HEE B
A HBHE []
A 4 B | 4

JOURNAL OF IMAGE AND GRAPHICS

Eh: FERFREEXES SRR
HEERSKEREFEFES
e R 5it EHF AR




F27E508 (2531457)
202256H16H

FRES R HATI
REEFRZIARFFEREETI
rRERHR O HITI
R3O HATY

hRARF=ER
RE  PEERERFR ) 1258, 1990
HRIBEATIMER CNKIFEXH1E
EethlR, FRTUEIEXERSE(ERAR
B, ATUFEE R ERYfE
R, FERE, REIFA, TSR
IAEL 75 U o

Copyright

All rights reserved by Journal of

Image and Graphics, Institute
of Remote Sensing and Digital
Earth, CAS. The content
(including but not limited text,
photo, etc) published in this
journal is for non—-commercial
use.

P12 DEBAST L

FleRF. R ‘ BF (19965F6IH))

EEBM PERFR

EHEf FERFRTXES TR
TEERERFER
JCRM IR St AR

*F &/ 27

wELR (TEEREESR) BELRERS
\Et JtEmeEX IR ARE 195

HB % 100190

BFE5E jig@aircas.ac.cn

:| i& 010-58887035

R hE www.cjig.cn

I"ERHBICS TPIH EF201702185

B &R 17 ItRRTAITE

T 18 2ESHEE

BvRTT PEREFEPRZERERAT
(HPEUERE: JLR399(54E HB4R: 100048)

EDRIZRT JLRRMEEDRIBIRAS

Journal of Image and Graphics
Title inscription: Song Jian | Monthly, Started in 1996

Superintended by Chinese Academy of Sciences
Sponsored by Aerospace Information Research Institute, CAS
China Society of Image and Graphics
Institute of Applied Physics and Computational Mathematics

Editor-in-Chief Wu Yirong
Editor, Publisher Editorial and Publishing Board of Journal of
Image and Graphics

Address No. 19, North 4" Ring Road West, Haidian District,
Beijing, P. R. China

Zip code 100190

E-mail jig@aircas.ac.cn

Telephone 010-58887035

Website www.cjig.cn

Distributed by Beijing Bureau for Distribution of Newspapers and Journals
Domestic All Local Post Offices in China
Overseas China International Book Trading Corporation
(P.O.Box 399, Beijing 100048,P.R.China))
Printed by Beijing Kexin Printing Co., Ltd.

CN11-3758/TB
ISSN 1006-8961
CODEN ZTTXFZ

E9rETS M1406
ERHREKS 82-831
EREMN 60.007T



. |)?\.
FURCMETSE C 8
v ltm 5

HEEERENEGLES
BT E(51743)

B it s R (551823
)

B ENE LSRR IR ARNTAR
-4TL(%1877J\)

2022568 527% ZH6H (S5 31487)

PEEREREE 550

Zhongguo Tuxiang Tuxing Xuebao

JEEES oveereeee e T 1

RER ST ERER
EFREFIONE BIFENRAZRA

R TR, PRI, S, BYLET, FEREEAE woreerererererereroiissssssesenes 1697
HEESEFARHOAMNTIRBERA
ORIFE, 2K, EEE, FTHBA, BETRIG e 1723

HEEERBNEGLESHEITE

HiTR, k&E, AINER, TF, ®NR, XEE, T8, &%, BHY, XXF, % - 1743
M EFIARIHRE

E%ﬁ, EEEEZE7 gﬁﬁﬁ ﬁ?ﬁEj‘:’ FEHETR cooevvereerernnreesoinnee et 1768
BreER: AllRBEERFEIA

IR, B, IR, BWE, KT, KR, SN, FRE, 95T, S, B, 55
SR BSEEEE [ ceerresereeseseesesee s s e AR R R R e 1799
Bk T ST

BT S, B, MGIE, BEERE), DI, T e 1823
HHEGENEHE

Wi, (38, BB, FATERL, TE, FARSER «erroerrosesressssesssssssssssssssssssesssssssesssseseen 1840
B EERH R IR AR GIE

NG, BT, KR, K, BRI, BE, R, EH, TRE 1877
HIEISIREIEERZE

FRISRBIAHARHE

BRA, =@, N, KT, KFN, AT, SE, FERI, FIR o 1898
SRR EHRRERE

KD, TRE, =R, HTE, BERE, AT, EE, KFE, S8 1918
KIMSESHG AR EERARHRE

TS (AR, BB, EIRIS, T, FHLE erreerreerreoimsinsnsss e 1944
SIESANRELZR

MpiRte, WS, G, BEE, TR, SRS, TIEE, T e 1956
SUGEFEAL R AT R

BAEAE, (S, TET, ZEE, BUIME comrromrrosmsssssssisessissssssssss s essss s ssessesessens 1988
BRITE SERARAERERR

PRISE . TR, RS, HEES, TEE, FEUE, BXEER s 2008
BRSHEIESIERSHRHERE

BYE, SREE, AGIEEL, TEEF coerreereeesrreesmseessssessssssesssessssessssessssesse s sssesssssessens 2036



Volume 27, Number 6
Published June 16, 2022

CONTENTS

JOURNAL OF IMAGE AND GRAPHICS

= @
S,
'.'I' Y mm 'n 1 .

The review of image processing
and edge computing for intelligent
transportation system(P1743)

Advances in spike vision(P1823)

A review of real-time rendering
technology based on mobile
internet platforms(P1877)

Visual Understanding & Computational Imaging

A survey on deep learning based visual object detection

Cao Jiale, Li Yali, Sun Hanqing, Xie Jin, Huang Kaiqi, Pang Yanwei -««:-sseeeeeveescnciniinniinn 1697
Visual recognition technologies for complex scenarios analysis

Ma Lizhuang, Wu Fei, Mao Qirong, Wang Pengjie, Chen Yulong -« tteeerereueuensnnnnenne 1723
The review of image processing and edge computing for intelligent transportation system

Cao Xingjian, Zhang Zhitao, Sun Yanzan, Wang Ping, Xu Shugong, Liu Fugiang, Wang Chao, Peng
Fei, Mu Shiyi, Liu WENyU, YANG YOU «::ttteteeueseressusisiiiiiiiiiiiti e 1743
Progress in weakly supervised learning for visual understanding

Ren Dongwei, Wang Qilong, Wei Yunchao,Meng Deyu, Zuo Wangmeng «:«::-«sssseeseeeeseesnees 1768
The review of Al-based intelligent remote sensing capabilities

Sun Xian, Meng Yu, Diao Wenhui, Huang Lijia, Zhang Xin, Luo Jiancheng, Gao Lianru, Wang Peijin,
Yan Zhiyuan, Gao Lijing, Dong Wen, Feng Yingchao, Li Jihao, Fu Kun ««eseeseeseeeeseneeneneennee 1799
Advances in spike vision

Huang Tiejun, Yu Zhaofei, Li Yuan, Shi Boxin, Xiong Ruiqin, Ma Lei, Wang Wei -««+:sseeseeeeeees 1823
Recent progress in computational imaging

Dun Xiong, Fu Qiang, Li Haotian, Sun Tiancheng, Wang Jian, Sun Qilin «-seeseeeeeemeeiniennnes 1840
A review of real-time rendering technology based on mobile internet platforms

Liu Chang, Huo Yuchi, Zhang Yanchi, Zhang Qian, Zheng Jiaxiang, Tang Rui, Yu Geng, Wang Rui,
JIA JINYUAN weeeeeeeeenemer e 1877

Data Mining and Information Interaction

A survey on table recognition technology

Gao Liangcai, Li Yibo, Du Lin, Zhang Xinpeng, Zhu Ziyi, Lu Ning, Jin Lianwen, Huang Yongshuai,
TANG ZRi «evessersssersssesinississ im0 1898
Overview of steganography on multimedia

Zhang Weiming, Wang Hongxia, Li Bin, Ren Yanzhen, Yang Zhongliang, Chen Kejiang, Li Weixiang,
Zhang Xinpeng, YU NENQR@i -+ttt 1918
Research progress of quantitative multimodal brain imaging technology

