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Preface

1 Purpose

The main purpose of this technical report (TR) is to summarize the base
technologies and related standardization regarding immersive video like Metaverse
services, and to provide related issue and considerations for immersive media
industry.

An additional purpose of this TR is to provide a base material for analyzing the
technical availability for a domestic immersive video standard.

2 Summary

Chapter 5 of this TR introduces the trend for immersive media services. Section
5.1 introduces the Metaverse service which is the final evolution form for
immersive media, and section 5.2 introduces trends of the Metaverse based
immersive media service.

Chapter 6 introduces trends of development for the immersive video technologies.
Section 6.1 and 6.2 describe trends for development of AR/VR/XR technology and
LF image that can be used in immersive media services, respectively. Section 6.3
briefly introduces development of Volumetric contents.

Chapter 7 introduces the standardization of the MPEG-I Visual and ETSI ISG ARF.
Section 7.1 explains the current MPEG-I| Visual standardization activity and
prospect. Section 7.2 describes the ETS|I ISG ARF standardization trends and
prospects, focusing on 4 work items.

3 Relationship to Reference Standards
N/A
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6.1

6.1.1 AR/VR/XR i SRS

B ARCore(Google)

0
oF
ol

HH JID10M2 AR & JHY

i

0

“=20AM JHE

0

o

ulo

2302l ARCore(’17)=

=d
ADIEZQ)

SW

CZM ARE FEE

StSh
[=]

HAAHLE SE

= Al
= =

— e =
ZE=

A Jtetel

0

==
=}

JtollctE

= UCH

AR world map

A, =4
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B ARKit(Apple)

ARKit("17)2 ApplefilA SAISt AR & M2 @8t SW ZHLRAIAZA,
Apple MISO0A AR DS EE &= UA sl 222 ARCorelt OHEIIXIZ
g oAl SO J|& JIS0l Scene Geometry, human occlusion, Depth API,
0 FIIE0f 28 AR & et EciEZECZ X6t

o
oY
.I.L

0
J

0

Yal

02

5\_]_
I

s st Diss

(08 6-2) AppleAtel ARKitE &85t AR &

B AR Foundation(Unity)

FLIEIOIA IR

Magic Leap, HoloLens® SHA! J|

sSge f3d2=2

fst AR SW JHE

SE S0l ZEIZAES A

| Your Handheld AR App |

AR Foundation
com.unity.xr.arfoundation
I ARKit SDK I | ARCore SDK | | ARCore SDK | | ARKit SDK I
| iOS Device | |Android Devlce| |Androld Devloe| | iOS Device |

(08 6-3) Unity@ AR Foundation vs. ARCore, ARKit

16

Jls21

x

iPhone
SRl

g=

R

R

32l AR Foundation('19)2 ARKit, ARCore,

W
s= HIXRotW 1U=R& Unity Jlss E&ot= ofkte
R
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B Sumerian
Sumerian(‘18)2 AmazonOllAl JHESH AR SW g EsiEZo=z, T2 0lLt 30 1
iz M2 XA Q0T VR/AR & 3D & JHE0| Jisst EECRM JlEt & HMEZA,

o
2 Jlgel BEIIS S§ AIZH

Cist st st 92 A ZiZg X5t0 QUL
AJEE EFE AISSIH AN HEE(Sumerian SAE)JF AISE X &YW SEols
gHE Mool 222 RE6l], £8 Amazon Lex, Polly, AWS Lambda, AWS loT

2 Amazon DynamoDB2t 22 AWS AMHIA S A=S X & &t}

(08 6-4) AWS2 Sumerian & J|Et EHE D]

B Real World Platform

Real World Platform(‘18)2 Niantic LabsOl A JHESH A

HI&E Jl==2 Soil It &4 TIAA Sl —"S—Tar, %’—Iil,
b 0

= =

(O& 6-5) Niantic Labs®| 2IL2E ZHE
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m Spark AR(Facebook)
Spark AR(‘19)= HIOIASOHA JHgst AR 2
(Facebook, Instagram &)0l & Jts
ZO0ICt Spark AR SHIOIXI0A AR

SUE MH
I8t OIEIAES0l MIXE AR S8 22 'S

Effects Tab Stories Attribution Effect Sharing Effects Gallery

(O 6-6) Facebook? Spark AR Effect 0l

B Meta Human Creator(Epic Games)

Meta Human Creator(‘'21)2 OHIZAHL XA LS St D8t ALY HE2IAH 0

O, MY JHLXIQ AAI2H 3D 2E= JCIMO0IEHI CIXNE EHES MEst=0 & =
= 2 HE0l 4AR%5= Al2tES & AlZE 0|22 2 H=otle sA0 =10 =2 SES
SAE = JAE= Xots Ad2lg AR oA AE|Y DBt OE2HO0IE0ICH ZEH2
CIOIE HIOIAMA ME0 AISE HOIA Z2(As M. 8FotD FIECZ JHE
HEGIH 2lolEdelel AN MEOl NHAAYNH SALL 0 AFAHQ CIXNEEHO HIEO
JtsSotCh E£8t, Unreal XS AEME JIBtO 2 I&E CHeet ol AEFLO0ILE MAFS
EHES s 6l =0 MBE 20t otLlel, CrFst ojat T2 dlg2l 18JtX ME
HE40| Jtsatct

B Spatial(Spatial Systems)
Spatial SystemsOlM ZAIst AR JIgte] AAEY XN& IA2A ZMZE Q2 Spatial('19)2
A lEXle gnelE2 0lso 2 At&2l 20 OI0IXIZSE 3D OPHPEPE
AMEXS AOIOIA & HOIXI, OICI0 28I=, 3X& 24, S0IEEE

= WX FE0IH A3 20t Jtss £FHE0IC ADEE, PCe
Oculus, OHAZIZ, Nreal2l S22 &4 SHADK CHLS DDA AL

f
o

[OII
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EMETAHUMAN

(02 6-8) Spatial Systems2 &2 3|o| ZHE
6.1.2 AR/VR/XR CIHIOIA

B Oculus Quest2(Facebook)

Oculus Quest2('20)2 HIOIAS X3 AFQL OculusAtOlAl &A1 XR CIBIOIAZ A, XHA

&d& 0S % AP(Qualcomm Snapdragon XR2)E M, 22 PCLt 22&8101 MHMECZ

VR J2HI=o| Ad L ZHO0IJt Jitset =8& VR JIJI0ICH. Oculus Insight-out

trackingS S¢gt 60oF S&8 =8 H&, R4 UEHAIE St A8 K& & 6=

A0l 245101, BHolY S0| M&EC0 IHEEACH J1I] HEH 404 It0HI2E E Mo
Ol Al ] 10

| 2
T &3 ? HF, HAAR JIs2 Sofl 2= && =010| ISt

T
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(0% 6-9) Oculus Quest?2 XR Headset

B Hololens 2(Microsoft)
Hololens 2('20)= OIOIAZ2AZEAMUHA ZAIS AR/MR CIBIOIAZ A, RHMECZ
10 OSE E Mot ADIEEOQILF PC HZ 210l MR 2H=E H3& = U= JIY
M, JIE CHEl 281 Ol& E=2 Alok22 &

st X&Z XNASHCH =ZY SHAER AT A8 Y

= _
SHANRLH, SR AzureE Soff 221822 F8eE HPUSS RS0

o

o oY > M 1
30 mo mo X 4o

(O 6-10) Microsoft Hololens 2
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B AR Glass(Apple)

AR Glass(‘22 &)= 0

D2 SgHiz2 daEMH, S
2

IS ItNiet AHE 0] "S2t

HE0MA 223 S8t SAl HEQ AR/MR CIHIOIAZ A, AX=
2 8K CIAZdI0I2t AR/VR 2HIZE XN&E HE2=2, 15012
2F

QUL Jle” 58 H8¢ A2=2 &=l

(0% 6-11) Apple AR Glass H&E

B KAT Walk C(KAT VR)

KAT Walk C(‘20)= KAT VROIAM ZAISt VR Treadmil (VRE AtZdt= HEY &
Ol dAsHH MEotll ?lgt HHIZA, 360 M=z 2|, MAtel HIIU §

22 st 2HYs FE) MEL=, E=8 VR Treadmil MEE XI&SHC VIVE,
Oculus, PIMAX, PS VRE 2= =& HMD S &0l Jt=0tCt.

(08 6-12) KAT VRS KAT Walk C
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B Cybershoes(Cybershoes Inc)

Cybershoes(‘19)= A ELZ|OF AEIEY AIOIHAZIE st VR Al MBS =Z, Lt
sclHe =28t el VR |2 ZUIOICH Sh=8t CIAtele] Alg Bt 220 0FE
AIIDI fe AEHOZ ALHEMH, MY OHEHN HXE SHE Soil 0I=2Xe ol &
Flg S0l S0 Oet HY W 0SS E HASHCH WRo EME SN E
Soff ZHE0| st HSOZ 0| 2HUS MEot), Z-AHLE L FX S5 IHHO
Jtsottt

EASY SETUP
360 DEGREES

(O 6-13) Cybershoes

B Ekto One(EKTO VR)
Ekto One(20)2 I=H12 AEIEHQI EKTO VRAIOIAl JHESH VR M HEC=Z, dH
EBAERE HEDJAD, sz &scts Bdlolalt €el AHOESR &2 HS0ICH
= YO 3NMot=E Higol LHEE /™ CIAIE Soll ZeE 214

(@) o

G 2oz ZoJls s RO CelE FIZ2 EAHM dA/=8 59

(0% 6-14) EKTO One
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6.2 LF(Light Field) &€& Jl=

2N UM 4SS NEEg = A= JI==2= Light Field 21=01 J20, 0IE OICIOH0
=0t gt LF & Jls JH20l sUAEez 2ol LD AL =2 BlAMsE
LF & AMHIA0N 228 85, sS4 & W JI=2l e S0l ol AHZ 0K StC

