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Input-output modalities in augmented reality :

a two-dimensional survey of human-computer interaction

Wang Yiwen, Zhao Xi’
School of Computer Science and Technology , Xi’ an Jiaotong University, Xi’an 710049, China

Abstract: Augmented reality (AR) technology has transcended the limitations of traditional 2D interactions relying on 3D
spatial perception and multimodal interaction mechanisms. By seamlessly integrating digital content with the physical envi-
ronment, AR systems offer users immersive experiences. In AR environments, users can navigate physical spaces while
interacting with virtual objects through intuitive and natural behaviors. Such a demand has positioned AR technology at the

forefront of human-computer interaction (HCI) research, attracting considerable academic and industrial attention across

multiple fields. The rapid increase in consumer-grade AR devices including Microsoft HoloLens, Meta Quest Pro, and

Apple Vision Pro has accelerated the technology’ s adoption across various scenarios. This widespread deployment
requires robust interaction frameworks that support AR’ s unique operational demands. Different interaction modalities
present diverse characteristics. For instance, head/face-based interaction is suitable for scenarios in which users’ hands
are occupied, though it may lead to limited precisions. By contrast, hand-based manipulation offers greater flexibility and

is good for tasks requiring precise control. Each interaction modality relies on specific hardware configurations. Applica-

tions employing bare-hand interaction must consider camera placement to ensure complete hand tracking for accurate inter-
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action. Meanwhile, applications utilizing gaze interaction require careful consideration of eye-tracking apparatus installa-
tion. To this end, selecting appropriate interaction methods on the basis of task requirements while designing correspond-
ing hardware support constitutes one of the key challenges hindering the widespread adoption of AR technologies. Unlike
traditional computing environments, AR interactions occur in dynamic 3D spaces and engage multiple human sensory chan-
nels simultaneously. Consequently, effective AR systems must integrate diverse input modalities (e. g. , hand gestures,
voice commands, and eye tracking) with appropriate output feedback systems (e. g. , haptic responses, spatialized audio,

and olfactory cues). However, existing research landscapes reveal significant gaps in addressing these complex require-

ments. Current studies predominantly focus on isolated input modalities such as gesture recognition algorithms or eye-

tracking precision or narrow application-specific implementations (e. g. , museum guides or classroom applications).
While these investigations provide valuable domain-specific insights, they fail to establish comprehensive frameworks that
integrate multimodal information. More critically, the majority of AR HCI literature emphasizes input mechanisms while
neglecting nonvisual feedback channels. This limitation results in a fragmented understanding of cross-sensory interaction

paradigms, leaving critical questions regarding multimodal synchronization, sensory bandwidth constraints, and perceptual

congruence. We propose a dual-dimensional analytical framework based on input and output modalities for AR interaction

technologies. Through a comprehensive review of existing AR interaction paradigms including their underlying prin-

ciples, recent developments, core applications, and functional characteristics we construct an integrated conceptual
map to support future research. The input modalities are classified into speech recognition and gesture-based inputs, with
the latter further subdivided into eye-, head motion-, and body movement-based interaction technologies on the basis of
anatomical engagement. Output modalities are classified according to in accordance with the human sensory channels into
vision, hearing, touch, smell, and taste. Our analysis reveals four fundamental challenges in contemporary AR interaction
systems: 1) multimodal fusion complexity: real-time sensor fusion imposes significant computational demands. For
instance, integrating high-frequency gesture tracking with voice recognition often exceeds the capabilities of current edge
computing systems, resulting in perceptible visual latency. 2) Privacy-security concerns: AR devices equipped with cam-
eras and microphones raise concerns about surveillance and data exposure. Meanwhile, neural interface technologies intro-
duce new challenges surrounding the protection of neural data and cognitive privacy. 3) Input-output asymmetry: dispro-
portionate development focus on input systems has created feedback channels incapable of matching the richness of user
actions (e. g. , advanced gesture recognition paired with rudimentary vibration feedback ). 4) Interdisciplinary fragmenta-
tion: gaps between materials science (for working on flexible electronics) , neuroscience (for studying multisensory percep-
tion) , and computer engineering (for optimizing rendering pipelines) hinder comprehensive system-level optimization and
innovation. Addressing these challenges requires deep integration across traditionally siloed disciplines. Materials science
must advance the development of flexible, biocompatible sensors; cognitive neuroscience should quantify thresholds for
effective multisensory integration; computer science needs to create adaptive algorithms for latency compensation ; and com-
puter ethics must establish robust frameworks for governing neural data. Only through such synergistic efforts can AR
evolve beyond its current role as an interface enhancement tool into a transformative platform for human-machine cognitive
collaboration. In summary, the proposed framework offers dual value to AR researchers and developers, particularly new-
comers. On the one hand, it organizes fragmented technologies into a coherent structure, accelerating learning and helping