Ye Huihui, He Hongjian, Fang Jingwan, Tong Qiqi, Zhou Zihan, Liu Huafeng «-««-«sssssxeeeeeeees 1944
A survey on multi-modal human-computer interaction

Tao Jianhua, Wu Yingcai, Yu Chun, Weng Dongdong, Li Guanjun, Han Teng, Wang Yuntao,

LU B ++veeereerererersssssememmntesisesestssisesesestss et sesess st et eaese st a bt d bbb bbb s s bbb 1956
Research progress on key technologies of cultural heritage activation

Geng Guohua, He Xuelei, Wang Meili, Li Kang, He Xiaowei « -+« seeeeersesnnnnneniniccnes 1988
An overview of research development of affective computing and understanding

Yao Hongxun, Deng Weihong, Liu Honghai, Hong Xiaopeng, Wang Sujing, Yang Jufeng , Zhao
SHCRGIIQ «vveeseseresesese et 2008
Survey on cross-modal fusion based on brain atlas data

Luo Na, Song Ming, Yang Zhengyi, JIang TIAnzi «++-«-+ssssssssessessessessesssussussussussussussussusssssunnns 2036



1956

E-mail: jig@aircas.ac.cn EPEI%EH???E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS

Tel: 010-58887035 O HEERERZIRRINETFE

hEESHES . TP391.4  XERARIRES. A XEHS: 1006-8961(2022)06-1956-32

WXEIAERK: TaoJH, Wu Y C, YuC, WengDD, Li GJ, Han T, Wang Y T and Liu B. 2022. A survey on multi-modal human-computer interac-
tion. Journal of Image and Graphics,27(06) :1956-1987 (g ER4E  ARIEA MLl 544, 255 ¥l Tig i, XK. 2022. ZHEIS AN B 454
o [ (& 4 24417, 27 (06) :1956-1987) [ DOI; 10. 11834/jig. 220151 |

g*ﬁlb\kjt /\ —/TJZI:

1 ) 3 A 4 1 5 3
ML BEL Hma RAALN EAE HE, TE5E, R
1. WPEBEBE A SHEAFFR T, dLa 1001905 2. WiV K%, Bl 310058 3. TR, LAt 100084 ;

4. JERtE TR, JEaT 100081 ; 5. H EEMABER RS T, dLaT 100190

W OE. ZESAVKCEBERAEY ER SOR RSS2 RIS E BT A ST AL B (R B scH,
FEAHLO B, IMVABTE R BT R AU A ) A fﬁﬁﬁ}ﬁo AU FRGMER T 2B AN
HLBE B4 2 R SR AR 2407 1), TR AGREE T B8 vl WA 38 . ik F 7 B 38 B IR A IS S 38 B A 22 8
scﬁ%nJ\HfomﬁscﬁﬁﬁﬁﬁaﬁL%u&ElVwﬁﬁﬂLJﬁtE& ARSCA R B 22 B = B R SRS S

A M HENRAESE B A B o A B8 B ST HORSE T 38 B AR R 045 B 1t A5 02 2 B AHLEE B 1 A SR AT
KRR BN NS L KB AT AL SE B 7 B3 B SE A8 b P 2R 38 B s AWLRESE |

A survey on multi-modal human-computer interaction

Tao Jianhua'* , Wu Yingcai’, Yu Chun’, Weng Dongdong®, Li Guanjun',
Han Teng’, Wang Yuntao®, Liu Bin'
1. Institute of Automation, Chinese Academy of Sciences, Betjing 100190, China;
2. Zhejiang University, Hangzhou 310058, China; 3. Tsinghua University, Beijing 100084, China;
4. Beijing Institute of Technology, Beijing 100081, China; 5. Institute of Software, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Benefiting from the development of the Internet of things, human-computer interaction devices have been widely
used in people’s daily life. Human-computer interaction is no longer limited to the input and output modes of a single sen-
sory channel (vision, touch, hearing, smell and taste). Multi-modal human-computer interaction aims to exchange infor-
mation between human and computer by using multi-modal information such as speech, image, text, eye movement and tou-
ch. Multi-modal human-computer interaction includes multi-modal information input from human to computer and multi-
modal information presentation from computer to human and it is a comprehensive discipline closely related to cognitive psy-
chology, ergonomics, multimedia technology and virtual reality technology. At present, multi-modal human-computer inter-
action and various kinds of academic and technology in the field of image and graphics are more and more closely combined.
In the era of big data and artificial intelligence, multi-modal human-computer interaction technology, as the technical carrier
of human-machine-thing, is closely related to the development of image and graphics, artificial intelligence, emotional com-
puting, physiological and psychological assessment, Internet big data, office education, medical rehabilitation and other
fields. The research on multi-modal human-computer interaction first appeared in the 1990 s, and a number of works pro-
posed an interactive method combining speech and gesture. In recent years, the emergence of immersive visualization pro-

vides a new multi-modal interactive interface for human-computer interaction: an immersive environment that integrates vis-
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ual, auditory, tactile and other sensory channels. Visualization is an important scientific technology for data analysis and
exploration. It converts abstract data into graphical representations and facilitates analytical reasoning through interactive
interfaces. In today’s data explosion, visualization transforms complex big data into easy-to-understand content, improving
people’ s ability to understand and explore data. The traditional interactive interface can only support a flat visual design,
including data mapping channels and data interaction methods, and cannot meet the analysis needs in the context of the big
data area. In the area of big data, data visualization will have problems such as limited presentation space, abstract data
expression, and data occlusion. The emergence of immersive visualization provides a broad presentation space for high-
dimensional big data visualization, integrating multi-sensing channels and multi-modalities. Interaction allows users to inter-
act with data naturally and in parallel using multiple channels. The interaction technology based on sound field perception
can be divided into three types according to the working principle: measure and identify the acoustic characteristics of a
specific space, passage or the change of the acoustic characteristics caused by the action; use the sound wave measurement
of the microphone array to achieve sound source localization, the sound source can emit specific carrier audio to improve the
positioning accuracy and robustness; the machine learning algorithm recognizes the sound from a specific scene, environ-
ment or human body. The technical solution includes a single method based on sound field perception and a sensor fusion
solution. In the physical interaction system, the user interacts with the virtual environment by using the physical objects
existing in the real environment. In recent years, the integration of physical interaction interface technology into virtual real-
ity and augmented reality has become a mainstream direction in this field, and the concept of “physical mixed reality” has
gradually formed, which is also the conceptual basis of passive haptics. The haptics of physical interaction can be divided
into three ways: static passive haptics; passive haptics with feedback and active force haptics. Since active haptic devices
are relatively expensive, there are few current researches, and the main research directions are still static passive haptics
and encounter-type haptics. Regarding the mixed reality interaction mode of passive haptics, the current research levels of
various countries and institutions in the world are not very different, but there is a slight emphasis. Wearable interaction is
mainly divided into research on gesture interaction and touch interaction mainly in the form of wristbands, skin electronic
technology and interaction design. Gesture input is considered to be one of the core contents of “natural human-machine
interface” , and it is also suitable for exploring the input methods of wearable devices. The key to realizing gesture input lies
in sensing technology. At present, in the field of human-computer interaction, the sensing technology for gesture recognition
based on infrared light, motion sensor, electromagnetic, capacitive, ultrasonic, camera and biological signals has been
deeply studied. As the natural interface between people and the outside world, the skin has been initially used to explore its
role in information interaction, and its applications in several aspects have demonstrated its advantages. The human-com-
puter dialogue interaction process involves multiple modules such as speech recognition, emotion recognition, dialogue sys-
tem, and speech synthesis. First, the user’s speech is converted into corresponding text and emotion labels through speech
recognition and emotion recognition modules. The dialogue system is then used to understand what the user is saying and
generate dialogue responses. Finally, the speech synthesis module converts the dialogue responses into speech to interact
with the user. How to effectively integrate information of different modalities in the human-computer interaction system and
improve the quality of human-computer interaction is also worthy of attention. Multi-modal fusion methods can be divided
into three types: feature layer fusion methods, decision layer fusion methods, and hybrid fusion methods. The feature layer
fusion method maps the features extracted from multiple modalities into a feature vector through a certain transformation and
then sends it to the classification model to obtain the final decision. The decision-level fusion method combines the deci-
sions obtained from different modal information to obtain the final decision. The hybrid fusion method adopts both the fea-
ture layer fusion method and the decision layer fusion method. This paper systematically reviews the development status and
emerging directions of multi-modal human-computer interaction, and thoroughly combs the research progress of big data
visualization interaction, interaction based on sound field perception, near-eye display entity interaction, wearable interac-
tion, and human-computer dialogue interaction. This article believes that expanding new interaction methods, designing
efficient interaction combinations of various modalities, building miniaturized interactive devices, cross-device distributed
interaction, and improving the robustness of interactive algorithms in open environments are the future works of multi-modal

human-computer interaction.
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HESF I, W5 R [ RE BERS 9 A% B 1S LY
B, B0 viScent( Patnaik 45,2019) #H T AFS,
R 5 Rl 26 AR (0% W S s ] LA B840 G B o A [m] 1)
R,

