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Abstract

Recent 3D immersive media standards such as MPEG-1 V3C and the MAF environment represent a
single scene as a composition of numerous objects and tracks. In conventional DRM control mechanisms,
playback begins only after decryption authorization has been verified for all media tracks. In 3D
environments with a large number of objects, this approach causes significant initial playback delay.

In this study, we propose a scene-level DRM control mechanism that leverages the track-set structure
of MAF. The 3D scene is classified into mandatory and optional tracksets, and rendering begins
immediately once the key status of the mandatory track set is verified. Performance evaluation results
demonstrate that the proposed method reduces initial playback waiting time by up to 80% compared to
conventional approaches, thereby significantly improving the Quality of Experience (QoE) for immersive
content services.

F}2I1YE : DRM, EZA, MPEG-T V3C, 2FvES Ht)e, WHEY 2T
keywords : DRM, Trackset, MPEG-1 V3C, Volumetric Video, Multi-track Streaming

sk

Aol =9 o (F7)

Sau o 1. M B

WA A Z}: A1-8-8 (email: shin@ssu.ac.kr)

A 2012} 2026.03.06. AAFSFE: 2026.03.16. .

A A A 2026.03.20. A ez, AE B R AEY viYel

_19_


http://dx.doi.org/10.29056/jsf.2026.03.03

0.

F
E
10
fol
140
a
=
0>-
njo
e}
rot
|m
1
Z

E?l DRM Hof mAHLIE

Video-based Coding)$} ISO/IEC 23090-14 Scene
Description ¥&2 o]#ieh &% =943 wt]o
& O¥s FAA &
Al EFoR A g :
Zejvh 3D 2'l=9 FPA ks HsiAE
Azt E&E  7]s<9l DRM(Digital Rights
Management)2] #-89¢] Z4H o= & 18}l
71%&¢ DRM 7| AAl= 3D H|tjo]o] x4
SA4E S99 st ] Fskar AHIO0L 719
DRM =5 ¢lEj# o] 22 W3Ce| EME(Encrypted
Media Extensions)®t ISOBMFF 718t Z8l= ¢33}
£ A9st= CENC(Common Encryption, ISO/IEC
23001-7)= F= AIRF 7]¥Htimed) 2.t Q.-H] T
S ZHAH |AE AAZ g HF A wro] A
A mdel HA st o] dA ] AL
3D &I(Scene)> @Al vt 2.9 &y, +F
2 5HA MA(Object)9} o1& FAsHE ¥
EdEg o]Fojzl uMd¥A  AHHNon-linear
Assets)®] HgroltH7]. o]l 3?} ]"1 71&9]
2 F ABE

al dcia=ns
wAsitl ol AA7HAol 7
= 224 ARR2E
F(QoE) Aatet 271 A4 A A (Initial Playback
Delay)9] €<le] H}

oA ISOMEC 23090 Alde] HEE
TxE JAGE A @9 DRM Ao HAY
Aersict. AF 7L 3D K& A=
=& EYA(Trackset) ol =84 @92
sletar, AH o] 44l E(Mandatory
Track) S A& o2 Adsle] Hashe] Ko

ANE 5 QES @t ol B

% 3D wtje] W59

2.1 3D LENME HEZF J|BtHE|AER X

ISO/IEC 23090-10 V3C& EFWEZSED) #
tolE a4 ow Hosh-dEatr] 9, shtel
3D FH=E E5o) 2D xdY vetdolHz W
$hgk 5] o] atlas Hlo|E 9 Mol v L &9

E . geometry, attribute, occupancy
e FAE WS A1)
< point cloud ¥ volumetric
video 45 7|EdAE TEH o= &&= dH

2EY 7k ER WA} AP Bele] glehgl
=

V3C HIEA~EY-E [SOBMFF 7]9F Z g o]u o] A
multi-track encapsulation modeZ A% 2 A=
T,
attribute, occupancy &< 743%12 2E”S Z47b
AR no] Edow AeshAri3].

