Amd 2, 2009.
https://www.iso.org/standard/50471.html

A. Collet, M. Chuang, P. Sweeney, D. Gillett, D. Evseev, D. Calabrese,
H. Hoppe, A. Kirk and S. Sullivan, “High-quality streamable free-
viewpoint video”, in ACM Transaction on Graphics (SIGGRAPH),
Vol.34, No.4, pp.1-13, July. 2015.

doi: https://doi.org/10.1145/2766945

Draft Requirements for Mesh Coding, ISO/IEC JTC1/SC 29/WG7,
N007, Jan. 2021.

WD 1.0 of V-DMC, ISO/IEC JTC/SC29/WG7, MDS22184, Oct.
2022.

K. Mammou, J. Kim, A. Tourapis, D. Podborski, K. Kolarov, [V-CG]
Apple’s Dynamic Mesh Coding CfP Response, ISO/IEC JTC1/SC29/
WG7 m59281, Apr. 2022.

CfP for Dynamic Mesh Coding, ISO/IEC JTC1/SC 29/WG7, N231,
Nov. 2021.

V-Mesh Test Model v1, ISO/IEC JTC/SC29/WG7, N00404, July.
2022.

J. M. Boyce. Y. Ye, J. Chen, and A. K. Ramasubramonian, “Overview
of SHVC: Scalable Extensions of the High Efficiency Video Coding
Standard”, IEEE Transactions on Circuits and Systems for Video
Technology, Vol.26, No.1, pp.20-34, July 2016.

doi: https://doi.org/10.1109/tcsvt.2015.2461951



(1]
[12]
(13]

[14]

[15]

[16]

A 9] 3% 2AQAE £H 04 9HS
SHVC-based Texture Map Coding for Scalable Dynamic Mesh Compression)

(Naseong Kwon et al.:

UVAtlas, https://github.com/microsoft/UV Atlas

Draco, https:/github.com/google/draco

G. Sullivan, J. Ohm, W. Han, and T. Wiegand, “Overview of the high
efficiency video coding (HEVC) standard,” Institute of Electrical and
Electronics Engineers (IEEE) Transactions on circuits and systems for
video technology, Vol.22, No.12, pp. 1649-1668, Dec. 2012.

doi: https://doi.org/10.1109/tcsvt.2012.2221191

B. Bross, J. Chen, S. Liu, and Y.-K. Wang, “Versatile Video Coding
(Draft 10),” JVET-S2001, July. 2020.

J. Dong, Y. He. Y. Ye, “Downsampling Filters for Anchor Generation
for Scalable Extensions of HEVC,” Tech. Rep. M24499, ISO/IEC/
JTC1/SC29/WG11 MPEG, Geneva, Switzerland, May. 2012.

G. Barroux, J. Chen, J. Boyce, Y. Ye, and M. M. Hannuksela,
JCTVC-V1007, “SHVC Test Model 11 (SHM 11) Introduction and
Encoder Description”, Feb. 2015.

oy
- 202214 23 - ARCHStW AZE0{SHE StA

- ORCID : https://orcid.

- 20224 33 ~ X : YRCHSW AFEHIS
org
le]

(17]

(18]
[19]
[20]

(21]

(22]

- FoIE0F: 3D HIOlH ¥, %* S .Z.***EiHP‘1
G-
- 20194 23 : Z20stu AFEISE StAb
- 20214 23 : Y20St AFESER MAL
) o - 20214 33 ~ S : Y20ty AFHIST LAY
. ot - ORCID : https://orcid.org/0000-0002-6165-9189
» - FLMIZ0F: 3D HIOIH ¥F, FaletE, HFEA
H & &
- 20184 28 : Z2CHStu AFHS SHA}L
- 20204 23 : Y20iStW ZAFESER MAL

- ORCID : https://orcid.org/0000-00

RES N

O

- 2020 33 ~ B : L20HStn AFEASSI} GAY
001-7947-0723
HAISRE|, HAIRIE HFEH|N

98k SHVC 79k 8124 W) 2353 w307

Information Technology — Dynamic Adaptive Streaming over HTTP
(DASH) - Part 1: Media Presentation Description and Segment
Format, ISO/IEC 23009-1, 2014.
https://www.iso.org/standard/65274.html

TMM, http://mpegx.int-evry.fi/software/MPEG/dmc/mpeg-vmesh-tm
HM, https://vcgit.hhi.fraunhofer.de/jvet/HM

Mpeg-pec-renderer,  http:/mpegx.int-evry.fi/software/ MPEG/PCC/mpeg-
pec-renderer

G. Bjontegaard, “Calculation of average PSNR differences between
RDcurves,” Tech. Rep. VCEGM33, Video Coding Experts Group
(VCEG), 2001.

Heckbert, Paul S. "Survey of texture mapping," IEEE computer
graphics and applications 6.11, pp. 56-67, 1986.

doi: https://doi.org/10.1109/mcg.1986.276672




328 WEEE =R A28d A3, 20239 52 (JBE Vol.28, No.3, May 2023)

X XA

0>

ST

- 10934 2% : AMZCHEIT FAFZET}

- 1995\ 29! - AMZICHSID FAFZSIT} !
- 19994 28 : MZCHStW MAL=stnt 3
- 19994 33 ~ 2000 A 8% : HCNHAL MANAT
- 20004 98 ~ 20024 3¥ : HIZH|M T
- 20024 43 ~ 20054 2€ : University of Washington Senior research engineer
- 20054 33 ~ §AY : AROSty AFHISY W

- ORCID : https://orcid.org/0000-0002-2794-9932

- FRAZO0L: FMASH, HaletE, AFEUA

=