A SR Sy 5 B 4D 78, BR A £ T
FH AT BRSO A R 19 A AE 3 B R B vy 2
3R B AT AAR N, b P R B 22 A B
PARBEEE R . 5380, X0 TR 43 J0 2 4R O B 4 ]
AL LB A5 0 BT &, R0 58 8% 1Y 5 HL R
AT A5 B A AR e 5 B AR IR A AT
SR, 3 SRR )t FHAE AR iy Sk A & (49952 55 S, 491 2
R 1) o 45 BT 5 ) T o 57, 2 T R AT A A )
o [ Anfarts e 4k | 278 B 55 0 AR BE A T AE A
IR i 5 BT M RERIF SR
L 1.3 ZHRAELH BT

TERBHE TS B, b 1 Al Akt 3
A BT AR TR ER R BN A AR B AY 32 BT
2, LRI AN THE 3 428 (R KB vl MLAR Y 454
WO, SRS E LGB BERIR, 5T K F
TR AN BN 8 3 A AR B e e S b PR
AEJT, i ] P R 58 BAT Sy i B 42 i X R T
MALHYARR 5 B AR,

D) BT E, DR RRFIL FRChER
R slrisess T AL SZ B AR 1 i v AT 8 ) I T A
KRS H. , He T el 0928 B R ] P At T
e A (R L A R (A S TR o D B €10
TR X AR A H Oy SRR B, O
HAEBEIE 55 ] P AR B T AL o x5 L B
fi#t, W&l 4 Fr7n, Langner 55 A (2021) i 13 - iz firh
1 77 2 328 45 7T R4k BT 36 LU BE BT HoloLens
rh DL HE SR N 2

1 5 iR 0 S BRI v R Tl R 18 A2 Ly S
Fefih =052 B AR g B S b AR WL, i an, il 5
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(b) MLERGEATHUL

Bl 4 58 AR R 0938 L (Langner 28 ,2021)
Fig.4 Interaction through tablet touch( Langner et al. ,2021)

( (a)map visualization ; (b) nervous system visualization )

Fi7R, Usher 5 A (2018) B9 VR (virtual reality) & 4t
AT LIGE S R R P TR sl VA R = ) ok i
i b 22 B AR S5 BRSSP A ) i B R LA
FEHI P A H A BRI, PFRERR T S
YIRS G A B )7 2 K LS AU b R ICTE
S S a2 R 25 T P R e $2 T 58 HL RSB
o) 4, B9 3 B T 1 2 ) 18 P sl Sl i B 4
2 YRR T A AN 5 T 7 B i 400 5 1 o L
Ml B 2 B ST (Wagner 55,2021) , FH P Al LA B #5245
S TR B A X N £ e . LAk, Cordeil 45 A (2020)
fHEH] 3 APt S A bt S A, 0 P n] DL
PR P L RN Y b 02 2 ] N A 558l

IS i B ERER AR 2) B B A2 (Usher 45,2018)
Fig.5 Capture the outlined path through
hand tracking( Usher et al. ,2018)

) ETFHMLE, ShEF AL RS AR

) & S LI T T30 38 BB R F B 22 B
Z— o HET TN A TN AT R R A Sl A
FHE R SRAH B T-HE S48, 15 Bl P 58 ot £ 48
IERFE (Biischel 45,2018) , —FiH WLy T2 H.
FAIE RIS B HARTE 170, P ml DLl 4R 4
2B GG SOCAAM MBI XS,
THEIN X 25 22 H 7 =K B, RayCursor ( Baloup
45,2019) 390 T A4nE 6 FR BTG T 1 4L
R DR R R S B PSR RE It Ah | Fi-
berClay ( Hurter %¢,2019) 32 ¢ FH P #4240 41 19
SR 8 O Y T, WAL 7 TR

Bl 6 Pl MR K (Wagner 5F,2021)
Fig. 6 Schematic diagram of VirtualDesk ( Wagner et al. ,2021)

Bl 7 EFALEEH ML E T Baloup 55,2019)
Fig.7 Interactive design based on ray casting

(Baloup et al. , 2019)

R T OGE AR SRR ()4 1) gy, FL i an M
i 30 45 1 B ma o A A A OGS . ARl 8 (a) FTUR,
Wagner 55 A (2021 ) K H T TR Bam , 539U
Fhr A 45 B AR 58 BT B 23 Lk vl Ak A A% B0 | 4 i
FIERESFAAE ; Yang 55 A (2021a) FIFHWFS S
JEFF B F- ST RS R 4 A i 8 (b) B
7R ; TiltMap ( Yang 45 ,2021b ) 18 i 2 28 44 A% fi 2
FABERSEILANE 8 () BT /s A %t i [ T HRL Ak A8 A [
P Z [ B4, G2 7 7 =G o B T3 pa
W, BB PR TR 2 B,

3) AT IS E ,, P B 45 B
AT A B A R AR KB T AL s — s LAY 28
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N—V
Zoom & ‘ A

Rotate

‘ N
() IR BLfaEAc
TR B AL TG

(b) WF-GHER T
LR D)5 G

(o) P TR iR LA

I8 3 ik T o B 9 58 LB
(Wagner %8 2021 ; Yang %% ,2021a,b)

Fig.8 Three interaction designs based on gesture metaphor
(Wagner et al. ,2021; Yang et al. ,2021a,b) ((a) virtual hand
metaphor for grasping, stretching, and other interactions;
(b) scaling interaction for visualizations with pinch gesture;

(c¢) changing views with the tilt of the controller)

0

19 it IR 3B B R 58 i B bRk #0938 Bkt
(Sidenmark %5,2020)

Fig.9 Interaction design of target selection through

eye tracking technology ( Sidenmark et al. ,2020)

BRI, BT 22 B A IR S R R AR
FHUR IR AR 0, TS ] P iR e b AR s i 45 2., 1911
WRYRETOCER N2, 3808 P O EUR RS, i
—, R GE AT DKL Tk 2645 B 58 U A, i) s 5
FIRIER N A (Kwok %,2019) . Sidenmark 55 A
(2020) f FTZ ARG BT A& 9 Fir s 7E g AU, 3 4
Yy vh g £ — SR I RS i WA . T P L A e B
AT PR e 4 (B ST ) A R A £ )
KRRk RSBl DA ITTRG M kb3 v e 38 o P A AR
Alghofaili 55 A (2019 ) W fift 4 S 13212 B 2% (long
short-term memory, LSTM ) 1% 74 X F 1 R 2 %5 95
A3 S RIS DT S BT P P o 75 335 7 4 i ) e 40 3