2 rHS0| OI0IKI A &2 M2 TOE
D light fieldE &=&0ot0d 20 EHO IHZ & SHEH2 OI0IKE

M=dotH ot AlE AXUA Sots Helol =E0I Y=

0 2 I
x
]
[m)
il

[
gb
[0 0

2 2w
o
o
-

e

T
m
4

ne

B Lytro light field camera

01=2 Lytro= 2012E0 LB AISXS0| &0 =2 OY = As 32 &
m =

Sol, llum& &< 40Mpixel MAE AIEolH HH2 2 otE 2HE o8 F=2
ot AHEM WE & PC 2ZERN BHUHAMNZ &dol IHAERUCH Dl 32 2
gdS ol ERE MctE AMB0IEs =1E EXd0E6HH =) 881, 28 = =8
LTES ol MM SHES I 5ldoli0F otE 2, E8 X0 U= AMELNUAHE HHEE
= UCt= stADE AUTE 2018H01 Lytro= P = SZotA 20, OI0 Tt M= &7
NSS0l &R =0

Lt Fiadd Ergines 1.5

(0% 6-15) LytroOIA =AI8t 1HICH/2HITH light field camera

B Raytrix
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229 A0 XF ZHEGHH AN UL, O0 et SUE0
60oF A2 &0t N@T = 22t2 2J10t i A06tC= SHHE JHRICH

B Lytro Immerge

Ol=2l Lytro= 2017201 9500 JtBIctE BEM XM 2X SEiZ St ZE|
Jtoliet AIAEI 012 EE6IH 2FE 6DoF AUARS XA VR 2E=Q! ‘Hallelujah'E
SHotACH &X JthictE 2AXAIIIH 500 el et o= &Ss Aol JIctEE
=3= Soff S&& 3D #XE 00 =20 d&P BU= ddote A2, SAl EE
S Z2 d4d= 0l6E0D] fet 28 S2F &8 M L= FIHE A& 2501 Jtol
A= e, s2 =2 JtHctE d2AZ S4AI21 R HlU¥S M, dUHEez LY
St light fieldE &Sg = UL

(O 6-17) Lytro Immerge S0t

B Google light field 202t
0l=2 Google2 SIGGRAPH 201801I d=s I™ AHOIXN E=sH JHHUHE &0t

dXl= ZB2H0ll CHEt light field &Sotes AMAE & 0|2 Soff 858 ZEH=2 g5 &

g Y2 2HOIUCH Light field &S AAEES &F 70cmel =& 28 ASE (et
1602 GoPro JthiictE HHEst 7, 8= AHOIXZ JtHctSS SIEAIH 2o 2tA
©Z AH 0|0IXE ES58 &+ JAEE FEIJALL /AT YsioZ2EsE 2522 JHH2HES)
=2eer 2XNE ZEE = U=, JthetSe IS HRIH el B 35 gaez
SEAIINH R RLUSE 2t2A30] AlE 0|0IKS2 &50| Jtsollh HE AMEQ |
A== 2704 x 20280104, 8 Z2H0 CHoll 16 x 7291 A& OIOIXIE &S5l &R
Z 6Giga W& ~F2| HOIEHE ESotH &0 E2 =2 A& OI0IXNE HtE2Z i1
2 SHUM BHAF S2 AR CZ THEE £ USE BEJA2U, SI4 EH0| 20t
otCh= SHAHIDE UARULCEH

25 FBMF-TR-009



Js210A

Ol A Google2 SIGGRAPH Asia 201901l light field s34& 292 <&t Jtllet =S
LHOIALH A 92cmel Ot3E Bt HHU 46002 4K & JHHICHE HHE S 422
1/2 2l OlLhel =213t EEJ‘G% JHX= OAE s34S &S5 Jbsotth. MItel It
ctE AIE8 ZZ2EEY +F2 2XZA0I22 HuE M2 HEgeg 50| JtsotL,
Jtiiet KHMlel Hs8tAHZ 2ol NSFEe =24 s &Sse == gt 0] Jtiet =+
ME &80t &sst ZHI == SIGGRAPH 20200 ZHEE layered mesh J18F OI0{AIE
light field HICI2 A& A0 S AUCH

B Facebook 6DoF VR Jt0ilct

0l=2l Facebook2 20174E0l 2&2 Mct

HO
wW
(@)
o
W
=
o
i
=3
= [
Ql
@
a
o
of
>
N
~

A2 2402 FLIRAF tHI2tE CIH M HEHZ Bigst &2& 10 ¢
Facebook2 0| JHHIEP sl=¢et ZH=E &Z8t 6DoF VR OE2 &

>-|

(O 6-19) Lytro Immerge 302t
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o LF YA 253 g (ex. |-frame DE S) ¥ PX, I4I|& Lo
o LF E& MY HHEE 8t CON(Content Delivery Network)OlAISl I+ &, 2EEX
2 M= O2t0lIE &%
o LF HAI dS XA XASIE St M5 Z2ES = AELY HAHUS
o |LF YA S AEE HHIHE, C2Y 2 SH2
B SE MHAY ®5 XA
(ja' 6-21)2 ol2&= &L XU 2 MHIA RS UEHACH LEHEQl ChBtsE A
BIAJE OtLl AFEXE CIESHEO0] EEgE As MUIASl B 5x~1x A0Sl MXIAH
(low latency) Z=210] ZR05t0, AAIZH JIZH SIHX=E HIO2 2Al S92 AMHIAE
A= 1= 0OloHUltra low latency), 2t& & AAI2H0] RFE = atgol & HEY S22
0.2% 0lotel =X XA (Real-time Iatency) 220 FECH O L0 AF= XSl ol A
= ﬂiéé BFYEGIH AHIASBHD| I8t 22& 0ICI0=E &4 ms 0l3t=2, Hel XIH0|
= ™E0| JbsoloF stih
Low Latency Streaming
ey . P Otine et i
gy '2tcncy for HO. Hammiont
60+ 45 30 18
(08 6-21) &5 XS0 M2 HMUHA |F
Z2l0IHENAMS XA =AT

t
ENAME XIAE SIAIle 4= IAH MEXIL THES AES =, of
XA (Initial delay)dt A & CIEHAN 2
T= NHEEZE S2 Ptgst 2IHHE (Rebuffering) 0l 28t XIgiez Us =+
|2 oHZEoH)| fldideE MHZRH d&sde AOBHE(RIA O2EY XNR)
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Initial Delay _: i Stalling
Period : Period :
Player | start Buffering Playing Buffering Playing
Status
> A A 7 | 7 7 3 >
Event ) )
Video Video Buffering Video Resume Video
Request Start Start Stop
(08 6-22) SSO0IHENA XH 24
6.2.22 LF & && Dz A7 JHY S&
m 10G 20l JIgt LF g& AECY

OICI0i(ex. Volumetric & LF

IDEA(Immersive Digital Experiences Alliance)= =&
ot A4S 29 Jisst AIEHHOoIA & ME/MS e

gael B 2 Mys

II0H=
[ =2

4 A=

olJl S8t Hlgel At HEIoZ, LF FAaS Al 382 H3at)| fst
“Streaming a LF over a 10G!) Cable Network” 2l 2020¥ 108 SCTE HOlE D=
B2t A ZESISCH 10G HOIE UERT JIete 2218 VoD AHIA Jts&E2 HAl
OlUOM, MH-Z2CI0IHE DIt AIZXF QX 0l L= CIHaEN [HE aA 22F
OICI XY MHE Jisds M2
Cablelabs Charter COX
4 ||=
GRIDRASTER LIGHT FIELD LAB.
pluto @ isby
oloy
(O 6-23) IEDA members
LF QA2 UOAIXIZE 0|26t AXMZ=E0E OfLiet AFZXIS A2 AIEOISH HE
HZ/ZR/2AF IMMANE L JIH 82 N2 M X4&Z AMHIAE MBI <8
otLtel DICIO SEHZ QIAI=IC oFKISH A2 HES HZo)| foides gz dol
Ot QPEN et ES-528-THEW OIZ2J|MHK HZot)| st s 26 e
L AMHIA EHS0 QRS (O 6-24)= LF g4 &S AAE”, LF 94 M2 E
st KA ZEE AIAY AIZ2A X = MAMI|EH LF 4 2elE A, dsE
LF g4t 29 2 AtEX ofHsHA HE d5S st Sel0|YE, 3XE A2 g4a WS
= 28t 45A1E 3D CIAEY0IZ2 PHETE=E MHIA ESHE 2XE LIEIHCE.

1) 10G: AHIX +=QEC0H Crkst &X L UIERKT A58 LHARCEN ME2 S2E UXE Y Az MZ0

tset IP B33
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CI2E 0|& =2t Buffering re—ordering Al2t2 ZIASEOZMN HMESZ 0ICIN
Jletol A XA Al2FS ZIASHSHCH.
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B MPEG-DASHE 0|8t tHatd LF G4 AECY &40 AIAE
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7 =29¢€ HUL E=3 &

7.1 MPEG-I| Visual &3t

tot= HHZ2 gl e

1 VR(Virtual Reality), AR

HICIQ, QLI 22 ZEIDICI HI0IES &= D
MPEG(Moving Picture Experts Group)liA= ‘164

>
o
ke
MHA
fol

o
Y
il
m

(Augmented Reality), CHAIE HICI2(Multiview Video) S S& DICIX(Immersive Media) 2
HEIIFE Z2HUII 2o MPEG-I(Immersive) Z2REE X& FO|CH 2 ZZHEQ S
H= & HA T 21 AR0[220 @IPAMNSY & JI==2 8tHotd = 6 ARE=E X3
ot =2E 0ICIHe AMHIAN AMsS2 = Ues IO, UL E AIAE & J|I=2
Hedt= 2 0ICt.
MPEG Atotel =& = 5tU2l MPEG Video CodingllAd=E 2 & DICINS SHA A0
S S AlXHmotion parallax)& XI&ols 2otoz 20 AEE 28 JIAAE &4
(virtual view synthesis) Jl=S DAMCOH, (O 7-1)1 22 Y&SHs Jgtoz 2H
=3 &Hs '19¢ 32 EH “MPEG Immersive Video(MIV)"2l= 0192 &I&6H LY.
MIV =359 22 HEVC(High Efficiency Video Coding) S1t &2 JI&9 2D &¢
Al = D=2 OUZE AI20IHA el Mol e A (texture) & 20/ (depthmap)2 2
A= OAIE 942 HOIHY =HUA zAGolHA e S22 zUstot)] fst &
Xel, Execl Jde2l HEHHIOIE JI=0ICh 280lMsE 218 480 E=2 D0IRel A
Ol FDIS(Final Draft International Standard)0fl OI& MIV 1.0 E=2| Jl=0 CHoll A AISI
A0tE D, 2243 6ERH AEE ALz WAGt=E MIV HE 2.02 &S SskEM- 0 2ol
& HSHCY.
Large Yolume of Limited number of
VIEWS
(Texture + Depth) streams
]
HEVC HEVC View position
’ Encoder ' decoder l
——— Pre- Post-
processing : : : processing
(remapping) HEVC , HEVC (Synthesizer)
Encoder ' decoder
. >ynicv‘
——*IMetadata }-—"—-I Metadata l—-—-—-—» viewport

