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AT A A2 EAE 7oz A R w2, A% A4 A, CERE dFHo|A *274] AR A 716 QIE )
olx &g A X Cognitive UX 2 Z 5} A A|A = o= Rejsioit. okg e A4 Eau Hlole Ae) 7ut
A HolA B F25 ZASH= AR HUD AlAH FF op7|El#|et gt 3 7ol 218 7t AJ% 716t I+
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FHO| : SFRA F=} HAZE 0], AEF AT Aol XA ARGAF Fd, AR 14, CEEE IFHolA

Abstract This study proposes an integrated framework of immersive Augmented Reality Head-Up
Display interface design principles and Cognitive User Experience optimization strategies to enhance
situational awareness and safety in autonomous driving environments. With the advancement of
autonomous driving technologies, in-vehicle interfaces have evolved to support user understanding and
trust formation, requiring integrated design approaches that consider both human cognitive
characteristics and system-level technologies. This study identifies four core AR HUD design principles:
information structure and visual hierarchy design, spatial alignment and depth perception design,
context-adaptive and dynamic information presentation, and attention-guidance and error-prevention
design. In addition, Cognitive UX optimization strategies based on human cognitive processing
characteristics are systematically organized, including cognitive workload management, situational
awareness support, multimodal interface design, and user-state-based adaptive interface strategies.
Furthermore, this study presents an integrated AR HUD system architecture incorporating sensor fusion
and data-processing-based interface generation, along with a context-based interface model applicable
to diverse driving environments. The proposed framework provides a systematic foundation for
autonomous vehicle interface design and offers practical guidelines for future AR HUD-based interface
development and system implementation.

Key Words : AR HUD, Autonomous Vehicle Interface, Cognitive UX, Situational Awareness, Multimodal
Interface Design
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2. HITUHI AR HUD Hd X

£ At AT A= EolA =98 AR HUD
QAEEolA AA AR I} /IAH UX A3} Ak AlA
Aog LEsly] flstd £ 7N AA A
(literature-based design study)} 7Hd2 =AY
N (conceptual framework development) WHS
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FIfstaL ASA FR2 AFstEt. AA, Fg =8
WA =& AN 71ed Al2" 4 849 A
&4 A A7 245 FH9I] 2UF AR HUD 24
ZHJHLE st UA, 28 2l dA DA
Me A+ AS L5 AR 7HE IEH oA
2§ 2y ARAF AlF] B4 ZES AP, [Fig.
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[Fig. 1] Research Flow for AR HUD Framework
Development
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221 NEFY et QIEHO|A Hat

A5 7142 SAE InternationalolA AAISE 7]
ol @2} Level 0~57H4] @AIA 02 FEE 7F A&
9 @Al A Alo] AR ofyEt IZH-AF QIEH|
o]A(Human-Machine Interface, HMI)Q] A4 #x
ox Fagt #istE a+3ht5, 8]. Level 0~2 @A
A HA7E FY9| hRES S, g IR
715 8E Bxgit) o] dAl= 71E A7luat AlY fAg
glo] F4l9] JIEHo|AT}F F465] 75T 5= St} 1
U Level 3 olde] 247 A&FPoA= 73 AolE
Yol B AR A AEAY JTZ gtk o]
23t g B3l W AE A SA QIEH]|AE |
of, A AJefiel FH S-S XA 0= olFES Sk A
g =4] 9lEH|o] A(situation -oriented interface) A
AZE 273IHE]. E3] Level 4~5 TAAE 4219
A4 &4 7lQle] A BoA| o, A i
2 3 4GS 5HH0=E ARt o] A4+
Ej#jo]A0] glo] 7|9 AF Alo] B 7]5olA
ojuf, gAY QRA oL} A= FAS AYote |
FoE HAgHrt.
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2.2.2 AR HUD 7|& 0

AR HUD(Augmented Reality Head-Up Display)
= AA £ 34 Qo 7MY HRE 35t AlSok=
AlZF QIF oA Z]&o|t). 7]& HUD7ZF T B E A