B AR Pk S i A T B R b

NETBHIMOLE, BhFAMBREER
SEIUTE R IE 3 b B REE nT A —
ANEEAZ ERAS SRR 2 [H] 2 S s
[ R VC LA B0, 52 M FH P A J 40045 [ v 3k 3] de £
WG FARIRR AR T . Wik, 2 B 3 S i n]
DIGHBIF P 4% 8h 3] die e 04 L2 i, B 58 (] B AL 28
B AN — SOME W R 19 A4 R GE . Abtahi 58 A
(2019a) I ST 3 A2 G0 1y 50 R 30 o 05k
(R Bt A5 P 7 A /0N f B S22 () PN ks 7 50l T
AL R IZS (], oAb, B AS sl H R i — 20 i3
i T D7 LA R T et . 2R AR FEHE 2 7
BT E AL (Funk %5,2019) {1 3 4 46 0
YT 1% (Yang 25 ,2021a) DL R AE FH AR 1) € AT
h1E ( Drogemuller 55,2018 ) 45
1.2 EFHRBBMNTE

FE T AN A8 B AL AR BT AR R 0] 43y
DA 3 Bl 1) 00 TR0 e s [ 3 % 1) 7 5 0
M e e I 1S 850 P A R PR AR A 5 2) (R 2
Se XH/ BES BY RNEE (F) SRR E A, Al
T 3 R R A R R A AR T RS
PE;3) BLas 5 2 B UM R E b 50 AR B ElE Ak
R FAR T RERE RS T B T
SRR AT R,

AT NI 75 S N 1 sh VR TR B R
PEAE HAAR BE T RIE & 15 B 115 2 B 58 LA
R 5V A% 1 1 AR S5 1R 4 AT T 25 [ B
T FEGEBAN AL B AR,

1.2.1  FETHE R shER

BEF 7 SR S AN [R) T35 5 s AR TR = A
PLEE BRI E N2 56 T F el 3 A8 ok s
YA Rl ST Sl s AR r R, e an i
FHL A9 22 5 R 4% 38 - AL 2 o5 15 0 A T 3R
51, Roddiger %5 A (2021 ) F| I P9 B 22 5 KU T
SRR 3G IS L WD s B S R B !
RO AR 2058 2 23 38 4 75 25 Sk 4 13 4% ] 1R
(75 3, it o3BT 22 5 A 52 B 145 5 A8 AR TR )
AR T4, XEFEETCA RN o 45 5 [ e 15 4%, F
FEMASEHUON T FAE2 H ) 45 85T
#(Ruan %5 ,2016; Gupta %5 ,2012) , i FF F i
R E I A LA R W N 32, Han 58 A
(2017) 813 T2 LAY RRIR HEAR 19 22 52 XUBE 5108531
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TR RS 0T AN R ALE T R4 AT
BemBand ( Iravantchi 45,2019 ) Fi| iy 48 75 I {E
SO T X TR AR S TR BR
W2 A AR Z 50K i 5 o S IR B 3h 5 5
S LA I SE OoRs 4l 4 sh AR U0, B Ward 48 A
(2005) FIFH WG A i iy | 1 22 5 XURD B B2 AR AT 2o
A AT HPUNAIRE . T LA A% R A B F o
B HETE B2 ARG T S i 1 U0 A0 e
J# 5K | FingerSound ( Zhang 45 ,2017a) 45 FingerP-
ing( Zhang 55,2018 ) YR I 45 76 HoAth F- 45 L1 45
5 A1, B FingerPing FIH T AR 38T 19
HIRAF B, W T XS T B R ALY 4K A6, TapSkin
(Zhang 45 ,2016) PR3] 1 T TR BT K Bk b 09 5
SFHREAR T AL, BT FRIEARLT I
IIIFTEIRR T P A S AR i S8 L AT AT
# Acustico( Gong 55,2020 ) A1 FH iy 1 0T 5 11 7Y
s I TR PR T i 2 4RO E T
ZZH i A, Pentelligence ( Schrapel 45,2018 ) 1 Writ-
ingHacker( Yu 45,2016 ) F| F1ZE | 22 7 X4 1 ff b
R P RS I EE 1 Ono 55 A (2013) F1 1 3e
R E 22 s XA T P B9 i
1.2.2 FETHIEUEMASCE IR

P A N ORSE TORS B A BE B, SN
[F] B4y P 2 DU B 7 | T LA B P i 22 v KU R
PR = A A, BV B A IR 0 A0, A2
PR T D7 045 56 T 2238 W 300 | B T AH OGN AR
TARALAIM PR TT 12, A 7 Ak R GE bz BT
VI 2% 22 I (frequency modulated continuous wave,
FMCW ) B AEIT AR H] T A2, BT LA bR
DFEHA AT PLSE PP B R S BAOR

BT 228 WSO, T8 AR AR AR OR EAT RS B Y
PEEITH, AAMouse ( Yun 55,2015 ) S T P {31 4015
22 1.4 em WAEIRIE RS @B B T rh R s s ny AL
BT BRI DIRE . R TR SCOR IR Bk 1 []
7, BeepBeep ( Peng 55,2007 ) ifi F £& 14 98 Sl {5 5 A
PR B SRR R AR 52 L 1 A 5 ) JRE K BOHE T ) B g
B, Tracko (Jin %F,2015) 3£F BeepBeep "4 H 114
Bk G BLE (bluetooth low energy) Fll IMU (iner-
tial measurement unit) , SEP T B #5[R] ) 3 4= [A] 5%
M, BT T8 T 08 3 T B B A 8 B,
LLAP( Wang %,2016) S8 T 4.6 mm [ 2 436 B
KGR, SEBL T A R R A i i T HGB BE

SoundTrack ( Zhang %5 ,2017b) N FHZE L) £ AR AEKE:
ARG EY R T 3 423 b)), M N &5 a8 198
PHA 22 ve MR R RE T3R5 B 1 X T8 1 4k
BEE, T FMCW R, CAT (Mao 5,2016) il i
455 Z WA IMU ST 8 ~ 9 mm HYIE ERAE
B, MilliSonic ( Wang Fl1 Gollakota, 2019 ) #]
FMCW Hr A5 Bt ey Se il TR TR e T
PLE P22 ve KBRS S A0 3R % T 2.6 mm ) 3D A%
B i — 204 TR RE A B R g

R T W68 BRI M A IR 18 & i w] LR
FIBGE IR IR HEAT5E 7 . FingerlO ( Nanda-
kumar %5 ,2016) L A 1E 22 45i 3 5 F ( orthogonal fre-
quency division multiplexing, OFDM ) 4% K>k i8 & F
T8 1Y [T, AN EEAE T4 AW A 1) 1% et , 5281
TR EE R 8 mm 1Y 2 4ET-H51E %, Mao 55 A
(2019) FIFH EAR T FHE 00 S FHF 5, L T — A3
F RNN( recurrent neural network ) [ 5 18] ] 18 F
HRIBEE RS, X RS E LT 2D MUSIC ( multi-
ple signal classification) J5 %45 2| ) £ic4li i A £ RNN
HOR SR IBL I B B A A B 1E 4.5 m JEHIN
BEIT 1.2 ~3.7 em MEEREE
1.2.3 FETRNIAS R 2 6

ARG VR 25 # 0 oE 7R = iR P g aE
FIEE RN E B, Goto A A (2002) 42 i
A A o A b i P AR T & AL B R S A 3 B
AN R A TR A B T Az s T AT P A
P 0 & A AL D) B i i A BL K (Goto FF
2003 ) , LAK I JH T 5 v A 452 00 A0 5 e X i £ %)
A A S MBS 35 (Goto 55,2004) , Kita-
yama %5 A (2003) #2£H TR H B RiEF RGP R
T G A A 7 M 65 A 1) i ARG T 0D £ Mo P
Kobayashi £l Fujie(2013) #F5%8 T A—AHL#F A X
IR iE 5 P I, Maekawa (2004 ) 5 Fujie % A
(2003) Bhie 1 &I AR AR I Fujie 45
A (2004) WF5E T A B 515 B SO R 48,
Harada %5 A (2006,2009) #F5% 7 FIHoC & B i &
A SR RO EARE R . House 55 A (2009 ) 4
X — REVAEUHE 282 30 ) P 3% 28 75 o R A A ) 3 AE DL
¥ lgarashi Fl Hughes (2001 ) #F5¢ T F|HAE 5 1515
SRS T E ER A AR A S R
1.2.4 s b s 500