3DoF+: 3DoF with additional
limited translational movements
(typically, head movements)
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7.1.1 HAE 22

MPEG UWOIA HIAE 2 (Test Model)Olgh HE =
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OH, HE=I =HAF82=2 AAE 199 380 HA = = 214 108 &

DX THERSH Chekst Jl=S BHEGHH HE 11 &EHOICH TMIV 2AZENHE F4ddts ™o

Jl=d Q40 2o £8ct)| & S8 MV E&E JI=0l HE A2 OAIE a9
et diolg&ds =0l= UL O

KOl CHoll 2tefol &S 0At StCt. 8N
= ( )
20| == OIOIEIt EMHE =50l UCh Olefdst S48 16t (

i
ANEUAME 20l & FEE "HXl(patch)’ct= £28 G4 M2 ==&HCH 12
(A8 7-2) 2EMY A AIBUAN =58 G2 IHXIE “OtSctA(atlas)’ele F&t
A d

Z e (0lah IHZ(packing))8tCt. OIZ Xl Ci==2 AlE GasS M A2 =9 OtSct
MAdS2eM OOIEHES 2J82=z =210 SA0 Ol8FH OICIH AMBIAM &
AEoE JI1ES sS4 DE(HEVC, WC 8) ¥ HE(DASH2) JIsltE 801 &%
et oIt

View representations Pruning & patch selection Atlases

[ Pachz_ __ 1
g | Patch 5
i
' i Patch 5
1 i
i i

1 1
Viewd lemmmem

Patch 8
)
RN
— = |Texture #0
|Depth #0

Fatch3
: 1 Pawch7

11 “Patch 3 | L
View2 TT 7 | Texture #1
FatEhy Depth #1
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o

<
m

(O 7-2) IHXl & OtSctA HES & vV E& g
T™MIV HIAE 22 3H “TMIV £3Z&II(TMIV Encoder)”2t “TMIV =
Decoder)"2 FAZ0 UCH OICIH MHIA FFE20 HIRSHH TMIV 2538HJI= Al
EX0AH S&e OOoIHE = = SHOIN, THAIE &= Jtsolte O

= HEHOIHE ddst ==, TV S e HE0l digote TMIV S338t)l=
OtSctAet HEHIOIHE =45t AIEXIIE B= A (0Iot REE(viewport))0ll CHE5t=
= 4ot & etlh.

ren

r

02
0z N

2) DASH: Dynamic Adaptive Streaming over HTTP
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MIV 2531

T™MIV 233819 fd&= (A8 7-3) 22

[}

H, 25 & olUQ! “Encode groups” 2
(=]

E2 (08 7-4)2 20l O M22 = AU 2 HUHd=s TMIV 23310t LEgiez
CHAIE Satit AlE fIX, 2t S2l it B 28 20t =& 25 2100 otsScetA
a0 HEHHIOIHZ *&E StLS "MIV  HIEAEE(Bitstream)’'S M &ot= WA
2ol &Fettt

Fan N . N
Source views Assess Split Synthesize Label
geometry source in inpainted views SEl messages
S e ) ot 28 |
]
Geometry component
4 M —-| Parameter set I—.f = t
Attribute components ; old
—>| View parameters list “—. B(\'/taitfealm
. sampie
Entity map (opt) _.| stream wwrhpM\V
Atlas data “— extensions)
Encode _
Color code groups ™ Geometry
; Encode
Prepare source material (Figure 2) > video data N
(raw) Pack video sub
Per-group encoding = frame (opt) bitstreams
D Bitstream formatting Attrlbute (HM / VVenC)
| video data
D Video processing and encoding (raw)
N~
Occupancy
—* video data Multiplex
(raw)

Bitstream
(one file)

(0% 7-3) TMIV B&31)] 4T

P Vi ram i
Source views [ Vew porameters ot |

{relected for this grows) ———[.
) Parameter set |
View parameters P | L |
{incd. basic/adbtionsl lsbel)
el basic/ tonsl lsbel) Automa‘ic co'or Sepamte
—| parameter —{ correction —{ inentit
selection {opt.) ] layers (opt)
— Single-group Encoder
- e Aggregate Cluster
g pruning active
pixels :
L ) masks pixels
,( :
¥
4 h \
Coloe code Split Pack } Patch attr.
¢ average value Atlas data
| Prepare source material C|u$ters patches ‘ : |
\ J modification
| Pruning processes o J/ 2 | ;
r\ Atlas processes 4
E Vi fGenerate ]
o0 Processes
: Gides Quantize | Scale Ggﬂm;’!fv
—* video data
data | geometry ' geometry i
Attribute
video data
Iraee)
Scale Occupancy
occupancy video data
fopt) {raw)

(08 7-4) “Encoder group” 28 PAEE

B Assess Geometry Quality
2 N “Assess geometry quality” DtA

ot = =
et E Ns2z "otetth, 2 HEe =82 20/ye S ZFH TMIV 223
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Jl=E10A

2 TMIV =332 22 Xl HES JIHEELZ =aigh)| /E0ICh & Bl 22
FEE JIECZ 2 AB2 2A0¥S U2 NEBL AX=Z FH(projection)dt], & AIES
2t EXle G90lM €2 ?X0 tSots TS 20l gt X0l2 &0l E8 ==&t
Ol40l = BRIt &Mot= AIE0I & JHct: EMHotE e 2 == H3E22 #F=EU
Ol AFERl=E 2882 AISIDE S22 28 = U2, JlE8tel B2, Al HIAE
ZE== NSEZ CG HAE 2H== U522 HEHol=S 2850 UL

B Split Source in Groups

“Split source in groups” HEE 0 M2 2 AIEES /XS 2L FEE Jge=2
Ol JHel Ogez &AXX &£H L=l 2 Bde 52 (08 7-3)1 &2 otsetA
M BHH("Single-group Encoder’)2 1&gz SEHOZ MEOZMN OtStA 2+2
S22 SIEH2 Q00 S3 IY90 UiSscte SAa42 Mg M LE OtE2tA I otdl
LSt d20r deiNoz JIHQe “S20A ol &Z(spatial random access)” MBIAE
X232 |golt

B Label Views
“Label views” WA2 = AIES JI2Al&(basic view)t £ IHAIE (additional view)
le)

S ERZ2 YXX YA UECh 2 BHO SHS OSAAS ILE O (2 7-5%

20| 3RS FME QHE RN JIZAEY Z2Y IS Sii 52 IBE AAHE

0I% of2f JHel MXIZ Ltz SIAIBES F= A0ICH JIZAE0 ZRF 0Rs 2F
! =1

=& M &8s 280

o w

(08 7-5) OlSctA W JI2AIE & 2IAE S
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Project all pixels of all basic views to each

additional view.
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Create the pruning mask for each additional view
Select the additional view with maximum number

of preserved pixels (to prefer larger patches).
Insert selected additional views into the pruning

graph
Update the pruning mask for each remaining

additional view.

Project all preserved pixels of selected view to
Goto3.

remaining additional views.

1.
2.
3.
4
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fo] [af—{u]
. v2 is pruned by v0, v1 and v3.
e  védispruned by v5, v7 and v8.

3 vi > e v6ispruned by v5, v7, v8 and v4.

(0% 7-7) Z2< 2HAH 0Al

? WES Sofl IAECZ =5 L 0155 JIEE ©HEE 0/F, (28 7-8) &2 “2%
T 24 (Second pass pruning)” MBS Soll =Y 0AIAE £=FsHCh ‘A MsY
(least square method)’8 Soll A& F& 2t MAX MA XI0|E W Fote otLES
“MEAl(fitting function)”2 HAGHLD, S A MA 0| 0] A2 Sof GI=6H MA
AHUA L& 2E o2 YU Y stae HAZS S=0UA 015522 HYSH.
2 A9 2X2 AIE 2H0l 20| 2t2 KAlotLE, A2 X¥ S0l 2o SAH AL}
Gt "8 E2=0610| 280lCH
1 pass ! 2% pass

| — ~
| { Global
Pruning { 3 Restoration
! \ 3 matching
! N ——

pixels to be removed(empty pixels) Pixels warped from parent Onginal pixels

View to be pruned Pruned mask | Pruned mask Color differences

iteratively reweighted least square(IRLS)
iteration

- Finding optimal weight values

ixels to be removed
P ~ pixels to be preserved

:LJ

0 JA

28 085 34z Fda S99 e
= A
=

=
OtX|2te 2 3x3 3|9 “&lAl(erosion)” & “&t

B Aggregate Pruning Mask

“Aggregate pruning mask” WES RIAELEZ (A 7-1)0 22 “OR” AAMXE Sl
T ¢l OtAT a2 “2Eet =Dl(intraperiod)”2t= J12F &2 SHGH0 StLES)
‘& DtAZ(aggregated mask)"E MASHCH (O 7-9)= 2 HEES AIZ3st 2400,
HE S0 A& ZH 222 & 90| 2HUo=Z Qg HE FAHAEE & = UL
CIEZt FIl& TMIV AIEXIDE EFole gz, 8llle HEVC 2E9 I &AFl 328
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AZSHCH OlE€H OA3E S&ole 0lg8s XIS 22 EXH (12188 Z2H |AI6HH
X9 B GEICO0EE Zale B0 ofd oISe) )| B2 M50l M 0]
EIOrS FASIED SA0 OIS LOIA HXIS XS A2 202 2 SN0
TEel 20 YBAES FOI O1S2AAS AZES E0II| HBOICH

aggregatedMask [i)/@current frame (& 7-1)

=max(Mask[i]@current frame, aggregatedMaskli]@previous frame)
AggregatedMask @ frame i AggregatedMask @ frame i + k
=
(O 7-9) ZT=24Y 0tA3T ga =& WA OlAl
m Cluster Active Pixels
“Cluster active pixel” &S 2IIAMEEZ “Aggregate pruning mask” A& S Soll M
HE & 0tATUA “BHAEHE MHSHCH 2HAHE S YA, Al HI2A)o
Z 0|&t 30l 12 K5 A5 HZGIH (O 7-10)2F 20| 2tE a9 HES 20|
SHCHOE AWA CIE MA2 02 Z2HAHE 20/). Ol 4o HEjE JtE 23 A
HE ZM= HAIZHE HOolW 8= 342 20l 02 228 dAx2 A XIS D
=2 #XE ZHeCh MAZEe Bl =0l= 16 £= 322 ti=Jt Y &% ot=dl, Ol
= HEVC ZE DJ|=2 ‘|22 1ol &= WM gMel=s 38 =4S =4 6]
P &H0| C}.
(28 7-10) 22 0Al
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B Patch Attribute Average Value Modification
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B Generate Video Data
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stAaZ HESHH JIZ2AIES 39 |28 stA g0l 801 =20 28 2 & 00t
=0 £A 2HI=Z= CG 2= HluWlS M 20Ol FHEGEZ 20| gte HIE
= S0 did SE Zaot Hi 2dsttt. Olddet Sd= 1Ddoted 20l 8tel BIE
= ZF Oolggds 20110 UC

®

Source view - geometry |:> Atlas O - geometry
d'lnear / d'lnear
d-lfar dear

0 65535 T=0 N-1

Level 0

| region .