readers navigate complex technical domains while identifying key research questions. On the other hand, through critical

analysis of technical bottlenecks such as cross-modal latency and limited sensory bandwidth it highlights underex-
plored areas and inspires innovative solutions, avoiding redundant efforts and low-level repetition of existing work.
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Fig. 1 A dual-dimensional analytical framework based on input and output modalities for AR interaction technologies
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IMU APad 48 B8 T #7771, 388 1 i 27 oK 8 B 0 1A Ao
FJT 1) o AR RS AT LATSCE AR P 0 Sk 38, 143 )
E78 s MR R e Vsl S VS DAk © 2 DS i N e
Eng oRUUE 3771 S AN RS L TR R L SR A ey
3, 4N Kataria 25 A (2020) 2 H A93E T 6 [ B
BENBER RS BT T AR AR Oy 1)
BERIB 3, BT A E 177 ] o SR,
1B AL IR TE B 3 T R A, RS R 9 5
T R, I ELRE o R e A UK

(3R B IRER . &I ITIELE G FIAL A 5L
I, ) 22 B2 Tl B H AR i v I 10 VA R 5 A
P (R E B 45 ,2024) , 40 T 50 HARBLATIMU (4 #1
oS BT Vins—mono(Qin 4%,2018), 7E AR ¥
ST, Sk AR Y Bk R T 0% i T A e
IMU @il & B FHBLIE 257728, 35 Apple, Meta 7E I 1Y
SR TR H R4 R A i R AR Sk IMU, il
£ 0 0 R B9 P S5 B R IMLU X 55 38 8 14 Pk
I, DAY /D S 3R AL 0]

3) kAR R R A N ] S Pk . 7R AR A2 Bk
THZT, SR SRS, Sk SRt 5K 3 g
AN ] o A H OGS 1] ek AN 5 25
WS (INERESE & Oz s 55) s AT B G &
G A R A AR O A CIn AR 4 Sk i
AE QY

S 32 BB AT T S B s i A AR 1
AE. EEXTE A, W5 E A LIS s S 1O
PRl Al 5 6 Th BE (Sancheti %,2018) . X Tah&H
PRiE#E , SmoothMove 72 4t 3 1 VB L 3k #3k 5 H br
18 B L R HELE £ (Esteves 55 ,2017) . FE T4
TESKERZEAS (I sk ik (R Y A2 BTG 3
FTE L, W GlassGesture (Yi 5%, 2016) Fl HeadGesture
(Yan4§,2018) . BLAN, B SLEBshVEIL v F T
ey HLEF N2 3 (Shehekoldin 5 ,2017)

SR iE s s 1R P R ) oA W T
ERGEVERE RN P AL o 5] Qe o FO) g A% i) Sk 8
7 34 B2 TV G AR 3% A 8 A A, DT AR T 3
SEPAH (Gl 55, 2020) 5 AR 7 BT T 7 i 1 Sk 3
12 By BUHE R i A 1) B R B A E AT HEDY (Slocum
85,2023 , DT 4 e 0 17 SR 32 45, & 43 BIF 3 M A
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3k HB A2 Bl ok Al T P R T ARAS (Ferrarotti 45
2024) fE 45 IR (Samanta Fl Guha, 2017) , DL K AE K
AW HEREUI P 9 Sy (Bhalla 55 ,2021) .

