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Real-Time XR Streaming and Synchronization for Autonomous
Vehicles

-Requirements, Five-Layer Architecture, and Standards-Based Design Guidelines-
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Abstract This paper provides an in-depth analysis of the system requirements and implementation
strategies for real-time XR streaming and synchronization technologies in autonomous vehicle environments.
As autonomous vehicles evolve into mobile experiential spaces, there is an increasing need for XR
systems that can simultaneously achieve ultra-low latency, high-precision synchronization, and adaptive
responsiveness. To address this, the study examines major streaming protocols such as WebRTC,
MPEG-DASH, QUIC, and SRT, along with IEEE 1588 PTP and TSN-based time synchronization technologies.
The feasibility of these approaches is further explored through case studies including NVIDIA CloudXR,
Edge Al-based predictive rendering, and Intel TCC. The proposed system is structured as a five-layer
architecture consisting of a data collector, streaming server, edge gateway, synchronization engine, and
XR renderer, with a detailed explanation of the functional roles and interactions across layers. Key
technical challenges—such as bandwidth bottlenecks in high-resolution XR content transmission, data
reception delays during high-speed mobility, and visual incoherence caused by frame desynchronization
—are identified. To address these issues, the study proposes an integrated design approach combining
adaptive streaming, MEC-based distributed processing, and precise synchronization algorithms. In
conclusion, real-time XR streaming and synchronization technologies are positioned as essential
infrastructures that ensure both the safety and immersive user experience of autonomous vehicles. The
study emphasizes that a strategic integration of MEC, edge Al, and standardized protocols is crucial for
achieving reliable and high-performance XR environments in future autonomous mobility systems.

Key Words : Autonomous Vehicle, XR Streaming, Edge Computing, Time Synchronization, Ultra-Low
Latency Communication
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2.1.1 WebRTC 7]gt &A|Zt
WebRTC(Web Real-Time Communication)= g
oA AAZE S FA-dlolE AsE 7HssHA S
= QELA V&R, UDP 7[HF A5E 53 4 ms ©
9l 2AXAS AFdTh AEFPA FHA=
HUD-HMD “32]eF AA| A¥ 2t 31 ddo] Hasn,
WebRTCE °lE A¥ets APS 7l&olth. &9
RTCDataChannel% T mH o] AES dof XR HlEt
oJE|(AA HE, Al Ad 5)9 wilelx &g 4
311:}. ojgfgt £4& HAIRE XR A A og B
Sitt, ESE WebRTCE  STUN(Session Traversal
Utilities for NAT) @ TURN(Traversal Using Relay
NAT) A#2 o]} NAT $4olA% eFd=el p2p ¢
A& AYolER, olF F AF9] IP F47F WA
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WebRTC7F QUIC(Quick UDP Internet Connections)
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(Table 1) Key Performance Metrics for Time Synchronization in Real-Time XR Streaming

Metric Target Value Description / Measurement Basis
End-to-End Latency (E2E) < 100 ms Total delay from sensor capture to XR display output
Time Coherence Error (TCE) <10 ms Temporal alignment error between consecutive frames
Jitter (RMS) < 5ms Variation in transmission delay (Round-Trip Time fluctuation)
Clock Offset(PTP Synchronization) <10 us Clock deviation between synchronized devices using IEEE 1588 PTP
TSN Deadline Miss Ratio <01 % Ratio of time-critical packets exceeding the latency deadline
Packet Loss Rate <05 % Data loss rate after applying FEC or ARQ recovery

S 3408 2T 4 Sle AW AEYY 7eo]
Q3=tk MPEG-DASH (Dynamic Adaptive Streaming
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(Table 2) Summary of Prior Studies and Industrial MEC Trials

Study Scenario / Method

Performance Improvement Key Indicator(s)

El Marai & Taleb h
environments

Handover-based smooth streaming in mobile

Latency reduced 180

2110 ms End-to-End Latency

NVIDIA CloudXR GPU-edge hybrid rendering over 5G

E2E delay < 80 ms Streaming Delay

Intel TCC Hardware—-level time synchronization

Jitter 100 us — <10 us, Coherence

96.7 % Jitter/Frame Coherence

Industrial MEC

Deployments(Korea) verification

MEC center establishment & interworking

Proposed System(Target)

Edge + synchronization integrated design

E2E < 100 ms, TCE < 10 ms Latency/TCE Benchmark
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(Fig. 1) Five-Layer Architecture for Real-Time XR
Streaming
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(Table 3) Comparative Performance Analysis of Proposed XR Streaming System