Source view - geometry Atlas 0 - geometry
i :J] : R T
d 1near d 1near /
/ d-lfar 1
d-lfar

0 65535 02T N-1

(08 7-15) SIAIE2 20| B2 253 &Y

B Geometry Downscaling

“Geometry downscaling” &2 HO0IHY ZASE ol 20/ OtE2tAS AJIE X

HIZ0t2 A0 20| A2 8 I
A

A
ool TIIZ SARUS [ 4HHCE I 40| &
(

g LMStCH TMIV 23380l sS4
A0 2x2 AJ|2 “xIH E(max pooling)” ZHE AME86t0 Y SEOH =28
&dF Mo FEE IZUE BEGES U =¥ BEUH UolM= 7.1.1.2F<
“Geometry scaling” 220lM &Y8tC}.
B Frame Packing
“Frame packing” &2 (8 7-16)10 20l O JHel €AY L A0|W OIECHAE
OtSctA HHR2 ZEotH O 2 3012 OtEXAZ Bl = HE2 OtEctAE 2Rt
2 =sstg F2 Ydol=s Zdig 2t HISI] 2HE oiZotd FEst dd HYgsS
bl otll, =380l 2Rst =53] W+ Zetez =0l= AOIC TMIV 23&|=
(08 7-16)0t 20| 2 OlE2tAE WCE 2S53told MAHs 02l Jiel HIEAEE
(bitstream)& “Sub-picture merging software’cte E&2| AZEQNHE Soll otLIS

=
—
HEAEECOZ Egolse Az I WS et
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2 IHZ & OtSetA OlAl

(28 7-16)
Format
% Bitstream
(V3C sample stream with MIV extensions)
packing parameters
(json)
Color code
~
D Bitstream formatting
{ WwWC D Video encoding
VVC encoded Attribute bitstream 1 D Packing parameters
Video Data

(1 subpicture per picture)

k—/ VVC bitstream Multi plex
Packing using V3C multiplexing to
R SubpicMergeApp V3C_PVD units
VVC encoded Geometry
Video Data
(1 subpicture per picture) ) vvC
bitstream 2 Bitstream

(one file)

(O 7-17) =Y WM ¥

B Encode Video Sub-bitstreams
OlE2tAE HIOR REo2 A=5t0 o9 HIEAEZ (sub-bitstream)ES MAS
OICH. TMIV B3l 8N HEVCS2 VWC D=8t AIEdtD U2 L, OtEctA I 2D H]

Cl2 SEHOl 12 & Jlz 0120 OH2 2 Jl= T8t H88 £ UCH

B Multiplex

TMIV 233018 ?4ote 0tAY AR “Multiplex”= OtEctA 28 6t9l HIEAEE D

HIEHHIOIHE (O 7-18)1 &2 “V3C(Visual Volumetric Video—based Coding)” EZ2|

2X2 HIXIGHH = E2 MIV BIEAEY S MHSHCEH V3C EE2 OtSctAQF TR HES
HHE &=ot= V-PCC EEI MIV &2 J|=2

M%é}m ZLOIE ZetE(point cloud)
b
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V3C sample stream ( V3C parameter set Atlas data [ Atlas sub bitstream ( Atlas sequence Common atlas
sample stream Unit type V3C_VPS Unit type V3C_AD para['r':lr:':'e\:;:tllll:s"S) Sequ:ef;':(ecg:':s';'ete"
V3C header V3C parameter set Atlas ID S SRR
sample stream VPS parameters... Atlas sub bitstream |—< Sa";f:{i Z:iam m‘

V3C unit

: [ vPs MIV extension | NAL unit AAPS MIV ext.
V3C unit =< Ci Atlas data Atlas frame parameter Volumetric usability
Information (VUI)
Unit type V3C_CAD sample stream set (AFPS)

sample stream ) [oniy V3C_AD]
V3C unit Geometry video data VPS ID NAL unit C Atlas Frame

. = NAL unit
[ unittype vac_avp | [_Atias subbitstream |"L ’ il | [only S.’:: cAD]

VPS ID Atlas ID ,—A : AFPS MIV ext. - -
|—| |—| Attribute video data b View params. list
Aux. video flag ‘ Unit type V3C_AVD | NAL unit +updates
Atlas tile layer (ATL) Frame order count

Video sub bitstream i
o I—I [ VPS ID ” Atlas ID -‘ | Unit type | [only V3C_AD]
[ Videosubbitstream || | [ Layerd ] Patch data unit Supplemental
[_temporatip | || | |[_ MV extension | a5t

[ Unittypevac_pvp | Unit type V3C_OVD |

[
V3C unit [ vesio ][ atasio |||[ vesib || atasip |
: |

| Video sub bitstream | Video sub bitstream |

V3Cunit stream
Packed Video data Occupancy video data —< Patch data unit SEl messages
cun e

-

(O8 7-18) MIV HIEAEY X

7.1.1.2 TMIV 2538
™IV =23sl= T
SEEN Hsots Hals MeEst

Jlel &0 2o et

i

=0 N ESPARS]

N ZSE OfSctA &t HIEHCIONE
Ct }

= BllMd= (O 7-19)2 HIE2=2 TMIV =

fol
tol

Viewport
- l parameters
Decoded access unit
{all conformance points)
Parameter sets Rendering Geometry
(VPS, AAPS) scaling
= Fomm
5 . 7 (opt)
View parameters list Entlty Patch
. < T Ty
(AAPS) filtering culling Depth Color code
Per atlas fopt] value D Filter out blocks
Atlas parameter sets decoding D Core processes
(ASPS, AFFS, SEI) N fept) S o
o Pruned / B [:] Filter viewport
3 ccupancy .
‘ Patch parameter list ‘ reconstruction view Depth D Geometry processes
(AL, FOC) reconstruction estimation
- 4
| Block to patch map ‘ \_|—/ lopt)
i@ N Fi s
Geometry video data Viewing
View _ )
| Attribute video data “ synthesis lip=intiog L
handling
Oceupancy video data _ R

Qg 7-19) TMIV 5310 2=

B Patching Culling
“Patch Culling” &2 BILE9

S I E 2 HEE BHAGIH TN SE 28 WX
Jd2E HMetth =8 2 Hd2 =52 AHdEgs 20 dE AlZds =@=ot)| A0l
XIS Ul 2ZAHcIE 2l & 20 20l &= 0180t REEZ FHE 017 =& 9
M0 Ot 28 HRE ZZEH0. Z2EE WIS HA=2 OfEXdA0A R HAZ

HAIE LD 8Ed Al 2AI=C
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B Occupancy Reconstruction
20| OlEctAN YHICIE TEX, 22 MSCEX
M2 X = (occupancy map)= XESEHOZ OlEctAL =

R XSO JIStEE0 YHICIE A2 O, BRANEe=
JI5tgtE depthOccMapThreshold®t Hlwat Z & &I Ct.
A RN E=E 022 MEXHD 2 32 12 MEEh
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B Geometry Scaling
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(08 7-20) JISHEE AAHLEY WA

B Pruned View Reconstruction
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B View Synthesis and Inpainting
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MECo AE HAOR NSRS LSCHH, O/FNKS e

2 oA FoXHA x|
ENLEE AIEDR BHEoiM SEE L
o O WA pIb e 8 XAAILE AIEEAC unpruned HAZ MES=CHH, weight=
BIoHAl 20 Z2Y THZ A0M weight EME SCEHEIC

View #A

(weight W,) Pixel p

(weight W,)

Reprojection Pruned
i . Regjon Not Pruned
\ Region
View #B ! View #C
(weight W) Pruning (weight W)
Relation “\‘
View #D
W, = W, +W +Wp, (weight W)
(08 7-23) Z2d JHEE 8§ Weight 2 UIH
7.1.2 CTC(Common Test Condition)
CTC& “Common Test Condition”2l &%=z HH F=HOHl Uol E=stE MNSHE [ 4
JIGUHA HMCHSH CHASE D=2l ds2 3806l "Hilol EELZ0 Bt 8 E Z A6
ol Aelet AE A HIF J|I=S Q0IetC 2 HUAE MIV E=0 A7 =S
Moteh 32 A= L3S0 Zst 2 MHZ2 ol =00t o= A8 20 1 Z2IE
e WAEsS Sol Eolot=Xlol ol & sttt
71.2.1 HAE 2= B
Mot D=2 HON HAE 2REI=x= Z4M0|H, &M MV EZS0HAM=E & M 9
CIAIE EEe 2EHE=E A0l UCH 2 2EI== CfTM 2A0 JIHE 2P A0
ek AlEY 8lAY Ha, AEYE 2018 I4&, Jtne W/ Hax F2IF LEE
JSON(JavaScript Object Notation) D= IAEZN JCH (O 7-24)2b &2
CG(Computer Graphics) 2EI == 229 Jtal JtH2tE Solf ESst 2EI=0|0H, R
HAst XY 22t FE2 A= A= 2A0/W(GTD: Ground Truth Depthmap)s M2
StCH BHH (02 7-25)2 22 AlAL 2HI=xE= 2249 S2|& It A= Itolet
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Jl=E10A