S BRI A R AR P AT A TE B IR R AR s
AR R T R IA R T Y 3 AR AE
LR S W N IS BRI HE A IE N
S, Ho— BRI PR, P A Sk R
G I 25 5y 5| SRR A 1 2R B IMU IS, 3K
PRER R A R SN ARG R . H T IR
F SRR, AR BT R IRA PR, KB IR R 11
S E LA 2, DA AR B AEE 7R P AR [
2 4[] (4 VST (video see-through ) Sk i 1 4k
RFEH P RERI AT ) o H =, 52 B Y TR
W, SRR, BTk BB S A R A
AR TR 15 ik (7] R8T, 8% 11/ A AL O X 4 FE P
1= PR 2 5 BRI EA 2 — DS A [
I, IR 7 B2 RSk AR S AR TR AT R I 95 57 R
11,3 ARSI

AR B A Can =45 R0 2 385 ) A LU IR 3l Fi ki
3, Bee T MR A B 2 P B . ZER R
SRR, H T RAGE Bl S A T S R EOR B
R B A DT, F A TR TR
B EMEFEELH 3H, FEAMEROOR T
FNF B AR 5 A SRR L B R i 2
W LERINEE ), N B B R e 11 A 4R
ZH TR IR B S A B S TR s &
N B R BRSO TS TR S B AR RIE,
EN AR L SN e S e it AN Al N B Bl
FHOR G HAZO R STk RN o [RIE
(] SRR RO 4 B 25U B B A R i o

D BRE sh B FRoR . BURSE HARE i E 24 n
B TICA  FB R e 2 AR 4 1 FRAE
iy 27 S 3 SR FH 2 B R FN iz Bl AR A O
BEAMRAZ By, W& 3 From o %A T LU IR (] 45 4 2=
R EHLR A AR E XIS
H IR

)M . BT AR SR
Tt A1 A 7y 3 B AR AR 2 [R) i S8 R i Bl 2 2
¥, BB A ST 5 0 = AR AR AR . Y B R AR A A
TH T R MR A JE%h 22 5 ] 3 Ry 5 TR0 1) 1 R
TR ZERR A T R RS

(1) FETFAE R vk, % HH RCB #453k .

K3 TSRO KRR (Cao 55,2021)
Fig. 3 Keypoints of hand and body (Cao %§,2021)

RGB-D £ 5 3k B 4T A5 Sk A 25 P 74 3 0 B
PRI B, SR T8 5 T AL 8 AH O A9 312 X0 S B
PEATAS IR o MR 5k S ] i — D 2 Dy Ak
T AR Y 5 A T T

H T4 i (generative-based ) 19 75 15 1 /o s 2L 5L
Toes e g B A AR B AR . T
1Y 58 S F k7 J& MANO (hand model with articu-
lated and non-rigid deformations) (Romero % ,2017) ,
w0 AR S 50k B 7 & SMPL (skinned multi-
person linear model) (Loper 5% ,2015) , B U3 5 25 7
EEZH0 LN BIE RS H B KRG E b R
Wi DR S SRR T e S, A 21 T AR e B IR
5135,

He T3 Bl (discriminative-based ) F 5 1 3 1 B
F R A AR 580 2 >0 D PRI AE 21 51 o7 1
AL X ZR . R R ) 2 Al R AT
Bl BT, A S i)t AL BEHL AR AR SE (Tang
4F,2013) 0 ATAFER RIS ) T il i YNGR
PP 22 00 255, 2 L1 s 39 iy 1Y) 5 5 0 900 194 2%,
Google AYITIEHELE MediaPipe £ 51 (Zhang % ,2020a)
LA & Openpose (Cao 45 ,2021) 55 . 3 #47A] ) HLIH
PG AT T e B S A3 . WA
AR AR 51 v S i AT AR 2 2546 T (Cao
F1Yan,2024; Liu 55,2019) .

BET LR U 7 v B WU T AR S
B, RN DY S 1 R A2 . A A
B — WA 2508 H L TR — WU S B T iR i
FAAE DR 22 RARRYIRE )32 05 i AR S 40U
SR AT B SN0 ELH T 10000, {EL 5 R b T 4K
PRIk, BAEVGRAIR 037 5 22 S8R, 338
IR TR 32 B . R, —LERFSE N B2
O T BRI BE B 3 1 O EE A 45 L A0 Back 55
A (2019) £ H i BT pi 28 18 G 1) = 4 T Al T HHE
B8, HoloLens 1 Quest B TF#GB ¥R Bl 25 T4E
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FRE, BE /AR RAA THERAL AN T BERALZR