Metric Conventional Cloud vProposed Edge Improvement
—based System —integrated System (%)
End-to-End Latency(E2E) 150 ms 95 ms 36.7 |
Frame Coherence Rate 86.5 % 96.7 % +11.81
Jitter (RMS) 12.5 ms 5.8 ms 53.6 |
Clock Offset(PTP Sync) 25 us 9 us 64.0 |
Packet Loss Rate 0.9 % 0.4 % 55.6 |

oF 34 s THIER HEotal FHEE AR
A 2]sl= Foveated Rendering, Double Buffering,
Resolution Scaling 71¥& #-83lt}. o Yyoprl ARE-
9] Aol wet Zdl27t SR BBt A& &
o] E30] AAHH = UL g £0]al, A4 o]go]
gel=d BE7F Aok FAlol  AufA|ETh
Panasonic Automotive®] AR HUD Al&l& 0|23t 7]
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s HUD 242 FgEd sHAIKRE 7idske A4E
718511049, 101.

o|9} T2 V& F&E 7IHe =, ARk AX FF
XR 2EFY AA”L 7|E SEH9-E 7|9 BhAlo vls|
B3t A5 NS Btk Bl WE AlEdlold 2t
End-to-End A1 A7 2F 36.7 % #rAstelon L
¢ A= (Frame Coherence Rate)2 2F 11.8 % FA;

=90t} o]efat A ATHE(Table 3y°] 2oFstsict.

4

AAZE XR AE2]Y ALHE thes] tolelg Ag
st Ae oA, Teret 71% A%o] A 1L
AAEolo} SrH o A5 5 otk 53] 487
e B40 B4 Yega B4 4% W), 1
% ol50] W2 B4 A, T Hulola 7k 5715 £
A 5 ofe] Aoke BuskcH11-13]. Hehy 2 A7)

A olefst BAIZ s1dst] S A8ss B4 7
B 2R 2L A M &, 5 AEY HeEE 0
of g ;Y % 518k B, WY @ A 1 7
2 F8ste] =olstag gk

TS

A Aet AEEY ZI2EZO] Meo] Fasirt 7t
LZ2EZ2 YEYT 128} Zxl= B4 w=t
A AYUH, A58 oA A% et Hd

LREZS ZYoto] ARgsl= Zlo] Fasit15].
WebRTCE= 2AA|A AAIZE B4 A Ydt= A
ZIEZF, UDP 7|59 A +2& 53l 4 Dz
9919 SEALS BRI A3 oA HUDY
HMDZ AAIZF Zd2E H5T o WebRTCx 59
5G MEC 333 Agtoto] QFg&Ql A= &3} aits
I3)gtch STUNZ TURN A¥E 55 9F b4 &
X, RTCDataChannelZ 53t Heldoly A% 75 <
Al XR Eel20f g3t 24 AlF3tch wd RTSPE
AH] F49 Alojy AESY DREZE AATMIZ A
2oz gojx|A|ut Zelx Zoju AEZY o7} &
ofslt}. wreba] Xkl A3t A W H4 HUD &
£ AlTsHAY, AL RHEE
F ool Zg)oict.

& Zs QUICS HTTP/3E 7|Hto 2 gt 214
o Z2EZE HEAEY H2|et O-RTT 92 A8
5ol 74 Sl 2EYYS 7FsoHA stk ARt
7} olE ol VIEYA dZo] #7|dte AlAS w2
A Qg £ gloH, g =S SAlof A5 4
k= HolA HUD, HMD, $2418 tAZH0lE FA|
o] &Joh= Aol Hgtsirt.

ulx]2fo 2 SRT+ UDP 7]5He] 1A% A

22, H7 &4 BUFEC), A5 AHE(ARQ), 2EH
A3t 7152 st Qirk o] wiiEol] By zlQjolut
A Agk P A Fel= £4 Qlo] Hge &= glow,
17kel dlofEl ] K]k Zsteljof ok A& 2ol
A F2 ZgH T, LTI F0AE
WebRTCS}F QUICO] 4733} QP84S Al Es
St 508 ARSEH, Aol weh RTSPSF SRT7H
HeHo R H8E= 27t A o8, 111

r
A1)

rr
of

L EE

5

¢
it

mo“ I )]1

:




REZWRE 2170| MAZH XR AERY-57

|8 AIARL -Q7AKE, 5-715

OF7|8Ix, BEJ|¢ A X|1&- 177

Z2 FH=e| Fxof a84dE 24
Ith. 53] XR 292+ 2D G4 ofyz 3D @
AE, OF A B, 360% shcetl 5 okt FA0
A5 HEe] 24 EZshE A muo] WA
MPEG-OMAFE= 360k 94 9 o3 A1d &
A B2 mROE, AM VN 48P AE
oj ARgALY| Aok F4] FHe T
° APPER ASshe W0, YES
=g Aok o)y AetEAE BY AHL 94
AT $718 HMD AEelgol o
5 %S 36052 HojFe 750 4
t glTF-Stream-2 3D LZ“E T SH=E 73%1:5]-
tol A5 4 Y& ZHOR, HUD 714t 3D wWH|Ae]
o|u} %) K ofo] 2 ¥A| Sof EtHolch. el 7]
HF AP (PBR)S A1€¥sHH, Draco ¥5& 9 A&
glolg 371E EoldA: A3 FEe FARI.
£ ARF YR GPU B8 Fo|x, UARE Wg4S 7
shohs o 2 7lodg ek
Fdl2 2o 2ol 5715t BE A o) st
& Sit}. [EEE 1588 PTP+= wlol3 2% th9]9] &
=5 AEsH, A Ul e AESY A7 U
T2 FHOIES gtk SMPTE 2059+ PTPE
o] v|tje-Qr]e At 7L kst AEY 7t
Y= 752 AlSotR=E, 3443 HUD il &
Aloll AA == E3F XR E'l20] Agsict. ghH
TSN o[efsll 7|t 2ol A Azl dlolgE o5
7FssHAl Aok 71«&, HUD 3k, A1z 41, A
A 49 5 A 387t H2 HolH 2 QoSE EA
3HcH5,6,8,12]. A= Wt o] AF T} F719F BE2
FHel=20] 1XxA gAY} A7 ATAHS SA)o BASH
o=H, A&FWA XR 2EY9 Y4 FRAO
2 S,

N
> opr
[¢]

O e
_r; N

=&
d0, ok

ri Irj,‘,

0.

18, L

l'm;o_lﬂ,
_\’,L-l

e e T T S 1
ST

i

O

rﬁ

ol > R

o Y m&"

oo
1N

o>
[t

=L
A7F

o|-(1m

43 HHY Y X B Jja
A3 B0 1 2 I B shie o 2
7158 YESIT £ sie} olo] e el EAolh

Ao £, ISER B, Aot A9 5 ot 87
2 of58tn, o] Tpgeld W2l Aol A WAL &
FhssiA WA b AARE XR A A4
2 o2 Hasisl] Y8 HuET Ad 1Y 714S 4
8:3fof wte.

AJBE AlElE 29 A wAE S5 olF
A 7to 2 A5}

g 0, 47 Fzlo] AA=T = AJB7} olE HE
o 24 HUDYW HMD 319 32 2okt & 9l
o} o] IFgofAf R w2 Xdo] WA¥eH ZeQl Ay
H7](Frame Skipping)t} ®EZHInterpolation) %4]0]
A-gr)o] E9 gl FAET

FECE= T &40 tiv]sf] ofio] 5 FEE M
AEsa, Al FollA] o]F o] &sf A glo] Edl=

QJEE 3t} o] EIZAKCR 55] & = =

S b S |

n oo
N
>

K
T
L
it
<
2
i
Fll
ko
k")
& A
©
s

O

. AR HUDOﬂ Eﬂlﬂ% A= JW*O] Y5 b
=2 = S AT 4= ok o] F 7]
E%agf—n‘ Z} stk AJBE 52 A Hxh
1Y A8 EAIE &5k, FECE dlolE /4
Ag Bt ety AgFPAjo|E F Ve
A A8l S Sk Zlo] dRtHolrt. AA|
MEC 71§t AEY Ao AJBe FECE Z¥3h
TF27F Hat AFS 250msOlA 110msE &0+ BA
of, Zelx SAES 1% olslE Wit ANE 7|25y
t}6,8,11,13].