HiZEZ &S8 AAI GA0IMH, 20|12 0|8EE MPEG-I Visual OS0HA 20l ==0
A26HE2 DERS(Depth Estimation Reference Software) L= [IVDE(Immersive Video

== &l BRHE HIE
gicIEs Sol SAKN o Jtollet B 20 Jletet 20l 25 FEoh| W20

—

Depth Estimation) AZE/JIHE Soll ==oIULH. 22 CG 2

= (= ’
O HE2 XL SOtUlobHl EMEL CTC 2A UWils ZdYs, 3o 2%, did:
S 2 ZE=0 et 20t &Alsl JI=E0 A20, 0 otHE <H 7-1> & <H

ClassroomVideo Hijack

Painter

(08 7-25) AAF 2HIX SEY
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<HE 7-1> CG 2H=x 32 %
Classroom Museum Hijack Kitchen Chess Fan Group
Video
oM HS m42944 m42349 m42349 m43318 mb0787 mb4732 m54731
ID A B C J N (@] R
oy = 120 300 300 90 300 97 99
Do dE 30 30 30 30 30 30 30
ANE = 15 24 10 25 10 15 21
BIAX YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0
Iod 10bit 10bit 10bit 10bit 10bit 10bit 10bit
20| YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0 | YUV 4:2:0
IIoH 16bit 16Dbit 16bit 10bit 16Dbit 16bit 16Dbit
Hase 4096 x 2048 x 4096 X 1920 % 2048x 2048x 2048x
(OI2xH=2) 2048 2048 4096 1080 2048 2048 2048
a2t o o o o o o 0 o 180°x 180 0 o o o
Or2xM2) 360°%x180° | 180°x180° | 180°%x180 53°x31 . 50°x 38 75°%x48
g9 84l ERP Half-ERP Half-ERP | Rectilinear | Half-ERP | Rectilinear | Rectilinear
<H 7-2> &AI BEH=x 38 <%
Painter Frog Fencing Carpark Hall Street
=M 8BS m47445 m47445 m38247 m51598 m51598 m51598
ID NC - D NC - E NC - L NC - P NC - T NC - U
oy = 300 300 300 250 250 250
oy 30 30 25 25 25 25
ANE = 16 15 10 9 9 9
BIAY T YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0
o 10bit 10bit 10bit 10bit 10bit 10bit
200/9y Zg YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0 YUV 4:2:0
=YiE =4 16bit 16bit 16bit 16bit 16bit 16bit
ol & 2048 % 1920 % 1920 % 1920 % 1920 % 1920 %
(OIZxAMI=2) 1088 1080 1080 1088 1088 1088
o2t o 0 0 0 0 0 0 0 0 0 0 o
PEE) 46°%x25 63.6°%38.5 63°x48 63°%x48 63°%x48 63°%x48
E9 g4 Rectilinear Rectilinear Rectilinear Rectilinear Rectilinear Rectilinear
7122 UH HE
Mot D=2 Hs0] 22X =X L Ald & SHUHMN He 8% SstAE THHGEED
oAM= Hln A0l 2R256t0{, 0|2 MPEGOUIA= ¥H(anchor)et E2CH WHE=E HIZ
HZE J|l=2 HtE€ez M4%0, €M MV EEstiMe G2

Ol& 3|2 MKl =
ZXH0 et BHE ddotd UCH
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CHH 1 HIAE 2H=E TMIV 25310 28te2 €0 OtSetAs IS4 oIS
2 O0Ie2r A2E HEHOIHE MASHCH WH MW= HAE BH=EO 2= X
dIYdS ALESHA %10 L8 17 L 9g7H Yy UES E8ote “17fr" L “97fr" & EFY
WHE D=L “17fr" WAHS SH2 Y S0 JI=2 s 4ls=0] &g = UA
ot= & HEQ HoHd2 MB35t /AS0IH, Met J=2 2ty e 2 0l= “97fr”
WIHLLO| Hlw Z2UE AZEot] UL

CHHl 2: & OIOIHE CtA JHel CtE QP(Quantization Parameter) gt2 = &350
VWenC(Versatile Video Encoder)2 Sofl £S3t8tC HEIHIOIEHE d2E JA4HEZ
SXGH| !l REA &= JIgsS HSE0. OX i QP &2 HIAE 2HI=0LCH
MZ &0l8tdl, Ol= 2 QP g2 Z&& =0 OOoIeHgsS XFI| IS0l

S 3 2 QP g2 == ZA Ol HEHOIE S dioleHEs =Y 2AZHIE

(kbps) EtRIZ H AHSHCE.
k

CHHl 4 2 QP g2 =& Z4& OO0IeHE VVdeC(Versatile Video Decoder)E &l
S 338,
CHHl 5: 2 QP E2 =S3eteEl 4 OoIeH & HEHIOIEHE TMIV =330 &gt
O Y0 22 A9 /X0 WSdts gAY IAS st Dell g8 &t
A2 IA4Z2 WS-PSNR(Weighted to Spherically uniform PSNR)Z} IV-PSNR
(Immersive PSNR) & 312 It XIE =HOAM HlWstCH WS-PSNR2 M9 &
Al HE &Y A0l ERP(Equi—Rectangular Projection) S AI0A ZAMotes A=
S48 10256t0, PSNR A& Al H=01 IAH LMo =& 222 ) vHE6tD
A LMol B 222 0| vrdot= A "ot 2SS 20|18t IV-PSNR2
Ao B Y WHONA LMote 2 0|S(Pixel Shift) S&AES 100 oS T e
el E2 c?l2 Hluwols Y-0ICH
CHHl 6: 2 QP E2 =53teE 4 OO0l & HEHOIEHE TMIV =330 &gt
2 €0 (O 7-26)1 22 HEHEIZ, “EXEY0lA(posetrace)” A4l T LYl
L= AIECl 2AXI(X, Y, Z) ¥ &&k(Yaw, Pitch, Roll)0l tHiSdote Fas 846t
Ol= Mgt D=2 AE S&Es Zotg M AHEE L,

> Y i aw Fitch Foll

0 0 0] 1.86E-05 -2 99E-06G S.EDE—EE'

-2 40E-05 -0,00186 -6,27E-05 0,031693 -0,00162 -0,03303
-4 80E-0L -0,00371 -0,00013 0063368 -0,00304 -0,06862
- 20E-05 —0,00567 -0,00019) 0,095042 —0,00465 -0,09931
—-0,00012 -0,00727 -0,00028 0121472 -0,0107s -0,12784
—-0,00017 -0,00897 -0,00037 0,147901 -0,01695 -0,16E36
-0,00022 -0,01068 -0,00045 0,17433 -0,02316 -0,18489
—-0,00032 -0,01221  -0,000% 0191171 -0,02616 -0,20674
—-0.00043 -0,01375 -0,00055] 0,208012) -0,02917 -0,2286

(08 7-26) ZXEY0|A IIY Ol Al
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Js210A

7.1.2.3 Mgt Il A2 FE EIt ¥

M Jl=oll CHet X2 F& Bols U382 EXE Sof d&dstn UL

CHA 1 W MM AIESt S8 Ty Ao tHSote HAE ZEI=XE HMC J=0]
Hz=E TMIV 223010 2Ete2 0| otsetA A9 HA HOIEH & HIEHH Ol
HE M4EHT

CHH 2: (SHAH 1) DHEOIA MAE OfSctA HAIo P& HIOIEHE WH MA0 HEE
s2s OX el QP g8t #EE0tH WC 23328 Soll &=8tCt.

CHH 3 2 QP XI&EO CHoll =& S& OO ¥ OIEtHIOIEHS GIoIe s 22
=Y kbps S22 HAFSICH

S 40 28 QP N&E0 Oiol 25& Z4& H0IHE VWC 53588 Sol S& &t
SHA 5 (SHAH 4) HEOAN SRS 4 OOIE 2 HEHOIHE HMeh Jlso0l REE
TMIV SS3010 23 gtz €0 |2 40| ESE 2 AX0 HSote a8
gdotll, 2 oS S8t /AN UScte 2 4L WS-PSNR & & EF2
HAN ZA I XNE SHNA 8lwstt

Sl 60 2 HIAE 2EIx €2 W3 L Hot J=2 Sol MHe 20 (QP X&E g=
kops S92 AHatel Za&h Hole 2 HEHOIES & OloleH & el WSPSNR,
IVPSNR #=X)E A& A0 J|SHCH

CHAH 70 gt JlYs 2=otH AM A0 RAsSe=Z WA HeH Jls  2tY
“BD-Rate(Bjontegaard Rate)’S H&totD 2= ZEIX0| CHet 2E (O 7-27)
Z22 2 =50 BD-Rate2 HE a7 Jl= A0l 28 ZWIF M J|1&E D=
BO Blol = OOIH&EE2 Z0tLt 24 = 3ItotHA dE2z2 WS-PSNR 2
IV-PSNR ==XIJ} L0tLE 24 = SItst NE 0ot &l J|l=2 80 L0kLt
E2XE HES HUT HEole JIES 20T =42 FMek J1=01 WHU HIoH
H4s0] £ YAz 1] BtiHE 2 0lstth

Mandatory content - Proposal vs. Low/High-bitrate Anchors

Sequence High-BR  Low-BR  Max High-BR  Low-BR High-BR Low-BR

BD rate BD rate delta BD rate BD rate BD rate BD rate

¥-PSNR  Y-PSMNR Y-PSMR VMAF VMAF IV-PSMR IV-PSMR

ClassroomVideo SA -0.2% 3.1% 1.91 -1.6% 2.9% 2.6% 4.0%
Museum SB 0.3% 1.8% 16.66 0.3% 1.9% 1.2% 2.2%
Hijack SC -2.4% 0.8% 9.64 1.3% 2.3% -28% 0.6%
Chess SN -232% -7.9% @ 1583 -21.6% -4.5% -3.7% 1.0%
Kitchen s) -19.7% -59% @ 16.12 -19.1% -2.8% -106% -0.8%
Painter sD 0.3% 0.6% 8.16 0.6% 0.7% 0.5% 0.7%
Frog SE 9.8% 15.6% 5.36 14.9% 185% | 15.0% 18.8%
Carpark sp -109% -32% 7.16 -12.5% -3.9% -26% 08%
MIV -5.8% 06% | 1011 -4.7% 1.9% -0.3% 3.4%

(O 7-27) WH L HQt J|= BD-Rate Hlw Z1t Ol Al

67 FBMF-TR-009



Js210A

208 1A Mgt D

e 220 Jisdd

7.1.2.4 W

—_

o1

[}
o0

KJ

1o

140

. CHA OF QP, Ml &2

e}
)
20
o
<0
30
HO

180
KO

P

ZXE0IA0N ot (A8 7-28)

Proposal

Anchor

| 210l JFE 2C.