BRI R G 7%

(2)BE T n] AR AR 1Y T ik o X 2R T7 Il
it T2 i A2 IR A (IMU S8 A% 2% a8l 25 0 P iy T3z
Bl AR5 T LA 2 ) BOGR SR 2 ~T 1 T7  TTY
CHE R AT R AR . R T AL AR A5 LU R L
Fofr s 5 45 (09 A A R TR A 0 % SRS R T
PEBTC 1% 1% LA SRS T8 00 1A% 1% (Rashid 1
Hasan,2019) . X2 AL & ds F 2 U FERIE
AR HOF I, Gl 4 iR o B8 22 56 1 0] 25 i Jk
T IRESMTHRAE T LS Chen % A(2020)

Rashid A1 Hasan(2019) i) TAE .
Nf
: /\
3]

CyberGlove IV ¥ 7 HinFE Meta Orion
BHERGE  RfMEEEs MU IR b

(Glauser %%, 2019)(LinZ¢, 2018)
K4 HTFHLENEREE

Fig. 4 Wearable devices used for gesture-based interaction

3)BESVEFUNEAR o 5 RS E S BAR Y
T3 [P AR 2 2 e A g 1 i WS R e vl B
itk 9 22 ELARAE , BV SR IR, Xof o7 T H AL o
TN S ZE R o 2 ) RIS O A Y Sb
LBz B Wi B e R4 . e 2 A &
VU 5 A — 8 R G5 F A S22 8 8 , ] LA
A A BB , R A KR BE 1k
U5, BTN A I A AT LA S PR B T 1Y
T3 L A% B 4 5 12

(D EETHSE 0 T o H A T 58 1Y
LA RB I 1 I FE T IR 2 ) 1 J7 15 (Rautaray A1
Agrawal, 2015) o 3 28 J7 25380 5 A K 12 n 1 £l s
AR IR TR A 22 R0 285, 1 DA IR ST v T 3
VERIZEA, 10 Meta 4 Al AR 225 04 P B
i ¥ 2% SlowFast (Feichtenhofer % ,2019) . #4> T4
BHELL 3D G B VE S B i i I R R
28 2 BT U] A0 Yang 55 A (2019) 82 i 4%
i 2 H 4R R B B DD-Net (double feature double
motion network ) %5

(2) B TARIEAR I I ik o bR T T 240
WEIE A 4% AR 3% 2 AR IO Bl vh s O 4 JURs

fiE, ST PP . B0 Panda 55 A (2021) $2 HH
(2 T 46 2 th A B 1 T 3R 00 0 2 L K Kim 55 A
(2019) F2 Hi A9 I IMU K w $ IR P75 S Y 23l 25 5
PP W 25 55 o AR R BT R IR SR ILAL AR >
(electromyogram , EMG) (1) F-# Ul H AR W45 3 1 )
A (Jaramillo-Y dnez %5 ,2020) , {11 Meta &8 4 H 19
P 22 Jgi 7 Orion (AN 4 7% ) o 388 o 478 412 B Jik 2 T
[ HL i i, SEMG i 22 19X 265 fif R 455 780 0 27 48t i IR 45
R A TR a0 AT TR (TR 45 FE 3l
LUK T 5% 5745 (Kaifosh 45, 2024)

4) AR ZE SR B AR BN T . TR BIFERS 5
LRGP EBGHLLR AT E oy E. AW
B T LURAE R AU AR, A e R B
IG5 T 45 FE Rl 04 25 4 T (Fadzli 1 Ismail , 2019) ,
W T B AR DU 25 92 W) K (Murhij F1 Sere-
brenny, 2021 ), MR FH 31 Tl B B FAREEI s
SRR R e g S S 45 4 (Gavgio-
taki 5 ,2023) o -k 7T LI ok S 9 R 4006 45
A SR BLSET B SCA B AR ARSI A SR A AR
(Nooruddin%#,2020) .