)
Qo

Yo
i

= 10y
H:l rlO i)
Loox b |

PE

A

N
%

N
)
et
o,
9
>
>
>,
o)
<
=
[ >

it
)
oF,
>,
[
i)
rlo
)

usjo} & gAloh BRI QLT ot 53] Aol &
2% o)F B7HE T4 o), Wwist YEYA A A,
Ak GAE, choret A8x Boleke BaH Aok
o] SA0] 28}, oj2iat Aoke T WAE XR
Hx= Ax

5] 19 7k Ak AN

5.1 ISHAE XR 2HX XL H=

AT AFHE= HUD ZHze LARS
el A 4K W7 8=, S48 HMDE 360
T micEpat Gagolut AAIZE 3D OHHuﬂ o|lA7A] Al
Sfof g}, olefgl ERlx= 24 =4 H7HE(Mbps)
£ 2ol Y953 o op, 1% olF F U EY



178 MEQIHUYISSE=EX| M113 H53, 2025

= A Agto] 22 ﬂ%* ol A= BE @io] 71
stA @Ay 4 Qo A =2 Tes] 94 FE A
StERk B4 o= OW BE S FEY A% F
HAZF AQEAY FEE A9 AR Q1A LF=E
olojA WS AR & Ut Al AR HUDO| &
AlEl= A4 Qhiide] Al ERHT 0.3% =A Uehd
ohe, ol LAY WES AT AR FUT 4 9
o] ZAIZ 23] 95 AA, 48
o A8E} WebRTCY & Aol 2uel:
MPEG-DASH SAND %= AAZF HEQA
@ 2 u=doleg Fhe Aes
iyﬂ :u_71 041— /\Ea]tﬂO %Z]o]—ﬁl- Ez]ﬂ
AFH 29 (pre-fetching) 7|HS &-835}o] ®
H H2E 9A AclEglelo] Asta 2
A ABTOA b PeE FULE *Mi,
3 Ad AAo] Fasit =
o=z Aoty BrHHQI A]ﬂ Fiht E_L =
592 H2sk= #Alolth. NVIDIA CloudXRe) *}Eﬂ
oAM= ozt Mol AFtE YFotglEdl, 5G Al
A 4K 2Hzg cEegslUds HE Ad A
80ms olshz A8IeArHS, 11,12].

> o
of o

o

T
=
ol
%
).
)
T

o
T

ol
o

ox o
o,
P NN oo Bojo e

L>9Lm
T
ko ox o

=

;Eru!a
oAy P
>

_I%
L
ja
c
w}
HJ
N
il
Nodo L2

r
iy
l
;

mlo

5.2 ZAIZH HIO]E —’-‘—t' XA

o] 250ms OVJ g "%} A9 A9 <l
35% ol F7RRItal Bt Hf Stk ol &R}
oA A BA7F =gt Hd A5ty ofdet QF
Aol AAEs EAYUS HolEr)

o] ZAE sfidsty| gt Mg AA Al 7R Y=
< Slth. AA, MEC 719k 24F 2AE=YS g-8ato] 2
Fi} A YA 07 TPk AA] AHoA ZR=E A5}
I AlFE ol B9 AE AYE &l 7IA= A
A IS £ Qe AAE FHasRich S5, HTY
9 B 7|HES ZEslt}t Adaptive Jitter Bufferet

Aot A1 WaAE &
Qo] SHgAQl Fell= 4=

Forward Error Corrections
HolT 7 4SBT %
Alo] 7153l AA|, Graceful Degradation A3
ek A1 WSk A9 4 HUD 202
ghe WHEA] ABEES Q. of 2ol ohaz

Io

DN

A= 945 Mo og BASH= ¥rAlo|tt AA KT
9] MEC ASAIGol = A 28 Al Bt A A Al7to]
180msollA  110ms2 @HEe= dit Rl=dct
[6,13,16].

5.3 T3¢ HIS7|=t0 ME AlZt Hekd Kot
AT R 282 e 2 2 ok A

Ao} Zelx AETo| BAd}t A|7FE0|A HHEA] S5}
£ 4% e 2y Q] vE7|s Aol AeF

2o A= ZHH2t, LiDAR, GNSS, IMU & of& A7t

Aol HolHE AlFsta, AEHY AW} oA Aol
Egjlo], Arf2)7} olF At e ZF dAlollA A
% Ado] FHEH HFH o2 HUDO| BAEE 26
27} AA AR AHEoE of3td 4= Qi dE E
o], HUDO] ¥AJEE AR A= QhfjAo] Ax| A4 HTh
0.2~0.3% &=A| Yehdtd 83 = &7HQl ek
A1, ol ARH 2ol ¥k Ao F olojd ¥
o] it} M2 BHPA; HT Aot AA AR
A EYETA A 982 34 SRl