=)

MPEG

- ilof

I

Ki

M)

Wl
<l

o
<0
30
HO

J!
o)
0H

oI

Ol e = St

(==
EEI . O

ol Of

|

=

S0P

i0J
%0
Rl
i
I+

80

o)

ol
!

-

0o

==
1o

110

- ioD

PolAas

[=)

H)

A 5:

ot
r
)
o0

KJ

o

140

i
=
R

00

!

130

Ril
Ho
&r
1l

BH =
o

[

204 43

JF e HIOHS

o2 ME

3|

BICHE

ULH.

Sliel )

| —

o
—

sy
—

Al

—

—

HA

0

|0il CH

ZHNsteEl gaelX

O

=)

o, = Zxt

—

—

KI

M

Wi
<l

I[N
™

1
3
A

J

o

201

EXE 0

2
A B Ol

=
=

)
[==)

N

MPEG Z €l

’

=2

CtX OH QP

0l

Ul

o0

i

R0

KIl
il

Rr

Al
Kk

-

0J

J
o
[y
ol
RO

FXEDE Al

o

)

ol o
= =

Al 3:

0l

i0J
)

o

i

Jt

o

Rl

A=

=

=2

Ol ALK

iy

S

X~
=

Jb 2/A0]

KOl H 2

b0

110

OF

O EOAHIIEILR0A =

5
RO
i

Bl

o)

i

FBMF-TR-009

68



7.1.3 MIV H&E 2.0

HH
H¥
tol
I
ol
ne
ra
kg!

214 48 MIV 1.0 EE0| 0rRel SAH Q! FDIS SHAHol oI&0 et 219 732H HE
2.0 HE&E3 FAE 28t AN HHS ddoty UCH BHE 2.0 EEst=E 2806 MZ2=2
H&E Jl=2 Hot= 20| Otdl, OtScetA ¥ WXl JHE S AFEot= A 1.02 &XMAHQ
+X£E JdUE |RXGtHA 0IE JHMdots e ddg Aoz 2RI, &Hl &2
HEHME EES UEd dE8 SEHCZ TE J|=0] 2HEMHOF & 7P ARSI X2 0F
g MHIA AlLtel2(018 SZEAHOIA)E Holot ULH F Bz = oSt RFPAE &
SEAOIALS] E40| BIFE HAE BH=XE 2EGHD UCH M BIFHZ= “Exploration
of Experiment on Future MPEG Immersive Video (EE on Future MIV)"et= 0|22
=1 Al g

MIV 1.0 E=2 ds Hd

0
o

aE Ot0Ig= MetZor ol et a8 18 A&

HA =& Ol ZUE BB E S4ote EXE d&ot UCH SMIMA F2= K

AME E FE2AOA & SR E HNE 2%UYotEH s 20

« MV 1.0 HE& Jl==2 ANE AKX & 20 Octd A" 20t gotle ]2, A=
2

SO “HIgHI2(hon-lambertian)” 2ME AMAE 22 THESGHA 2Rol= SHAH DL
H&E 2.0 E=0AE 0ls HES B2t £ e Jl=2 22401 MAIZ AL
e 6DOF 2EIXO MBI Ns YBNHOIZ DAFAS a0 T

C]I-% Ea:‘
o

o [DIEIH A (metaverse)2t 201 40l AE T2 CG &L AAH At GtLISl BHO=Z
MBS OF ot AlLtel 20 2 &0 UL

2Ate 2 REHOIAE DHGIH HE 2.0 =gt Ky 228t HHAE ZHI=9
?/ol “Call for MPEG-I Visual Test Materials”2te EAE 22t 20, 010 S
HHE HHMDOL ZeE 2=, Y BrZ0| &8E 2H= S o

EE on Future MIVOIA=E &AF 2E=2 Q0|8 ==
IVDE(Immersive Video Depth Estimator)2l 4= Ji&, H

g e, =2 g8 I itd e s2 F=HZ2 o

= [

o

>
oo
o
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7.2 ETSI ISG ARF EZ=3t

ETSI= 201748 128 2H MdMESZ et AR SE AHIAE R6tH 2F&H=E A4S
LIPAME, MEIA Alltel2, B8Eez H8E = Us g3 & 401 HZO
HZE3H =SH2=2 |ISG(Industry Specification  Group) ARF(Augmented Reality
Framework)E Z=GIACH W= AR IR 2= A2 UOE AR 74 24 2t9
CHE Al AS —S—%’é(lnteroperablhty)g X&e SAlMl AR 28 MblAS 430l

St SHAD|=2 UYEt AR S8 AHIA Ofel 23 QA9 T3

=0l CHe E=3H0F &g SO0ICH JHEE= AR Zelgi3e JI=82 JiEd2

010
[19 ﬂJII]J

K

=

pal
v [©

o

4J
0o k4 0x o
p=

=2
ny
[w]

« A2 Zdi0Io S Ugel dn MYXE et et &8 2 382 Zd g =
- MS
e B3 SUSBIIP OAE AR SEAMHIA JHE 2 2EA Iz S84 HS

ISG ARF= Ul JtXI2l 30018 e =2 EHZ & H £ =9 =2=%, ‘AR standards
Landscape (Work item 1)'= AROl CHEH 2 EFESH J|7? S8 2 AR ZYd<fa 2
MEIAN BHEE £ U= JIE EES 24, ‘AR industrial Use cases(Work item 2)' =
Chekst Ard X MHIA AlLLE TAFEE BO|, ‘AR Framework Architecture(Work
item 3)'= AR AUIAE </t 02 R H=E RAII=S ZEcts Zd e
&2, ‘AR Interoperability Requwements(Work item 4)'= &DJ| Work item 20l =&
AMUtel20 THE 2HAHL AR 2AJI=/J1s, AIAE L MEIAN S A4S2EH 2+
AtErE HolstCH (O™ 7—29): HAAQl ISG ARF 30018 REE LIEHHCH

FO
[l
w
1l =0)

52
0K
O
]

Work item 1 Recommend
AR standards existing
Landscape standards

Use Case
Survey

Work item 2 Work Item 4 Work Item 3 Define
AR industrial Interoperabilty AR Framework Neses ot requirements to

. standards -
Use cases Requirements Architecture extend existing

standards

Define new ETSI
Specifications

(08 7-29) ISG ARF f30H0I &
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ISG ARF= AR} HZE J|E HEEZ2 E406t0 2& sHAD|=0| RACIX o Xt 02
Elg st AR SEABIA g ¥ I ES)=Ue &5 2842 =0/J] ®5t¢
2019 42 ‘ETSI GR ARF 001, ARF; AR standards landscape’ SAME Z2totACH
<H 7-3>2 AR SEMHIAE HE06H)| fst 23 J|IE EEZ2 LIEIYHO
<HE 7-3> AR Related Standards
ISO/ ﬁgglfgarﬁt%%mggrt%%tl%eality _lzse)%oloEgs httos://www.iso.org/standard/69465.html
IEC -
MAR-RM Mixed and Augmented | ISO/IEC . :
JTCH Reality Reference Model 18039 https://www.iso.org/standard/30824.html

0GC ARML Augmented Reality

Markup Language https://www.opengeospatial.org/standards/arml

W3C | WebXR https://www.w3.org/blog/tags/webxr/

B ARAF(Augmented Reality Application Format)
ARAF= MAR(Mixed and Augmented Reality) Z&S HMZ06t)| {g 2192 =i 2&
MPEG E=(MPEG-4 Part 1, MPEG-4 Part 16, MPEG-V)1} Z&l=l MPEG-4 Part

11(Scene Description and Application Engine) E=2 EUE AT UCH. & A EHSt
A 20 ¥ 3D ZEIOICIN, CHOILHY, CIE{ESHEIE, AAH/CG 2H =2l AHIE JHSOHA
ol RAJI=S EUR =2sA 22 T2 )89 MHZS Z0I6HH oI /st H& &
HE ZUoz AIEE £ QULH <H 7-4>= AR MHEIAE <I6t0 AIE2E £ U= B2
MPEG Z&== UEHHCE

<H 7-4> AR AHIAN HEE = Y= MPEG E&E
g3 z2E
Image(video) & audio capturing MPEG-V
Capture real camera position and orientation MPEG-V & CDVS
Detection and tracking of visual objects CDVS
Transmission of media assets MPEG-4 Part 1, 2, 3, 10, 11, 16, 25
Image & video rendering as a background MPEG-4 Systems

&J1 MPEG Jl=2 AIEct0d gBtEQl AR Ecte M 40l JtsotH, S61 ARAF Ect
SME IP SEotUlA AFZXE Eote 802 &=, 0l0IXI2 =X =5, AtEX 0l S0l
E It aAL E30AM 2D/3D0 2= UR2E 2 M8 S 24a)|l=2

S|
CIHIOIAE Soff =l&2 AR BE=
_|

ADIEE S OI8 HZBICH <E
7-5>= I8 AR MBIAZ 9I5H01, ARAF EZE0IA NEsts 74 24 L HAS U
Eft 2102 AR DY UYYIS &AM U RPEE DY 249 HFE 22 ASE
& QUCH
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<H# 7-5> ARAF E=0IAM Xl&ots 714 24 & XA
28 QA AN&E e

Audio
Image and video

Elementary media
Texture

Graphics

Time sensors

Touch sensors

User interactivity -
Media sensors

Access to sensors and actuators of physical devices

Organization of scene elements

Navigation of scene elements

Layouting

Scene graph related information - - — -
Visual identification and tracking, local and remote

Remote visual registration and composition

Audio identification and synchronization, local and remote

User localization GPS

Interpolated and valuators

Dynamic and animated scene Scripting

Sensors

Media control

Communication and compression

Map support

B ARML(Augmented Reality Markup Language) 2.0
ARML2 AR ZOHsS 4&Q%oln As &E6l)| K8 dole E=S2Z2 0OGC(Open

Geospatial Consortium)2 6+ JHZEUCH ARMLE ZHEHWA JHA JHAIC I 2

&%=2 HYol= XML 28 Jtah 24X1e 2 540 st S8 HAA & OIHE HelE
51&56t= ECMAScript HIlE ez AL 8M HE 2.0 EF0| L2t UCH ARML2

AU SLEAN SES 10 A2 UL L= #E DBl ARS M AoHALE.