VEAEAR | 38 AR AL A8 AN BT 2, 7l S xh F
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AR AW, R Z 58 B T 58 5
WA B AR R Al AR A R T A
BAE 0 S AP R S (AT AR 7 S o 2R R
A G0 Rossi % A (2013) 31 T FFH BE TFHL
2w WS I AT 28 B2 A 5 IR B R 48 Ambient-
Sense,, i B A A 1 75 BRI B R FH E A B
5 A SRR U, T DA | AR BT P 00 A 2R S
1 Thomaz 55 A (2015 ) £ 1 1) FH g 308 8 400 15 8 Fkf 412
B, AT S HEWT PR B s ik, S
B P TR BRI, Amoh FT Odame (2015)
2 10 R FH T 25 50 2 A SRR 4 5 R 28 I 24 A6
MBI . 5 EREE A S A TSRl X
AR PAT R, L 28 (2009) A FHFALE 2 KT A
METE S (JF 4 TR A A EE) B BIEAT T
., b e A & S A, o i 2
FARRE 2R FHLTF 3R 100 PR 8 ST (7%
W HREE) .
1.3 RBAUEZIWXE

i LR SIS R SR T 28 B vk
FRN“ 238 H 54 H” (Ishii #1 Ullmer, 1997) o £ 52
WA H RGP 3 i (o P A S PR TP AR Y
SRS BB ST A, T PR S AR
B FIRE M (AR ) B AR, i DL S
2 H B FE B AR HE TR AK ( Zhou 45 ,2008) , IT4F
K, K S A BT B A Rl R HOL IR S R 5 3 S
O A AR SR 1) — A~ 7 10, I B W8 B T 58
PR A BLSE™ WA &, 3t 1E 29k 30 77 fis b 1) Ak &
Fehit, 2017 4F, Zhao 55 A (2017 ) ¥ 52938 H 1Y fik
WA R 3 AT ) BB D) il 2) B R
R 3h 7 il e (B AE 38 R M vE ) 5 3) 3 3 7 fi
B, BT Eh R E A A B, R E AR
A BT T 1) AT 2 w2 (B B0 g il i A A i 7R
fil e, & T8 Bl g e ATR A B SE s B S, B AT
FEI PR A E MBI A58 K 22 5K, (R
A,
1.3.1  FRSMHESh 1 flie

FERAS RS i J5 18 IR 28 2 KA
2 FE 2 RF R 2 AT BN #2 H 3F Thors Hammer ( Heo
4%,2018) A 2 PHANTOM ( Massie Fll Salisbury, 1994 )
PiFP A LA R R PE R AR 5T, AR 10 fr s, il ad
1 1 IR 3 S0y B4R B 20 o R ik i
F, B P A b sz DA SRR ), 9 HL AT LA

T 6 S S R X FE RN R A TR . RS
B B0 77 fil B AR VR A SR A S i A B —
PR R, (HIX SE R P8 ELAE TR A 1 0 40
HEARPUR, 33 R 1 BB A R, AN RE 2 A H Y
ok PRI, A AR 4 () 9k 2 ) v A i i A=,
FREZW L RFEN Araujo Z5 A (2016) $2H T Snake
Charmer, ] D) 21 25 1 24028 52 BG4 SCVRFAE AR
J A 8., 76 A EE v i Y AN [R] B X SR BT e 8 AR
R fl v R BE A — 3501 (Lee 55,2006)

10 AL b p e 5 15t (Heo 5 ,2018)
Fig. 10 Haptics feedback in virtual reality( Heo et al. ,2018)

1.3.2 AHIBAIBLS) ) vt e 3 ol ot B £

FL7E 1993 4 McNeely (1993) 542 H AL 25 A K
JE (robotic graphics ) FIMER , ik Sk fi iy ) HAA %
RAYME, I EE P LU 50 HLas AR IR IR
B SR MY R 5, A XA e T
RAMSEIHE T JPA TR, X T4 i
(8% B0 1 fih st R G, NAE BB B A R B B
T3 G0 00 28 B AR 32 BAT 0 TR URITL
v A 3 KFE(Huang 55,2020a) , 5 HAEIME L+
WA AE B 7 ——40 HTC Vive #1 Oculus Quest A9
SEHFARAHLE 56T 9 5l g o TR & IS A2 57
AT EH P R IR G S 5 vh B LSS iR AR W)
A IR Ty I it

1)l 28 o S i i A, nl o i e
WAL e 8 e IR A5 T =, BRI
FRGE7 A1 ) B s S e P A ARk
B b VIR T s ) Rt A s, 9 I S HELAR R
2B Choi £ A (2016) #2 H Y Wolverine F&—~ Bl
(15F . Wolverine i i {I A 42 F G 1M 1 25, AT
VLB FAEARE N 3 AR T48 Z 8] 7= Ay, AR ALl R =X
BERFAYR, EI IR 2SR RIER . fERIDAE A1 O
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SESANZESE

FRERBURIE 100 N ARG, (R, XL 57 8
BRI R T TR A IS8 BR 58 v b Z5 1) )
FHCE P E A —E AR I EELL SR T
ZH.,
2) FHpaUhor e e, T =0 o8 5 o5 2l i
FHP BT BOST-HR 15 22 B, DT R 52 31
Jisst, BA AR BFFE N B AR 5UR 2 1Y Tran-
scalibur ( Shigeyama %5, 2019 ) A M JetController
(Wang %,2021) , Transcalibur J&—/~1] L FH5 )
2 B VR #Efilgs T LATE 2 4V 18 2 ] eic2s H 5
SERRPE A BE A JFURY | I 10 FH 500 B 2l 5k R UTT
Rtk 5 AR Z (B AR O 2R, i T Rfa il 4%
AT LAAE RSB P TR 3 e R, 9 HLT L — =2
PR b FEARH P AL R, (TR0 v 5 5571
TR SN E 25 B A5 W] P — BLAE 4 ER B
PO TR (X LA

3) Mlas A=t B i e ag . Bl A=k o S
e 2 LA ] 8% sh sl n] AR g AL AR 0 ot 4G
PRAEE ST R Bl A AT AR 4 0 vt Oy 2, R AT
PLE#IF] 2015 4F, Cheng % A (2015) fdi Jf] TurkDeck
(75125 15 B TAE N 50F — F 50 38 B i iz Fi 2
% g FH P BRIV fh i 39) 1) 9 s 5200 ek P A RE A%
AHH) W E], L RE AR R B U EE , Suzuki S A
(2020) 7E ML FEht 2 E T Roomshift 77 1%, i i
S A TR A B S A8 LS ] () NGRS Bl AR B T Y
S AR, $E it 2 Bl 2 B OJr L, Abtahi FF A
(2019b) #&H T Beyond the Force ( P. Abtahi) , il i
A RAT R TCAMLAE A i e AR, 2 (i 30 A5 1 9 3
fibd . P11 Fras i 4 b AT HET AT LA SCRE 3 Fh
TRE : sl fhnt i 3 25 5E 7 | SO S R Sy Tl 22
HweshiE R, i H, o AHLUFE R B TP AT RS
3, AR T A HL Y S S

I 1L AT B 20 i B2 5 (Abtahi 25 ,2019b)
Fig. 11  Encounter-type haptic devices( Abtahi et al. ,2019b)

1.3.3 kS ik)E
TEF= S, Facebook F1 Microsoft J& #1581 A& PA

SR B 7 fih vt 28 B IR T, 2019 4F Facebook
OB T 28 H 36 B Tasbi, — @ ELA 7% s FIEF & AP
T o7 2R fk B B0 5% AT . 2020 4F | Microsoft $2H T
PIVOT( Kovacs %,2020) , i 52 A] A5 JE A4 38 .25 B 51
PSS A AR B B fh 5 S 45t . PIVOT J&—A 38 7E T
A e A, P AR S R i P 4 S IE
FF F . Dexmo TE 2020 4F &7 T #Hr a0 fide F& |
Dexmo SN FEHIVER K, 1% S a4k i 3,
Dexmo filtt T8 L RFIREFZ3K 11 A HE T3,
AL LR I A AR P 58 3 0 - sl Ve DA
FEREPLIASE A 1 B TR, AR
S B E Y TeslaSui A2 7= 1 X% 4 B $2 4L 4% 86 77 finh
BB RS, L i R i v A% i ) B AR A A AT
DX 3, DI 22 1 il BB 380 4 7 1 T AR IR A B U B e A
FEREH A8 S LA YRS B SR A e
We e TR F B Y TeslaSuit AT LA F TA $h26 4 |
LRI AR FBT R G,
1.4 WHEHIZEH