ol sfidstr| Yol 7MY 83 AL FF AR 7=
o] #golc}. IEEE 1588 PTP2} SMPTE 20595 7|4t
o= WE AAH AFY A7 7S B, HlolE
7F S Al HEEEE HEE 4 Qirk o Yot
715k AR R BIARE A 79t Adaptive
Jitter Buffer, Frame Skipping ¥3lg]&o] 7 2
ko] 2|AT} &4 028 B} slEgojd T E
St AARI, Intel®] TCC 71&L Al2H 28 o=
olo]3 2% T oJstz Fo] HUD Edl=9] AJZh gt
E2 96.7%7H] Lol Bf itk ol 9] HlE7]
st ZAE TR0 FAsHe di4] Hefo] & &= Qlk
[6-81.

6. 22

m

o HU R

7

3 5718t 7]&0] ZH= "oyt 7S TEEL
&Sk 71E9] XR 7]&0] F2 Aol EH|
HE ol sl & A 2, A&FPR A=
Qb A=, AXITHol 34l 72 85E T} HUD,
HMD, MR YAEgole} -2 HAAES 277 Q1A
oF 9h-goll AHAQ1 YIS n|A]7] "o, dlolg 3
oA AP 7HAY] A Fgo] Aot BUA] glo] #F

2 At AP A4 AT XR A
pujfe) =
&



RISXHA} SH0| AAIZH XR AER|Y-E7]8t AAH —27A8, 5745

OF7|8Ix, BE7|¢ M7 X|1&- 179

Bollof gt olE REHsH] %’46} 7l%ﬂ HiF o 8=
WebRTCSF 22 AAIZE A& T2 EF, MPEG-DASH
9 HLS 7|5k 28y AERY ab_ PTP2} TSN 7]
vke] 4 5713t 7S A ﬂ‘ﬁt}. APATE B9
A= NVIDIA CloudXR, Edge Al 7|9t APd @llEeg,
Intel TCCS} 22 AA| AglE0] AEFIAF XR 24
o A9l 38§ 78S HolFlet. 1=|ar AAZE XR &
Eﬂl‘ﬂ A2 sk A 84AES oA 714 A
tlolg] =347], AEZY AH, Slx] Alo|Ego],
A, XR #AE R &S] =9J6191aL, o] A
TFRE W3t 753 £To] ofle}, HA| molxmet
o] A] AT AAZEE FAISH] Yol B4 o
A 24 719rE ERlskgit.

E3} 9 mEEZ(WebRTC, QUIC, SRT ),
u|tjo] <% ZW(MPEG-OMAF, gITF-Stream), 571
s} BZ(PTP, SMPTE 2059, TSN), 283 A B
714(AJB, FEC)Z B /WEE 7|52 oA, B8
Zog -89 uvto] AR} T4 L &
WS Aol FET & 9SS HET, A 29
TGl et 58 A9 1 ofd WekS AAst
fct. A= XR ERl= Xd_o
g, W, 4] S o &
2k dlolg 4241 2|92 MEC lJ —EMJ
A 71%E Bl ts 7kttt £ 5
A= gt A7t B7|sker B OUZE%, J9a st
glo] 719t A3 FEE Bl f2E + IS RIS

gul

H>

X
o]

S~
&)

]I.?l’.

Hu 2 of of 0l'

)

o

&
2

E‘ms_lll

l>

E

et
ﬁix oZ

ALFHANA AAZE XR ALY
et 71 ] ook g

B 7es I 4 3}% glolls SAZE et mebA

MEC 719k} B4+ ﬁ’r%z—i %ﬂﬁ} dY, AEF A

& Alol, Eelat mefoA] BA AAZ EgrEos 4
Al=lofof gt

Iy B Aol 2 7R SATE EARG 3,

ol 7165 F2 ANA A9} 0|24 AES v

go shgom, U4 4§ A8FYR BN 3
7R 29 Hole FEs B4, £ re sl
Zo] IZoH1, AR FBUXS Al Eht
W28 A BAL JjHos 85 0fA £5

ek A, T AHeR BeIA Y] R 571slek A

e Fdl= He FAE A

11‘

e A IA= &

of itk

(1]

[10]

[11]

REFERENCES

M.Hassan, S.S.Shraban, M.A.Islam, K.S.Basaruddin,
M.F.Jjaz, N.S.BinKamarrudin, H.Takemura, "Integration
of extended reality technologies in transportation
systems: A bibliometric analysis and review of
emerging trends, challenges, and future research,”
Result in Engineering, Vol.26, 2025, 105334.