7150 HESTHE, AR HUDE AAl 373 7 J5
£ Agsto] 37 7 FE AAS ARt HolA

AR HUD9| 4 7]& 4% 3A Y 7HE &4
ot A, 33 JE 7]&(spatial registration)2 7MY
ARG AA B4 EF YA Aok V&=, A4
WA o SRS A =2 AT AN 7T
o] 4 Alfoltt. FE HILT} EE A AL &
Tt out 7hsAdo] F7FtER, Y AlA dlo|Eet
Fugk daEjgo] 8EnH4, 111 4, Zol xd 7]
&2 7MW AR AA 3 goll AAAHA EXsk=
AAY Ho|x=E Zlo] HHE Aoz HASH= /&
olc}. E3] ¥AZet TAE] AA| 1t Zlo] ol& HEst
A E@3H= Zo] F23ItH11] A4, 8 Q14 7]1&
7He}, 2to|tHLiDAR), #loltl(Radar) 59 AlAE &
o] 9 3 JEE AATIo R ek, A=t
A-HPA} Q14 55 43¥5to] AR HUD A FH 9| 7]
9 FggeH12]. WA, AAZE AEE 7]&(real-time
rendering)}> 3 33 W3l 401 ti-goto] FH
£ BAohs 7]€E, §9] 1 £ AZolAe W2 A
%1 AlZKlatency)& A5k Aol FasitH3l.

3. 2948 AR HUD QIE{H[O]A MH =]

3.1 M2 RE L A% AS A §E

2919 AR HUD QIE#lo]2 AA]4 712aoluA
WA Art A Txe A2 AZY Pk A
ole}. A% A I B 439 BEst
B0 =, olefdt Aut AgRtel 4 Q43
ok Tl AYAL FFL Pl webd Qe
Hols AALAE HRo| FRwot 1FEg oz
AAAL A AS 25 FHsHe Aol Badold
Hu AZ A BAL AgAA AgHE HR
Q49)E Weke) Hojety BHR A4 Rehg Hx
sfsk | glek. Q129 Q1A A e AgHHolne
BE 498 5% S0z BAY A9 FaT 4N
2 Apgslr] olelg) 4% 14 Aelst 05 TR0l 5
7K %= Stk ol WAst] 9j5h AEjol s HAGNA
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3.2 37t Y, 0| oY L 4% HS A
299 AR HUD dlejdlo]29] 34 42 714 4
Wl A7) 943 BUEo R Husn, g W) of
o 5402 2PUrh Holck. olejd 3 HBLS A
A7} 14 YU A B e Al o
= (o)

o QIEjHol A &
4]. 3 A8 AAle M AR 19} A &7 3t

AE Ao FAsks 2e SR 5P, A&5Y #
Gt o] o] A&2 oz Weleh= Aol % Al
A 7 B 4 7ol f7E ERE Zo]
/A A= |24 23 59 A4 EAME %‘%6}04
7V AT AA & &oll AALHA SHEHESE 5
A, FE ZF FE2 WA S8 ARer Fo ko] wE
s 72 ulA] Aol Bastchl1l,

g5 BB 54 B4 /HER QEHol Ak
A3y Wslo] wet gAsHA 2gslolof dck. A g
AL 39 @7l uet BRY YRE HeHo A
Fsto] AH BRotE Foln WY Yo ot Fole
Aot Zle BEE Yk olg Bof REERME
A9 BE AEI), A @0 A H nAte
HJE7E S-AH oz A Eofok e, 8, 10 ER
5 7 AR 2E2 FF T 7S AR ARl Al
Alato] ARGAL EH] AlZEE SESkE | 7]ofg. A3
Aoz Z7F AE, Zlo] Q4] W Al S 7|ul AR I
AL Qleisol ofa|Est b e et B A
A oz AgRitto, 9, 121.
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ME T 14, A2 A%, A 24 5 ogSt tlolH
7F SAOl A=, o]2jgl PR AATIC R A|Ztst
=o] ARgALolA AlErt. wEbA AR HUD AJAER
=gt gAaZdo] A7t obd EFHAQl FE At
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728 7Kt 3 Q4] AFollAE AAE B F

S35t dlofg 4 AZolAe A 9 9
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oF QA AotR ojojd 4= Qlou R 11 Xe|et oY

Al YA 4 71&o] QFHH5, 111

A7 02 AR HUD Al2HL A4 IFGRE dHolg
|, A A, AR A4EHA] olojA= B A 1t
ojmeRlg 7gtog FAEH, ol2jgt B9 TR Al
28 A AR b4 ghEo] B4 7|Rte g &
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[Fig. 2] Integrated AR HUD Framework
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