F PR ] 2R 88 B B N L FRTF AL
F Y F A B A 58 B EIE R TR S
THET,
1.4.1 FHZLHGSHEALH

FHEAPA AR B AR AN %
DN Z—, RS H TR A& W A7
K, FTITF-HH AW A T B A, HETANL
L H ARG T W3 FLAMYE 28 B
HL L RS U AL A 15 5 4 T T 3R
TIN5 N S R <92 A TN o3 D1 K € S S S
Aot Bt T HLA A5 (electromyogram , EMG ) 7F
FHIL 1w N (Saponas 55,2009) , EMG i i
N5t FEL AR OGS 22 [ 114 B SR SR L PR 3 2, 3 mT A3l
R A (ZENUA Pk ) s Rz Jik e T R4 7,
FEE Py M K22 1Y Chris Harrison ] PA ¥T 26 4E
PRV T 38 35 7 K R 3R Y 5 R A T 2 T34
PR ( Zhang %5 2016 ; Zhou 25 ,2016) , i i — 7k
e i 1) 48 & R 5 5858 H TG 19 80 MHz,
1.2 Vpp WG, MH P BT84 i Bz ik st e f
SOAEE R TFEAL I MRS, 5T T ER Rk
4% | 38 I B T 2 AR b I S AR 22,
AU RS SO S 2015 4F R R AR K Soli
BREE Fis PR T s W 25 R F 3Bl R, T LLE
S 2 KON T B ) -4 #5532 3l (Lien 5F,2016) .
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RSl R (1 ~ 10 kHz) \150° 58 B9 TR ik ko, &
SRR Z A S S WU O RO S I, T SRS
BN T 1 & R R I R0 B SRR I AL 2 > HL
ARICHA AR IR B FE AT L BOR U T34, X
FRRFER BT 1% T 35 1% B O AR T4 i m] 2
AR A

el FH A vt R A0 R X F, e Dby S 3 B R B T
FEAL TR B AT TR R B T B S
PP A b SEB fk 42 0 HAT AR BRAE 5 I Lo
AN ARl SE 2 7R (19 D BB ( Withana 55,2018 ), S # filh
"o SRR A B JER SR T 1 28 B B AR A 0 O X
PeF Kk BB fil sk RN e 71, FEE Y Patric
Baudisch A1 PA 23 138 i iy 2 78 B2 ik L Se 93
SR, T 5 HLAS 5 U P B AN AL Y
FAFFIERR (Ton 25,2015) , & FE B3 AR B A
PLAC H. AT BAERZ 1 F B I8 1% fid v xCFE 48 |
PP IR B (Je 55,2017 ) , DL Sl 2 <3t
TE B2 ik 22 B 5 B AE 4 b =X 09 15 ) il g% ( Lee 45,
2016) . fNERZAEZRFAF AL & R 7E T i b
SCELEY I AY i 5 [ 5t ( Gupta 55,2017 ) |, 38 o 458 i 9K
BIZ ST R B 7 A AN RS2 I S At 9% O
AR KM Sean Follmer HAT B 13 15 11455 2 fish it
AT R ASEAUL K 40045 4 ) 4 1% 1 ) S A5t ( Choi 4,
2017) o RGPS R B8N #5838 2 AN X FR 1Y Bz R
I A SRR AR YT B AU ), X 28 AT LA
hy RE AN AA 1 B g RIS O
1.4.2 HWTRIKZH

B JRAE SR NATT 55 B 5 e 14 R AR BT, 40020
TR B A E A VR R 175 18 A H]
HREE TP TEEERR M K- Jirgen Steimle
VAT AT SE4F 1 - L Sk AR IV E S B 40 VR
F B2 R S A K Bk B A SRR | i 55 T SR 0
( Groeger Fl1 Steimle 2017 ; Olberding 45,2014 ; Weigel
il Steimle ,2017) , AH LTS8, AMTI7E A 214
JBk b #% 3l 45 WA 5 0 R 0 8B AR Jr =
A7 B ok 3 TR e 1) 5 2 T T v, S B i
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R O i T SR T R AR S ik BT ) T
FIHERME S (Weigel 55,2014 ) . [RIRE 2% Bz 5k 51
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I T T B2 IR E AR Y J7 2 i S (Harri-
son 4F,2011) 8¢ F WA (Laput 55,2014 ; Xiao
85,2018 TR T R B, O o TR EE A
PLBRLL AN 55 J5 SR TR TE SRR T AY %, 31X
T 7 AT LA b SRR Z AT P B ok S T )
o R RS AL T 2 UL, RV A S 2 4R S5 B
JEvcsE . [ iZ A BN R GE M ST T 48 SR Y &
PSS 2 A ik 45 5L TR I 1) T AT MR ) R
(Harrison 1 Faste,2014) , ¥ J5 e W58 B/ &%
YrfE, XET H A AR L b R TE KR b SR RNt
fih 52 B AR

T3 —J5 T, W90 AR AR B IR S T % e
i, a2 a4 Je R A T AR E A2 B 6
INER Autodesk W 5% Be #R 1 1 an el #1) A T
() K IRAE EE— > 3D AR A& -1 6, JF s T
PRz R oA s B AR R ( Gannon 45 ,2015,2016)
EPEA AR R E AT EL T P TEA S B B
VAT AT IR 2 ( Saakes %5,2016) , R /R
REFH AR K200 Charlie C L Wang A A 723 FH
12 A O B RATE b AT IR B 1% [ e 1 o A%
IR AIHTET AT BE ( Zhang 55 ,2017¢) . FEERRE BT
2# B ( Massachusetts Institute of Technology, MIT) A9
Media Lab ¥ & T 2230 LA AR R 15k A JE il () A &
REIH 1 ATRR 1 AR B A TG bt
B N K R 2 G i A et il DL AR A
{E.(Yao 7,2015)
1.5 AHMERE

AU 58 B3 A0 Rt & H 0] s R ) %
RGN G G A 2 H R EHEZR N 12
FiE7R o G, TP A T e 1 TR R R
UM Al SR AR B SCAS FIV bR 2 . I, %
TR GOR IR B BT B Y N2, A R
W T A U B X G ] A 4 O T
B, 5P T 52 AP A2 B 1P BEAS AR

Hj )_l 4 N\ 4 N
HiN TR

—Pb N
O HREi1 "
\_ S ,
i
A
e N
ah ¢
“«—— AL

75 !
it

B12 AHLXE A2 HAE SR A

Fig. 12 Human-computer diaglog framework
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T X6 RGN B, S B R TR & (1F12) IR
S RN T P R R B
BPER],

L5 1 iEFEH

H i Pr5 E AR TR R R SRR E 4
AN JR BRI A VR A I T B 5 A B A2
YRGS PUNBR R R, SRR E ,
RCHE 3R 1 PR R 5% U TR0 A A R T

H A B b A X R AE 3R o R 1) 32 2 DA ) THT
HATHIFE , — 7 AP i = & O, S Wil
BUI, DAk BAR U A PR IC R REIR 5 55— 5 T
SEBFFEAE B A58 75 TR0 38 Ao 422 050 A I ) P
ARG NI SR ZR 58 Y DU E

B0 28 RN B 5T 22 WA —
Fp 24T %) RNN-Transducer F28 JE 17 2 ifE | #2108 17 5%
I UFfY Transformer-Transducer ( Zhang 55 ,2020a;
Yeh %%, 2019 ) . Conformer-Transducer ( Huang %%,
2020c¢;Guo 5,2021) , KU fif i J5 % ( Sainath 4§,
2019) e, E—2E 4T T 2T Transducer 3 2
PUNBY ARG 3 . 55— Bl e T ALl iy
2 15 fi% 45 A5 Y ( attention-based encoder decoder,
AED) it | S R 2 B ik L B T
B 1L ( monotonic chunk-wise attention, MoChA )
(Chiu FI Raffel ,2018 ) , HAf B (1) 3 2L MU MoChA
FARYTE Transformer I A9 3 BiL DA K % 38 1 il B
BOW B 53 G T RS 1Y 7 B DL R B AT 2R
(Inaguma %§,2020a,b) .