AT T AR SN I Z e, T B S U
Z Tz g FREE O im0 B & T oz
R EATIZFH A IE (Phan 55 ,2022) . WA RIS B
TR M BT R A S A2 4 3D BRARAY 3DRudder
(Minakata %5, 2019) o Fe T — 28 T AR & BT Bl ff:
CEy Dl g v oI S I R DS I R A B TR
R 25 25 fE B X SCHE 22 SMPLGait (skinned
multi-person linear gait ) (Zheng 4 ,2022) . AH L A B
PRI 8 SOl S R, 20 25 R A B
I RN PR R B RAE A By DR e LA K BRI 33 7 B iR
(B 2,2025)

42 By (R 223 A YT I AR s, T R
AR A o U Moll 45 A (2019) JF K 1 — 3 1 %%
%% HeadbangZ . 20k iT R IAL 15 17 4 DG S 2
RYRY AL, I 38 5 5 A i 8 R Aot m A 000 221 7
BERAVUNH P SV R 2 5 & AR A e A0 14 3l
(B NIDE s 478
1.2 EHFIRA

P AR — i B AL 57 2 TEAN R
BRI R AR R R R T AR &
F AP 2 B 7 TEHG RIS v, fif
FHVEE A 2 G A PT35I
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SR E SRE T A
12,1 i EiRsIEoAR

HE USRI DR N TR e
X R A SCAS (Aouam 45 ,2018) o Hoii B il # A 5
TR BETF 06 - 75 Sfii i PR MR Bk 2 BRI R | Bl I
KV A T DI A A I it (AT 2 20~40 ms) , Il
T A P DA D W T o 1T R A 2R A R AR
T ZHCRHIE 4R JUT B P2 05 7 I ARUURR AIE | 3 26y
TEBE A BN H T S R L LA S 7 e A AL Y
Ao FPRR L X SO RS i R B I L
Gt 75 SRR Z2 0k B 5 R A] R AR Y (hidden Markov
model, HMM) 5 & 87 1B & % & (Gaussian mixture
model , GMM) (¥ 74 2 A8, (HL L 4 R R 25 > 7 1
2T R I, W DNN-HMM (deep neural network-
HMMI) (Xia % ,2020) Fil Transformer(Dong %5 ,2018)
B B AT RE T AT R A PO 5 5 B R AR B
B 5 LRI, o A R By R e B Rl T
[ A BRAL A SR FHBUNMER R . (E 58 N-gram £ 7Y
LT GE A T R] e 21, i B 5 12 R F A 22 1)
2% (U RNN (recurrent neural network ) 5%, Transformer)
AR KIS 1 3COC R (Zhou 55,2024) o LEfRAS B
B, A ORI H AR R 4 D s 4 s B A
PR (AN ZEs LU S8 ) $0 i d5c T RE Y SUAR 91
e, BT PR ROE (B IE R R 55 R AR i
VROZ S5 e A PR A O HH SO AT B R A B AR
ok, i B i OISR BRI AL T GE AR . B
A, SAN-CTC (self-attentional network for connection-
ist temporal classification ) (Salazar Z%,2019) .RNN-T
(Zhang 5 ,2020b ) L4 } Transformer 224 1) Wav2Vec
2. 0(Baevski %,2020) 4%,
1.2.2 AR AL B R

AN S B B SO AR AN I LASE I P 5
RGPS R G Z A F AR H. , i PR E 18
TR P ER . X —d B Ea 5 AR S L
(natural language processing, NLP) 5 B %X 15 5 Bt
(natural language understanding, NLU) ¥ K . H#RiE
AL AL A T U SCAR 23 1) AR 125 3 B A il
55 Biltn , NLP a4 J P i 5 e Ay SCAS, I g5
AR BT B G5 AE A A B CAn iR SRR o) o) 5
5y . HARTE BRI NLP AR 1O, &
T SO P BOR Z 0 U R A E U 52
PRI X G2 FR AL B 80 BT SCHERESE

an, 5 F P 3 A R S R L, NLU &5
ff BT 23107 Y A3 AL 1) S 17 B RE DL R AR TR
L PR LT f 1A I o AZ 58 NLU ARSI 5|
BRGHER BRI s PR A E A
T 02 2R A (] 41 38 F 22 e 58 B SR (Al Tig e I A i
LR ) o Bl KIS F AL (large language mod-
els, LLMs) ( Ul GPT-4 (generative pre-trained Trans-
former) . DeepSeek ) [ & & , AR Z2 Gt RE M5 HT 41 Hb B it
BOWITRS SCRE B SCE R RN IE B S E
B BT R (Xu5§,2025) .