ARML X g2 U382 Hgez FLECL.

* Features : &&= &4 MAHS =cl& HM H&

e Visual Assets : & ZHUH M2 Jtah XX SEf EE

* Anchors : 2cI& X2t Jta M AtOl2] S2HE 2| HE

m W3C(World Wide Web Consortium) WebXR

WebXR2 #UHA Jta 232 HAISHHLE D™ OI0IXNE AHM 220 2H 0I5+

H&ot)| <o ZHE ot=ou 30 &3 ddys XNdote O M8H= EZ0IT

WebXR Device APl= Jtaatd s 8ol &5 CUiolASl HMEES 2elot), HEst
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oYY 552 X0 30 M dHE, =82 20 UAZd 0z 018, 28 HEES
SHNAUS LIEHUH= 9 MH0) 22 =2 JIsS HM3StCh JtE JI28e =0 &
B2 A =9 /AXE AHatotn O /AXUHMN HHS dHY ot AHEX2 2 =29 2F
A elHeat)] fo ZHo H2g 220 28 WEsS HAMGHH 3D2 HESEC.
WebXR Device API(Application Programming Interface)= W3C &0 M 2018E0 HS
SHGIR M, z2NMANE SUSHAH Y =2 APIOICH 2020F 63 0l= WebXR 3
S WebXR S2&4 22 z& HEOI SHERUCEH 0IX0l= WebVR(OtASH A E)
WebAR(SZSHAE)2 APDI &2 Y ZU2SLE, WebXR Device API= UM JHAES A
Y SUSELEES 2F X0, WebXR S =2 Sol SAHA0 CHSH CHst |
== K3 8Lt WebXR Device APl= & 30N =& A4S MHIAGH| fIoH JHEE
APIZ, =8 EXI9 HdEZS ZelotH A8 X0 HEsH T £&£= 30 B2
g2 8tCh. WebXR S8 EXlolse s& 2 €& =8 J|s0] s &8 228 3D
SIEAl, ZYYs Sitoles AN & 20 DHES 2HdOlote otd, Stz &tHES
Bxiot) BAFH=Z oY ZHS =SUotH SAS 23ote ACEZEOl Z&E L

7.2.1.2 Industrial use cases for AR applications and services(Work item 2)

ISG ARF= L&t AR SEAMEIAN SSE2LZ AIEE = U= AR ZdIgHA Y
ot 2= =2 AHIA AlLIZIRE 24064, 012 EZ AR MHIAE fIotH 2
Tz 4L, CIHHOIA ¥ &5 2EHS BEOH| fst Jls RAAMES =06t

fotd 20198 7€ ‘ETSI GR ARF 002, ARF; Industrial use cases for AR

_E_ ]

applications and services’ A Z2t6IACH OIS MHIA AlL2I2 E&52 <6t}
ISG ARF= 3JAIE EUZ AR AMHIAE 2ol 2FE= =2 1d Agr & A0l
(m] j_al

HEZE = Us T2 MHIA0 OGHH £2 XZALS AIHSHACH (A8 7-30) &
7-31)2 AR MHIA Al Deit= =2 AES 2
Ol8= 22 LIEHUWHH, <& 7-6>2

Tracking accuracy issues 13%
Ergonomics of the AR display solution (weight, comfort... § 1% Tracking$

Tracking robustness issues 1% § 34%
Methods for initial spatial positioning of augmentations 10% \ \/\/
User acceptance (perceived reliability, utility, usability,... % ) 5
User interaction methods with the AR solution 9% E?rgmo_mv A
4 29%

Availability or adaptation of the data (3D models, 2D...

Authoring time/cost of the AR application 9%
Battery lifetime of the AR system 8%
. . . . Cost:11%
User security while using AR solution 3%
Incompatibility with protective equipments 3%
AR Devices robustness 3% Data : 9%
Equipment cost 2%

3

S
S

(08 7-30) AR MHIAE S8t =Q A
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Jl=E10A

V

(O8 7-31) AR MHIAE EUiZ DIt = 0I&(benefits)

<H 7-6> =2 AR AMHIA AlLIEI2

-2 sS3
- 24 HERAsE MM & JMEUAM CreFst & X1 A= (loT)st
J| Rl HE U2 AR
- 0l4et EXE=2 & UE/K HAWUHMN &EBIAH AEE
1 SEEHH Z2eloor otn, 4 AAHNAME /X 822
ADIESHH AstdE=2 HE(HAA L ol X0 st -
HOlA) M3 22
- ARE Cheh EXI9 dxl 2 2d HERZA 89l z=E3E &
% Aon EL8 HUEIS(connected) AHIA & & TIS3E
MblA =2 ) ot=dl H8E = U2
Use Case 1:
Wireless network and loT
installation

(O 7-32) ARJIEL 24 WEKT AHHEIX o= o
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Use Case 2:
Service Remote Support

ZHAOI MY BHHUNA HI=2W AZE AMEUHAL HIELIA
ot MEED JALH, = & UERIE Sot &89 J|
A S84l 228 U0IH 20l FEXH22 SIOtEHD /U=

|

(08 7-33) ARJIEH &2 ZX MO ol

Use Case 3:
Training

- AR AMHIA S JtE B2 0182 M3 = Js AMblA Al
clZ AN X0 IJtE J2 28 === NSE2ZM
S|

=
- ARS BEE Yol orH GA BCH OEE 20
ME BEZS NIHORM CYE M 2O0HIM 52 RS,
sy, ME0 NFNOR NBY 4 US

THd go 2 Nl RS

Tjo ol
i)
H
04 10
Qﬂ

(08 7-34) ARD|EH 29 & 0
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CH M FEL ME YL DS ZRAA W B, 2eeC
2ARY, ABNS, A2 QEY SO D20l SF
fum §

- HZE SE UM, MS2 HE SHARH ME 32 ¥ |34
PN

HOI& ZHSHAW OIZ2IINHK MA SHUHAM IJIE SR
2 MES AHM Xg WMAEO0IH, 012 M&sHI st =20l 0l
Z0HXD UAS

- AR2 Industry 4.02 st 10JtXl &2 Jl& = olLZ2, M=X
STUA X A2t 2 WE SH2 Hd6tD &Y LRE F

o
ASFOZM Mo d1 NEHE HNEHOZ SUHAIRE AMIZ =
0|
AN

Use Case 4:
Manufacturing

(0% 7-35) ARJIEF RIZ 2% o

7.2.1.3 AR framework architecture(Work item 3)

ISG ARF= AJ| MAEE ‘ETSI GR ARF 001" 2 ‘ETSI GR ARF 002'E EUig AR AUl
AE 2ot BSH2E AISE £ U= AR 24 24 (components), AIAE L AHI A0
CHEH AR ZHUK/AIE FHoot, 2 24 4 28 &5 2H & JIsol
38 °‘ETSI GR ARF 003, ARF; AR framework architecture’ @AME Z2t5IALCE. (
7-36)2 AN 3JtAl 002 2HE = MAMAQ AR ZH LT FEE UEHHA, (
7-37)2 AR Z3 DJIBe] AR AIAEN RE S I8 2 @4 219 J|ls ¥ AAZAHE
LHEFHCE

20
ol
2
N
o
RO
o
i

(7.
- ] | = .
2 Prozess':y unit ) 1§ Vot ) Cloudification
. — raphics :
g Processing Unit - — | @ Cloud
z ‘ T ® oo s
| [ 1 @ Local device
Hp—" = Vo v oe
[ Vision Engine
é Localization, mapping, Fm——| 3D Rendering Engine |
o scene analysis, etc. J
(2]
A \ 4
(=) Q) Interactive
© Scenario
B World == Interactive
a occlusfon meshes, Contents
ETS(/ MH Knowledge oh) Content simplification, WU CLECINTS
\§ Y Interaction, fusion, etc. Contents

(08 7-36) AR T3 ==
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2 L 2 H
E® = :
< €L =3
2 B 55¢& gsg Bo,
= -4 2= SE= 2
s 8% w E 2 23=
8< 5 3 T 3 %
i ( Scene Management \ 3D Rendering
World Analyole H Rendering
[ Interaction Technique ] Performances Yideo
ARS Audi
= io
AR Device Tracking [ Virtual Scene Update ]
Pose [ it = J Scene Haptics ]
Identification AR7
R d or I [ ]

ogl fied AR Experi Reporting
Object Tracking Object =~
AR9

AR14

oo SCONE Oljects,......

H H H ©
i 5c £8g 3
f2 §8- £3%2

o - & S=EEtEac
e= g;% 8‘§5<

g §=°%

3D Objects of World

tent Vo
AR15 Conent Expo
World Ancho
AR16

(O8 7-37) AR 22 Jls ¥ &2

>
il
k)

Hardware Layer
Tracking Sensors: &K =28 S2t0l Jtal HHE =S2lJ] ot dAl2tez =2t
X L gEs F=HoI| st AA. HEE AR AlAEI(ex. ADIE Z = AR

OtLE Ol&atel HIA MA(RGB Jtbiict, GPS, ZO0IMAM )t LHE

Processing Units: S&J|8t ZBRE HI&E, JIH & Jlgt =&, 3D did s 32t
OIXl ¥ 2AS ot 2FPHeE B EE el (AR AIAEN WE = A

oz X&)

Rendering Interface: &2 SWOI 2ot A= AR ZHHE 2 AR AIAEIS] NRE
SHOl SEH HEot MEot)| gk o

Interaction Interface: MAX, RAX =& S CLE AIEX 45HE HE2E F=06tD
TAGH| g AHHOIA

Software Layer

Vision Engine: AR ZXIE &4 Z2t) s SHCZ &4 MAHS 30 28 M4
2 2A&(localization), & A QX & =X, A& Z2H0 AUEQ AR Al <X
9 s FE S HHES Aot 2Rst LE FEE 224 L MHo)| {8 A

3D Rendering Engine: AIEX ASHE, AR 2 = H& S0 et &4 MAHE
lgtez AR HNE AAIZ2Z SUO0IE & 2 AR AIAEN Y= HEHS HE/THE
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B Data Layer

* World Knowledge: /\UI Vision Engine £= 220U A MHEE He=z 3D
2 24, dHE S fe 2ot HOoIH & &EtEQl AR MEs6H)| /st 88

* Interactive Contents: AI&X &S&HE0 Mt A2 S&6H)|
st 2EIX(3D 2E, S& ojLInolE 2H= 5)

B World Capture
AR AlAE = AH 22X fIX ¥ sk oXotl &
FXNEE & 7= 8 M2 SHEoZ A MAHN A

sS4 MAH E2 =8 JIssS e

m World Analysis

e E st e E2=22H o4 MAHN EMote 24 A8 2 SAY =8, 30
=28 M2, 20 =& S &4 HAHN SHEAOI AR 2HA HiXl & S22 <fst sS4 A
=4 Jls=s x=#stll.