FEXEE A M PUN 7 | RS, BRI 5E
B AR BTSN R T )
RN figp Ay B (0 I P RS, A 1 T2 RSB B T
1E HAK1E 5 AL B (natural language processing, NLP)
GUSANTE & SRS TARZ G . AHXHEEA [1H
TEE U (R S TR A bt AP A B R A T
WESER, — 5 T Fe il i St 2% TN W) b br 2 | e b
#8 UEAT 2 4% 5 % 42 (Chi %%, 2021 ; Higuchi %5,
2021) 5 73—y i i a2 R A K B T
i Bt 1 75 ORS00 A5 B 58 B Y f )y A7)
( Chen %,2020a) .

VAR, E PR B 1 BT XHER B I Ui
155 ROBIFSE i i), 5 R 1T A B R BRI 2
A ( Schneider 5%, 2019; Baevski %%, 2020a, b;
Sadhu 4%,2021 ;Hsu %,2021) , i BAARMER

WEAZ Facebook ( 2444 A Meta) £2 H 1Y wav2vec F 751
TAE (Baevski 55 ,2020a,b) , Hofki A & WY B 3%
Aty SR 7 A ) iR O R A R AR X A 2
) PR A TERIS A T S5 o Be A A L SRk
AT B B ) R TR AR I EEE B TR0
1.5.2 EERE U

T I RAEONAIE A 0 S B BB A8 SE AR X
PUNGERE , BN AT Re AR 3R 3, AR )5 64T 7 2R 4% X
T, FAESR I BER 208 T T TR 5 17 2
R AR IE, KA b X 86 75 2 R Ak 7] LAY
3 28, R R AR A SRR LA K TORRAE
(Zhuge %%,2021), FFiE T.H openSMILE ( i 3C #f
£ 2014 ) 38 H ] T4 H— 2o 28 Y 1 R AR RRAE
£, Zan TUREES: > Hidw K, FI IR FE p 28 1)
2% L DD 2 5000 i SR IBURRAE I A7 2 28 1) i 28] i
2 2] u B s A X S B DA B
()R TE S 155 AT (Eyben %5 ,2010) , 47 19 1] A A5
3R B T 3 AT (Tzivakis 25,2018) , P oML A — 88
IFF R IF 2355 79 2 2 4 v 3] o 1) 3 & 17 S U3 (L
85,2018 o Hh T A U %) B4 A AR EE
BN, NTBOHTRE M MBS ST A,
W27 > B P 27 GRAE 7T R <3 T & V2 AL RE A
JERREL, A, —SEF 5 (Hershey 55,2017 ; Zhao
85,2018 ) 2R FHTE KA E IR P - 001 2 1 R
JEA 22 0 285 (HNHE TR ZE R 2% £ VG Gish ( Bakh-
shi 4§, 2020 ) . Wavegram-Logmel-CNN ( Zhao %,
2018 ) F1 PLSA ( pretraining, sampling, labeling, and
aggregation) ( Kong 55,2020 ) , LA M % F Transformer
# AST ( audio spectrogram Transformer) ( Gong %,
2021h) 55 ) FEATFRAE LU, 248 o AT LAARZE TR 1
TGN BEE A IEAT O . A2 4 T il KA
WB IR 2GR, H T2 A A D8R B B
= B 7 O AR TE BT 5 vh S O Y
FARALIT TR U 4 0 U AE 55, 2 Mocking-
Jay(Liu %§,2020) , Tera( Liu %§,2020) ,wav2vec 2.0
(Liu %§,2021; Baevski % ,2020b; Pepino 55 ,2021)
S, WA, R TR S E SRR UER WA —
g M Ay E S ESE IR &N ISR FE 2 ¥
TAE BRI BBF 5T (Li 28,2021 Yoon 45,2019,
2020) ,

1.5.3 ihEA

FURUTR & A BT 98 2 2R P R i P o
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BREAL LA K 75 i i S A A f S 2 vh | DU e 5 i
B BARRE I, JF R TR N AR B AR iz
fett, EAkHL  4¥ 9K Deepmind A58 AR H T 3T
R % 2] 1Y WavetNet ( van den Oord 45 ,2016) i
A AR AR AT LA A SR A TR e A T
B3O T R R g X 1 HEAT S B T BN
PR TRV A RN & A2 AT 55 TR RCR AR W 4
2017 4 1 7, Sotelo %5 A (2017 ) 4 Hy 7 —Fiv iy 2] oy
B TS A AR Char2 Wav, FoA W4~ 4 A%
FRAY s — RIS A — P A A g, SRS T
PR SOA (B 2R BN PR 5 75 SRR IR 22 (] B e 5 b
25 7 5 s U AR A5 75 A e P 2 P A i e 1) P R
A, AJE EF, Char2 Wav ( Sotelo 45,2017 ) & H.1F
B ErsmBmiE ARG . AHEARAR T
— B i v 2 i 1 A B R St Tacotron ( Wang 4%,
2017b) I w] W AT B A e R R Y D
LEATTE R SR R LR HE S Griffin-Lim 58515
A BIES . AN, BT Tacotron J&fEMWIZE 1 A
WGE B LVE RS | BH )7 g 2, 0F5%
NGt — 244 Tacotron Fil WaveNet #4745 4 ( Shen
45 .2018)  TESL SRR A b REAS I B4R 56 A S UtiE
MK O T3 A BB, — S8 R i A i AR
WA 3 3 & (Valin F1 Skoglund, 2019 ; Yamamoto
4 2020)
1.5.4 XGRS

XoF ik ZR 8 A £ BE 300 43, W] LA 53 SR AT 55 8%k
RGN R I35 R S8 Tk EAl oy, nT LA
BTN oA T B 0 vk . T ER
Ti s B S A AR TR S B A OG5 B A AR
WEEA 3 M, AL — D BN RG, X
RS R IR 1Y 7 225 S 3158 25 4% 346 [0 R, PRI I 3
i B 3 (4 77 2 H HT O ERBIRTE RGE T E

Ay e 2 S Xof B R G P AR R UME LA Rl
AJHEZRRY IR, Eric 58 A (2017 ) 51 ABE{EAG 2R 19 2%
AR EAE B, Madotto 55 A (2018) 2 H T
Mem2Seq ( memory to sequence ) FREAY R FHE6 & 0 2%
THURE R PE A RIS 3G R GE . Wu 58 A(2019)
MHE T Mem2Seq #E#Y, 41 H GLMP ( global-to-local
memory pointer ) 157 ARSI R Bl T G R4 2
HIHEAT 0k, O BT B 208 BR A 22 R 2% Bl i) A=
XS TR

BR 1T SCAR BRI R G, N IHE SRS

TERG T T F 2 TAE, Barbieri 58 A (2018) 4R
PEXFE LR SCH emoji #1 , Haber %5 A (2019)
BT —FE RS AL Pl A RES Sl
RIBLHE LN A
1.6 ZEESHE

WA RS I E BFEANZ B R G A 3L
e SR AN B R B, AR OG0, 2R
Al AT IERT 4328 3 i RRIE 2 RGOk (DSR2 il
G VLR A Bl 775 ( Debie 46,2021) , 3 Fifh
BITEME 13 FiR, FROE 2Rl E O 08  Z2
5 HP A B R A 38 ok A L 46 B S A — S R AR ]
T A R AR R R4S e AR DSR2
G I A B AE BRI PR B Rk A iR &
P S TR B RS T 1k [ B >R FARRAE J2 il 7 1 ke
TR AT 90 ] LIk 5 PR A R A1 38 2o R AE
JZED A AT A S5 3 PR SRR SR AT () P 5 o
TR R G ARG RN R AR
1 R |4