1.2.3 iR RUIEOAR BT B Pk ik

WABTE B P A SR8 5 B HOR , AR T RY
Bt A5 AT LIRS N 7 5 B0 T8 R GE AT P
K HIESETES . Fl Aouam 25 A (2018) I % — 4~
TIREFERMEF AR HIAY AR RGE, 1% R G SRR
B IRl A (AN R R S ) FIAE A i ) 1
(AT B s FI M) o Ballard (2018) $2 i
— DTS AR AR REG ZRGE RV
ZS WU RE A 7L HEA T 2H 4 AT 55 a1 i 98 2 1
KE R . BREDII B4R S B 200, 3 iF 5 T
VR T8 T ARl 0 5 48 2 A UM LAY R D0 R 5037
5,41 Weng 55 A (2024) #2111 MR (mixed reality ) 7
5rh 9 3D NZAAIE T H Dream Mesh.

PR AT DS P A — 26 A PO PR
HF SR RS 25 R 10 A 43k . Shang A1
Wu(2019) B —Fh il & O B R 58, L RG4S
T JH R P B AL B R S 2 AL R I R AR,
PRI B Ak F MBSk W BT Arushi 5 A
(2021) 4t —> I T 520 o3 Hrist & i P B i
DUASERY A5 U 3 3 4 BORI TR I 285 A9 75 R AR,
S P T PIRZS 221

HEMAMEH PR E AW, AR TS
$4 5 ISR A S HL, TCACA B 15k A5 HA B A A%
AR o XM AR SR VE I P AN TR S L
TNHRGH., S TARRCR e [, AL
SRS G BT SR TR i i 2 ) AR
EHTZEALH TR 86 ARE S0,
A A ] IR PEAS AR o 1 U R ST
A DR JLAS b A RO SR AT TP B i 4, el 152
HFTT A E] o R R TR T AR PR SR Y
FUR LA i — O S AT 2R T JEAE
A Al el AR % o
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FRE, BE /AR RAA THERAL AN T BERALZR

SR, sl (A By At iy U3 e
1 U RO AN Sh A T F RO SIS . TS
B SO B A ELAR T T U ZR G A R AR 1 T 9
BP0 IR 7 R 5 Rk 7 BN R i, TR e
IS (A S BT LT 4 () sl 58 3 BT 1 i )
T 2R R R G TR 1, S BOR IR BOC
PP 4 o T E BUN R G LA IX 3 )
T (A 487 A 1) B AL BRSO Y TR SRR, U2
TE A AR T 5 AL TR ) B8 I I B0 L T RE 2 U i
PR RSN P TR a2 S THAR R
i UHRE R siess o O T A L, L A
ﬂﬁﬁ%%)ﬂ“%@%iﬂ"ﬂfﬁﬂ(ilﬂ“Hey Siri” 8% “Alexa”) ,
{3t 25 1 Aim e fioh i 1) XIS
1.3 X584

N T BB [ AR BRI AR SO0
$ L iy AR MK 28 E B R B BRI
FEE B LA R g B o AR AE 2 A B
AT T 845, R 1 FoR, DEASCIE NS % .

2 EEIIXRSZNWEHES

MNMTH B ESGE 5 5 5 5 3], 758
W 2330 3 & A RECR BB R 5 45 T R Wi . HLanaE i
B, MR 7 20 A9 2R 08 284k, SRR AT B AEL 3 5
Tlf 2 B A I5F B R BB JRE B & TR R . X
R SR TSN B B O AT sl A T AR ARCR
FERE RIS AL BT, R GRS RIAE AN T st
MBI TE B 1w Bk 3l () 6 bR B B R R &, RUSHLI 4R
KAERE R P BEES RZGRAEN 20, 5 B3
fift ZR G005 EH TAE , s WP HL G 225 % (Bermejo Al
Hui,2021) . #R1M0, 417 288528 B 2 - AT
T AR (Kim 45 ,2021) , %F 22 8 E i 19 R Ge bk
PRERHARFAE I . BT s AT) 2 1 o 2R 5
RO s, e IR BE B R 3D AR al
LA, RE M RREZA H Pl R FE & fE B L H
B RCE A SR BRI H 25 ., B A S EUR
PUFRAE RS2, JCIAEE 75 T2 1) 55 25 [a) 1 58 /%, [ e i
D5 WA P R B A 4 I R A e R I S AR B U T
FUT o AT DT T BE ik i | LB R B R R
EYERE, B AR SUBEOR A i S Pk
2.1 MiE