® World Storage

sS4 MAH 242 EUZ, NSBolA Blole &4 MAH E2E U0IEdt= O Z2R&t
HE(3D A ClAl L AlH MF =E(3D segmentation), AR A M E, Xl HSIO
& 30 =2t UI0Ie &) dY Jlsg2 &t

B Asset Preparation

AR S2t 4 & Ct2et AR Ml =4S HSot)| /g HEIDIOH 8= 8 JIs2S

4

kLt

B AR Authoring
AR &0 BHE Y 24, AR X &3 2H O & OHLINOoIE s Chgst AR 33 14
U EXN ZOOL29| THI| & (ex. ARAF S

B User Interactions
HAX Qlal S Q1A A

rx
I
Jz
on
[m)
02
ro
=
0R0
>~
0z
fob
J
0%
[m)
(==
=)
>
1]
O
QJ
2
0z
0x
m

S Q1AL Al
He MY JISS 2#sH

B Scene Management

AR TR 7= Jls s &Y JIsez, U RE Jls dsa8l sAll ALZXt
HSAE L= 270 Ok 23E AR &8 24 & HE, dAI2 HH01E & &8 R]X
JlsS +="etlt.
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B 3D Rendering

M £= F=28 AR 2% =2 & M JlssS st

B Rendering Adaptation
3D Rendering0fl 2loll MAHE Ja Q0L Y s = MEot)| fs S:el& dHd
& XIE 20|stCh.

7.2.1.4 Interoperability Requirements for AR components, systems and services
(Work item 4)

ADJ] 'ETSI GR ARF 003’2 AR #&R4, AIAE 2 NMHIAE I8t 45284 =YY
3 FXE ZATH SAU AR EFEH0 B8 =2 74 4% QAHHOAE Jl=
ot UL Ol= e AR AIAH 2to] ds28ds XRFot)| e A Bl SHO0IN,
Sz =2 Jls E AEHHOIAN et FMAEL ds=2E8d QLTPAIES Holstlh.
Ololl, 1ISG ARF Work item 4E OtcHet &0l 3JtX2l MEZ 2FotH H=3E e S0l

AS M, 2021 88 ‘ETSI GS ARF 004-2, ARF; Interoperability Requirements for AR
components, systems and services Part 2: World Storage and AR Authoring
functions” &= Z2t6tRULH

e Part 1: Overview

e Part 2: World storage and AR authoring functions

* Part 3: Sensors for world capture

‘ETSI SG ARF 004-2° E=2 (O% 7-37) W AR authoringlt World Storage A0l 9
‘World Anchors’(AR16) 2 ‘Reference Objects’ (AR17)0l CHE AS 24 QIAIES

Zoletlt.

m World Anchors

World Anchore S&NAN Z&EE = otLt OlAS A 2&HGIH DEE /AXE LIEHH
2oz, 2 AR asset(84a 22t W fXI& = 30 2, 0I0IX, HICIL, HAE S3 S
S BF9 THIx)2 Z2t4 HEOH| R6tH JI&E0l Zl= HEH X AAEES JHRICH
* World Anchor= &Ml AIAHIS HHEH X AMAES HOoi0F 8Tt

 World Anchor= HEH & AAE LHOIAM 01 OI42l AR assetS JHMHOF &HC
 World Anchore 1DR2 AYEXIE JHMOF ST
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(0= 7-38) World Anchor 0Ol (&:Mark2[ 8, S:GNSS3)J|gH)

B AR Authoring

4
0
il

AR Authoring2 AR &HHO0IM World Anchor X b 2HE 3 Trackabled)
HEZE Ao|5i0F tCt

AR Authoring2 World Anchor AFOIS] =2|& 2 H(World Graph)E Allot=s
MI=0H0F StCt

AR Authoring2 World Anchor & AR Asset AIOI2] AMDHAE QI X2
stCt

FA
Il

@)

i=

Sy

03

= =X

i

o

ol

0
Ta M
v al e
2 ’ AR Asset ,
0 m o
,; ./0«
AR Asset AR Asset \LLR B

World Anchor
\/
o\
o
¢Lﬁ
World Anchor

3p »

)

GeoTrackable

(08 7-39) World Anchor A0l & AR Asset 2t2 =2c|& ZH 05

3) GNSS: Global Navigation Satelite System
4) Trackable: 2&8E % U= A MHA A

5) 3DT: 3D Transform2 Trackable, World Anchor 2 AR Assets 2t2| ACHE Ol x| <t g

ouUl— (=}

0%
0x
10
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® World Storage

e World Storage= World Anchorl DR AMEXE X

e World Storage= Trackable2l 11R° AMHEIE

* World Storage= Trackabledt World Anchor2l &CH&EQ 2IXE MB & SAXAIoH0F
StCH

* World Storage= World GraphE XI=&E 22 X =2l 0F

* World Storage= World Anchor€ EU12 AR &EXI2Q ZX
StCt

7.2.2 ISG ARF Z&E3t &2

ETSI= 20178 1222H A2 OE AR 4 24 2t2 HEFNO A 2EH
(Interoperability)S XI2& Dt SAIN AR S8 AMHIAL 43Fol AE MYsS FAsH HA
Jlzg OYst AR 88 MUlA Ofell 2t A 2t°] T3 27X & Ji=0 ist
HZESIE Xdotd QUCH S ISG ARFE Work item 4 WOHIA AISXQ IS0l et
AS2EH QFAMEN s EESE 860 Y20, SC29/WG7(MPEG 3D Graphics
Coding) &3 HHHlet 8232202143 58, SC29/WG72 MPEG-I BICI2 J|E EOIE
22RE Y=F(V-PCC), MPEG-I Geometry J|Et EZOIE 2etRE 2=(G-PCC), 0ICI0f
Ar2 OIE{Yl(IoMT) ¥ MPEG-V E&ES & 2 2 23 Liaison S2)E EUZ AR
T30 st AMIE 24532 M5t UCH
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(2 fE2 JIs210NE 20| ?I8 U822 JIs210AM2 2R= 0td)

mHl
|19

& 0ICI0f AMBIA Ed 28]
| =83HAAR Future Horizon X495, “OleHH T ELHA, Metaverse, Ittt
Sao FAHE €07, 2021.
AEBEAMIEEIMA, ICT Spot Issue 2021-115, “CIXNE MEO| Al "HIEHHA
=

KIET &3 M, “CHot2= HIEtHA AICH, XHAIOH 2EI= A

OE
00
|
=
=

[6.2. HIEtHA AHIA S&]

ATEHEMATZA ISSUE REPORT 1S-115, “22192I(Log In) HIEFH A Q12Fx
S2hxAlZEel S H” 2021,
https://www.naverz—corp.com/
https://www.roblox.com/
https://www.minecraft.net/
https://www.epicgames.com/fortnite/
https://www.oculus.com/facebook—horizon/
https://www.facebook.com/
https://www.nintendo.co.kr/software/switch/acbaa/
https://hopin.com/

https://www.teooh.com/

https://www.dob.world/

http://sidus—-x.com/
https://live.lge.co.kr/virtual_influencer_reah/

. AR/VR/XR JI£]

StROIHURER 2021 KISA REPORT Volume 02, “HIEIHAE 8 AZEQN
EHZ, 2021.

https://developers.google.com/ar
https://developer.apple.com/kr/augmented-reality/arkit/
https://unity.com/kr/unity/features/arfoundation
https://aws.amazon.com/ko/sumerian/
https://nianticlabs.com/blog/nrwp-update—110619/
https://sparkar.facebook.com/ar—studio/
https://www.unrealengine.com/ko/metahuman—creator

https://spatial.io/
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https://www.oculus.com/quest-2/?locale=ko_KR
https://www.microsoft.com/en-us/hololens
https://www.kat-vr.com/
https://www.cybershoes.com/us/
https://ektovr.com/

[6.2. LF €& Jl=]

[1]
[2]
[3]
[4]
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http://lightfield—forum.com/

https://www.insta360.com/
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R. S. Ryan, et al., “A system for acquiring, processing, and rendering
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M. Broxton, et al., “Immersive light field video with a layered mesh
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86, 2020.7.

https://www.facebook.com/Facebook360

https://facebook360.fb.com
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ACM Transactions on Graphics, Vol. 38, No. 6, Article No. 216, 2019.11.
ZRAA “Light Field OICIH Jl= Y ¥ HESH &7, S4SH0ICIH &3/ K,
2018. 1.
https://www.youtube.com/watch?v=cAg0A9gld5c&feature=youtu.be&ab_channel=
IDEAImmersiveAlliance.

FAEY, "EdsSE I4 HHIAE RSt HSH MHAHE &S Ji=", 4SU0I0A
&l XI, 2021.1.

Wijnants, Maarten, et al. "Standards—compliant HTTP adaptive streaming of
static light fields." Proceedings of the 24th ACM Symposium on Virtual
Reality Software and Technology, pp. 1-12, 2018. 11.

Broxton, Michael, et al. "Immersive light field video with a layered mesh
representation." ACM Transactions on Graphics, vol. 39. No. 4, 2020. 7.
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streaming of light field video.” IEEE Transactions on Broadcasting vol. 64.
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Video, in SIGGRAPH, 2015.
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