9% HEEY 2= MPEG-DASH 7]k
& iEﬂ“o] ﬂﬁoﬂ’ﬂ /‘ﬂil dr%i K

gl

atlast atlas track®.=Z, geometry,

o

olo

Mo el oft (T o
=)
iu)
2 g
=51
MN
=
X
k1

%2 Jo
>
o
=
o
>..
[

fo o
-
BN Mﬂ
N

oo

ISO/IEC 23090-14(Scene Description) & 213
nljo] g7ellM 3D We 7]wdtal olE Agd|
93t Az olF|dAE AHositl a8 1& o]yt
EF oPIEAE 2438 AoR mTe] Ho|Ert

_20_



2026 3 AZTEQOE

HA =2 H22d A1z

YESD B 24 AGAZTH J5Ho HF AL
Al Al A= A sto]Zepdls woFTh
&g o718l Ao A Media Access Function(MAF)
ZeheEy 24 ;ﬂ”iil‘i‘ﬁ HAed U*E]iE
ojefell Hatal, 7 E

1
S AYE A 49 spolza A

ol w2 o o

Synchronization 42 V3C £ %«] ts Axd
E(Atlas, Geometry, Attribute % 7%
AEE FAs AEEE B O—C\S;EH:Z:L

MAFE &3 A=€  wdo] HolH+=
Engine 2 AgEW  o7]A
Scene Description Documentol] 7]&d &R
7|9kete] HEA Q1 A e o] FEnt uef
AR =RelA Aldlele 3D ZRlx HEgh o

Presentation

DRM A& 7|¥H< 1% 19 MAF U vtjo] A
2] sho]:x}el(Pipeline) AolA 7jd EdEE
23y 349 AR sl o]= ok urAlo]
T Az 29 nte] A A=3 7350
2 Agtsle] AA ~E8Y AN F7 7
e AJARR

MAF API Scene

description

i i | document
i |
i Buffer Buffer | Buffer
1 < |
: rAPI management " AP]1 :
i

|

requests

Media access Presentation
function : engine

pipeline

Local storage [ ,ccess

Synchronization Rendering

a8 1. MAF 7|8 HEIEZ X2l & S7|=

Fig. 1. Reference architecture for scene description
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Algorithm 1 : Trackset-Based Decryption and Rendering
Orchestration

1. T7S,<9
20 TS, <&

3 committed < false

4: D Step 1: Track Classification

5: for each ¢, € 7 do

6: if t,.importance = Mandatory then
7 TSy < TSy U {t,‘}

8: else 75, — TS, U {t;}

9: end if

10: end for

11: D Step 2: Security Orchestration Loop

12: while streaming == true do

13: r_count «<— 0

14: for each ¢, €795, do

15: if stutus(KIDt’) == usable then

16: status(t;) < Ready,
ready_count <« ready_count + 1

17: end if

18: end for

19: D Step 3: Rendering Initiation Condition
20:  if ready_count = |TS,| and committed = false
then

21: Issue Keyset Commit Signal

22: Start Rendering Pipeline with 75,
23: committed < true

24: end if

25: D Step 4: Asynchronous Optional Enhancement
26: for each ¢, € 75, do

27: if sta,tus(KIDﬁ) = usable then

28: if stutus(til) = Ready then

29: status(z‘,j) «— Ready

30: Update Rendering Pipeline with tj
31: end if

32: end if

33: end for

34: end while

& 3. Algorithm 1(E2{Al 7|8t DRM S35 ¥
doial AAE-o|H)e =

Fig. 3. Structure of Algorithm 1 (Trackset-Based

Decryption and Rendering Orchestration)
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Table 2. Experimental environment for the evaluation of
the proposed Trackset-based DRM approach

FHaE 4%
Content Format MPEG-T V3C
Encryption .
Seheme Common Encryption(CENC)

Object Structure

Atlas, Geometry, Attribute, Occupancy

Object Count

1, 5, 20, 50

Total Tracks

4, 20, 80, 200

Track Size

Atlas 1MB, Geometry 2MB, Attribute
3MB, Occupancy 1.5MB

Total Data Size

up to ~ 375MB

DRM Protection

KID-based key management

Baseline
Latency

Atlas 100ms, Geometry 120ms,
Attribute 250ms, Occupancy 300ms

Delay Variation

jitter(£10%) + Randomized

Model probabilistic_delay
2w A¥el AE 2z 74, BEY
tole 27 2@ MEYZ Xd 24 5& 293

Aolo], B Aol As WEEY AEFY #73)
glo]d2 HE AL A7) 918 Python 7]
wre) A Beoln Lelo)9)ag THAsY

E 3 Hotst= EA 78 DRM s HIIE 9ot
StESf 74 3 AlgefolM &
Table 3. Hardware configuration and simulation
environment for evaluating the proposed
trackset-based DRM mechanism
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oS Windows
. . HEHEY 2B 4 go]dx A
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