PLGE & AR 2R G5 fie U S G 36, Ok FH P 4

P67 F 5 A ORISR TE B i, R AR ] R
A A B oy P 2 1ok S
2.1.1 Al fbEA

SR 0 S %) AT R A R A R R R R R S
Fie B —E L HEC R 5 BSUE R B T B H
()3 7 (Zollmann %5 ,2021) . X — i FE 40 & 3 4By
Bo DERER . ESHBERS Lk DL KL
FRAE N, LS S R T A B 4 A
FIRN R GGG . 2) B 5 i .
XoF K UM 8 AT O 0 R R, N e P R
H s H1 2 5 R FH T B ok 55 30 2 0 T AR AL 5
PRo 3FE . RN EIES I 3%V EEIR A 1E L ik
P EUE 5 2 A5 2 RO XL R N A 5 JEE R
B G
2.1.2 @R EER

AT IAL R S R T, 5 28 B TR oA O 1Y
T 53 K SRl v G HEAS R 00 A i T R e
UG B PR S A8 I, R ar AR 4 FH bk s
DR BRI £ 0 Sfe 9181 4 s S R i 14 R £ L 0 RE AR
A, KN 7 % (Cheng %, 2021b) | T 40 7 B
(Lindlbauer 5§ , 2019) J ji %% it 1 (Jabbireddy 5% |
2022) % o I [n] EAE HG 5 B R AR A A N 1 P
[T (adaptive user interface) , 13 2| T #F50 4 1Y) 12 %
o Belo % A (2022) Z %0 i ) iR 1 35 W 4 UL 3
TR AR P AITHESE T4t TR Z 3 B Y R
W, U UTAS IO B 2 FH P e , UT R R 3 7 FH 7 4
TFENAE . T pE o G R B M B 5 Bk
Z IE] ()38 LB (Cheng 55, 2021b; Qian 45, 2022) .
Lindlbauer % A (2019) J&F N A A 7Y, B A &4k
JERZ O ULRY AN J2 IR AT 55 B 24 VR (E AP 5 Y
R 55 AR AR Y UT 8 4 i 4 w455 28 b A
SUE=A LRI RE &
2.1.3 s RBHHOR B 1 A kA

P S e RG SR I S h A B iz 1L 4R T T
FHPAE Tl 3 BEI7  B0E DA SRR S i i R
FBR A Tl il 20, AR F A Bl L5 1
BN T Bt il A A S5 — R S5 . ol
Shi 55 A (2017) FF & B9 AR A4 i 1 AL, 8 i St
PRBE O B ok B i & i B B A b, B OR
T IR A R IEAG A UTIRIE . Seelinger 58 A
(2023 ) FF & (4 FAAE S i b ATk 7 i i B 11
Bk R G, AR T T APATAE S B 41, TR 5
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IR, AR P S ot A7 1 FRE VI ZRASe =, i AT
# HE (artificial intelligence, A BKBh Y AR TR # 27
Rauil LAk aE > 43D 48 S, $E m R IR
(Long 5%,2022) . L3¢ St i # M Tt fkiz sh R 3
HHEEHOR . Guinet 5 A (2022) B9 AR 24T &
25 38 12 2 Tl o R AR AE (068 A8 Ak | B i s 45 )
P B E R SIS 0 R DL AT D AR R

e P R T R RE R Al
Stali ok T IEBR AT ReME . SR E I AR & 45 (i
Sk 4 )l L AR 2 R IR R LA A B Bt
P sz EAT IR . [RII, =okG B A0 oE i e A8 2 it
SRR, JEEFY b P (A ki $UAA) A e L S A P 1Y
HRTE Y ) FOG IR — 30k (g DG 5 B A ER L
BEO TSR HARAME S o A RBIEFE AT A T e T
i f R0 A A BT 2 E Y P JE (40 Mojo
Vision Y H, T BEIE IR 5% (Wiemer, 2021) ) DL )z AT 3K
Bl SN TE AT 55 -
2.2 IR