M.S.Anwar, A.Choi, S.Ahmad, K Aurangzeb, A.A.Laghari,
T.R.Gadekallu, A.Hines, “A Moving Metaverse: QoE
challenges and standards requirements for immersive
media consumption in autonomous vehicles,” Applied
Soft Computing, Vol.159, 2024, 111577.

M.Jian, B.Long, H.Liu, “A Survey of Extended Reality
in 3GPP Release 18 and Beyond,” Highlights in
Science, Engineering and Technology(AICT), Vol.56,
pp.542-549, 2023.

LF.Akyildiz and H.Guo, “Wireless Extended Reality(XR),”
ITU Journal on Future and Evolving Technologies,
Vol.3, No.2, 2022.

G.Lee, W.J.Yun, Y.J.Ha, S.Jung, J.Kim, S.Hong, J.Kim,
and Y.K.Lee, 'Measurement Study of Real-Time
Virtual Reality Contents Streaming over IEEE 802.11ac
Wireless Links," Electronics, Vol.10, No.16, 2021.

S.B.Kamtam, Q.Lu, F.Bouali, O.C.L.Haas, S.Birrell,
“Network Latency in Teleoperation of Connected and
Autonomous Vehicles: A Review of Trends, Challenges
and Mitigation Strategies,” Sensors, Vol.24, No.12,
2024.

M.Alcon, H.Tabani, L.Kosmidis, E.Mezzetti, J.Abella,
and FJ.Cazorla, “Timing of Autonomous Driving Software:
Problem Analysis and Prospects for Future Solutions,”
2020 IEEE Real-Time and Embedded Technology and
Applications Symposium(RTAS), pp.267-280, 2020.

G.Pan, S.Xu, and P.Jiang, "Optimizing 5G-Advanced
Networks for Time-critical Applications: The Role of
L4S," arXiv preprint arXiv:2407.20852, 2024.

D. Goedicke, A.W.D.Bremers, S.Lee, F.Bu, H.Yasuda,
and W.Ju, "XR-OOM: MiXed Reality Driving Simulation
With Real Cars for Research and Design," ACM CHI
Conf. Human Factors in Comput. Syst.(CHI '22), 2022.

M.Lecci, F.Chiariotti, M.Drago, A.Zanella, and M.Zorzi,
“Temporal Characterization of XR Traffic with
Application to Predictive Network Slicing,” IEEE 23rd
International Symposium on a World of Wireless,
Mobile and Multimedia Networks (WoWMoM), pp.406
415, 2022.

O. El Marai, T. Taleb, “Smooth and Low-Latency Video
Streaming for Autonomous Cars during Handover,”



180 MEQENZ=S==X HM11# H563, 2025

IEEE Network, Vol.34, No.6, pp.302-309, 2020.

[12] ]J.Y.He, Z.Q.Cheng, C.Li, W.Xiang, B.Chen, B.Luo,
Y.Geng, X.Xie, “DAMO-StreamNet: Optimizing Streaming
Perception in Autonomous Driving,” arXiv preprint
arXiv:2303.17144, 2023.

[13] Y Gu, Q.Wang, X.Qin, “Realtime Streaming Perception
System for Autonomous Driving,” arXiv preprint
arXiv:2107.14388, 2021.

[14] L.Liu, S.Lu, R.Zhong, B.Wu, Y.Yao, Q.Zhang, W.Shi,
“‘Computing Systems for Autonomous Driving:
State-ofthe-Art and Challenges,” IEEE Internet of
Things Journal(IOTJ), Vol.8, No.8, pp.6469-6486,
2021.

[15] J.S.Han, “Research on XR and Key Technologies for
Autonomous Driving,” Journal of Internet of Things
and Convergence, Vol.11, No.1, pp.101-106, 2025.

[16] J.S.Han, “An Integrated Approach to Real-Time Edge
Computing and Data Compression Algorithms for Full
Autonomous Driving,” Journal of Internet of Things
and Convergence, Vol.11, No.2, pp.89-94, 2025.

—_—

HelH

= 19924 8¥ : As|tjsty HFE
FEE(F A

= 20009 8¢ : F3|thsta st
HFE S IH(Z A

"20014 3 ~ @A - WAt

AREBIR 1p

—

St X £(Jung-Soo Han)

Al