TEHG RIS (AR) B AR GE b, Wrod S ot i o 5
LRSI S PR AR R LA, R SO SR A s (]
A ) SN 4 5, iR 20 185 285 A8 B Y T A AR A o
B AT 28 S A H ALY B, R 2 iR R S T A
B T TZ AT, A T R GRS A
TR 5 HEOR S F2ARICTHR & 6 L5 =5 6]
PG5 P R AN R
2.2.1 WHEGHEA

EHOR B TR ) 45 58 SCAS B BUE I A SR 1Y 1
B I S AL ) U T ST R
IHEAR YRGS I SRR S5 SF SRR )2
BN H o AZ 48 TTS (text-to-speech ) £ R K L% FH W
W B it A < Sl g SOAS Ak 3 (A4 4338 R MR
TEAVE R U A AR A P 25 v 8] 75 22 R, B
J&i B WaveNet 55 7 fith 2% i 46 54 1 JE ¥ #i (Shen 5%,
2018) . RUE T SRAE A AR IR HAF TR
[i) 152 22 ARSI P SZ BR YR . JE4FR , LA Taco-
tron(Wang %5 ,2017) A3 1 ity 21 s A5 78 W 1 2%
SCASI B SR 5 SR , B FH Transformer 2844 552 91
P AR B, PR TR0 R I S2 fif T iR 25 A% 4K [l R
BT FE 0 (Tan 55,2021)
2.2.2 AEFEGE AR

AR B LR & 7 AU B i A5 i
DL T4 32 14 75 & LEATE FUDSUH R A 5

e AH i SRR, S Foede R Ik
% R % (head related transfer functions , HRTF ) SZ FL XY
Hzs a4k (Jayaram %5, 2023 ; Engel 45, 2022) , HiA
SR T P A ) AR A B RCH B AR AR ) B S R AR
hy S IR 2 R ORI, A W 58 3 W WK s )
FREPRURE G B 2 (8] 75 A P (Yang 45,2022) ,
BRI ANAN 5 8 T R BE LA 454, 30 5 B Ah 3 3 Y
SRR 4 75 U A R K (Shih F Rowe, 2019) , M T
THEE PR ) K e AL BRI €0 0 RIS DG T
JE [0] 7 37, M PR 0 b el i R R EOR T e
2 I AT W 75 R i A M T [ DR 1 B A
(Berzborn Al Vorldnder,2021) .
2.2.3  Wrst st BBk

FI 9K LS Y A R A 4R ) P T i o
(AR)/R A B (MR) 2 ¢ v iy 2 TR 2 Y G B 2L
R TENE AL S B SO is - I SRS IR AR Y
SRR AR ) o AR SCHRE S T B A
I, WP T S R BRI P
R 55 . 0, Kaghat 5% A (2020) JF & 1 SARIM
(sound augmented reality interface for visiting muse-
ums) & Ge A ] 92 007 B 4 (AP A i T 1
ARV 1T Sikora % A (2018) 1 T8 GE T HLAY
1ot 7 T W R 43l ik 42 K A2 7 R 4E (global positioning
system , GPS) FIJ7 [m] 4% J8%i 55 20 Iy s 75 o, 35 B e %
TR U2 3y a5t ik (9 SCAE T 55, Dam 45 A (2024)
P BRI 5t HY P AR B E N A JS2 o ZETERE S
22 R3S A8 AT, 38 3 3 A AT SR TR
Sonic Interaction BN & ) FXE “ Audio Legend” L
PG DN S, Dol TR A I o
38 158 My B A 3 AR (Rovithis 2%, 2019) 5 Li
(2024) # 1 A9 NAI (natural interaction-based audio
interface) % 48 W) FH 35 ¥ 432 3T K 40000 4R 1) 114) 5 26K
S5l B s A) e, B3 BV B B AL . Guarese
A N (2024) FF K1 TR 72 5 0 5t T30 B 2 S
RE S W B P AR BRI, AR
LHEBE TR P S WA B S8 UE
fio BN, Yang 55 A (2020) B 37 v B & BHL S F
BLAR TP AL Bt , diast FH P %k 3D 5 48 1Y) B 15 s A5 A%
HEENI IR 2 o

PR RS ERAE I SE A5 R i 27 5 (A Tl 4
& SNREFAR) kG T4 PR SR LS A
RARTHH P BT Sy [ 30 i A P A i P 2 e
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