ﬁﬁzaﬁﬁ%mf;7%—»%g*ﬁ%ﬁﬂ*&%
- A

feiss — RN
(a) HEIE SRR

tous 1 —~ R~ | - vk

mﬁz*%ﬁﬁm*ﬁﬁﬁﬂna&%bﬁgf—»m%

By — R~ ) - v

(b) PR 2
T
s R R s
w2 e | S fri 9 e
! 1 /,»} A _'y%ﬁi

=]

B3 PSR- - 2
(o) IRAHL G
13 3 FA[F B 2B RE
Fig. 13 Three different multi-modal fusion methods( (a)feature

level fusion; (b)decision level fusion; (¢)hybrid fusion)

2 ERHARERE

2.1 KREEFHULRZE
2,11 REdE AT BET

TE B AT AL U N 1 % e & 8 3
FE I L, B AR AT VF 22 T A0 BT AR G BT B
(Chen 45,2021 ; Wang 55,2021 ; Deng 55,2021), iT
A PR A RBUE " AALIS B TR R WL R Y
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Ye 25N (2021) R T WK 14 FRi G4 5P E
BRI FERC IR 22 i 2D A1 3D AT R AL AL IR A )
Chu 55 A (2022) R T 456 & Bk ™ i P BBk %k
P ZANRAR Z (B A7 A2 1 25 S P IR, &l 15 fi
o HHILAT LU Y, Ui SR B s vl Ak X 454 43
BrRUR R AR T A B0l DT

O <10° HUOHBES O <15°~30° WAL ey

& 14 2D A1 3D ATARALEE A BT ( Ye 45,2021)
Fig. 14  Design combining 2D and 3D

visualization( Ye et al. ,2021)

K15 3 4e BB AT AL (Chu 25,2022)
Fig. 15 3D badminton tactic visualization( Chu et al. ,2022)

ERAR L Ah2 3 e DR 2 R B v L A
W5, B A4 TR A B B, i A2 TR B R SRR T
B AL IR SR IR AT ST
2,12 AR 1Y 58 B Bl

R AT AL S L AR A S8R 22 X
DA e oA i UL, 3 e BB i KNS e,
AT LA P kb 2 U0 it SRR R 38 342 52 1) o AR AR R
B HESE N (2021) i FH HL R S R BRI T —Fh 28
HI7 gk DT A TR ORI )
WE 16 Fis , P TF AR e S22 7T L3R
PRESCF AR T 2R 57, RS H P k45
T E TR P2 T ARETE R 2R RER
FE— vt R g b, A Y 3 4 BN rE 43 Hr
TR T BRI, IR 17 B, B s R
(R 75 PR A N (2021) 3 2o — i B 6 G Fn LS )
AP 25 A T AN B DL 55 e 1) 4 A T e 8 LS
T MRS 22 Ff 20 b X G2 08 o0 A & 5 5%
AR FE R A X T X SR 0 3 g,
FEFII T AR T U BN 2 5 E5 A 3ub ik T

el B gt

K16 A AFARPSLFE I RBCRIGH 5F,2021)
Fig. 16  Force feedback of guidewire during

interventional surgery(Zhao et al. ,2021)

BT BOFXSR (A LA et i S5 (A7)
(&P 45 2021)
Fig. 17  Digital object (left) and the rendered
real object (right) (Pan et al. ,2021)

W e B2k 2] AT UAR [ P S8R st Tt
SE A BRI B R B Z VR R T E AN, X E
W R P IR R T I A i
(TiESR

1) LT 5, fldas SRR B 2 A
BINEL AT R B PR B T AR SRR TR, {1 O6R)
FARSFBETT 13 B A R3S Bl =X 0 aT #LAk KB
PEATEARERAE , BN T8 fahdes 28 fab gz | 3 5 A s =X
ZEH AT SE RO EAE e R | ATk P S

2) BT FHALHE, PREAHE KZH) Wang %
AN (2020a) & T —& 3T F3W B WL RIET 15 1Y
SEHJ 2, PS8 AR HEA TR 8 55 s, 5
RS s A BBE—AF . WL K241 Ye 55
A (2021) B3F T H 40 093 B BRI o H T K
PR T | S BER T & A8l VR T4, AR 4l
RN RE I T FWR R 3 )7 ) M 8l
JEAREl— 2% RE UL A0 B B BRI , O A LA Bl v A
B Z AU B I+ 1T 8T

3)ETHEMAALE, LB BB AR AA]
(AL £ i, T LAAR RS T B X 5 0 00 4 7 ok 6 11 A
F5R U /0 TF3 58 B4 R A9 57, Hu 55 AN (2021)
2 1 1Y FixationNet 7] UARH8 AT I 5k B A
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PREBAT 55 (T G2 L B FH P 19 Sk 0 8% sl sl 5 1)
FE VR H I 99 0% 1 PG 0, FixationNet £ 55 17T 5%
R AT A HT R Ge b P AR R B DT

HRETFBHFMAZE, B RTUR K
P T AL PR RS B 2 — | INAR R2E 1 Li B8N
(2020) 481 T —Fi i AT vk, SR P EY)
Bz [A] AT A /N B B () B A R DL ER BT B 58
VEHE B A TAE | ok T W B S (A1 A BR 0 TR B, AlaAT]
PEH T —F R T Voronoi 197 123k 4= A7 € B 4%,
It FLR 7 A7 0 25 ] A 114 e 2 P R B3 70
P25 () A A7 B A 5 0 B2 R A il Bl b S B
AP BRI S SR8 B dh R T ATTHEDTR A
B rRE AN,
2.2 ETFFEHBRANZE
2.2.1 BT shVEN

B X R S U T R A e e He
N2 42 Y PrivateTalk ( Yan 25,2019 ) F1] I XUH:
HAL 22 s RRIH T P FE M i i, S T
HEACH MR G, BRI ARG 3 (2018) &1t
BT —ER TP TR H MRS,
2.2.2 FETHIEEMMAEEAR

ReflecTrack ( Zhuang 55,2021 ) 1| TAEA= 1% HH 9
FGFTE (5 A BETFAL L 032 5 USEEE T 22. 1 mm
FEEE 3 Heps 22 6 & T AR IS8 Bt
B3 L) FMCW A5 3555, RO B B AR i
BRI BIN A EES, T HFEEmA
& SO 2 MR . BT SR TR AR T AR
WL, FETFIZAEARNT DL SE LS Sl38 5 AR A F a8
MEEZ M HA AR, FaceOri( Wang %5 ,2022b ) F1J 1]
1B BB A 104 75 4 & A58 T 1 ]
(1) FMCW 7515 5, 3l 0 A P SOl 1) 3= 50
RN ELHL b Ay 22 o XL, A1) AR P 0 D BE 7 3, AT =k
TS AE X R 25 1) S 50 25 (A7 5 A B RS MR
BEERAR SRS A8 B X GBS i B sh VR TR
LTI Re A AP A
2.2.3  ETRNE SR ATE S LR

Qin 55 A (2021) $& 1 T H T LA 5 XU R 5 XL
WRRFAIE P15 30T Ho e P 3 58 BB R ProxiMic, A
FFHLF-REHU Tl 80 & 2 B, 1%
AR N 8 2 v R B B RS T Ui B [ SRt
SR BT T T XU — B P S %
PR IR OE R A, B R TR B R

HEB R M R R
2.2.4  WIEBEA LAY ARSI S )

] N TE R e T 0L A 2 AU 5 U A 5 4
% LAV 2 FLAE N (2021a, b) 2 H () B RP AE 25
YREREE N A7 AR SR B TAE 1) IR fig
FHLI 5 FR AR IF 3T 11 35 Nl R vk AR 22
DO £ 3047225 B PR T ) I I T R AR T A A (2= L
85,2021a) 52) A A BTVl 75 #4515 22 50 KLk
(R 75 I 2R 40, T P I 5 0 4 0 1 3okt 1 A
M5k (28 ML % ,2021b) , BLAk, BRlE (2021) #2114
— PR e T LN B3 75 255 22 0 KU INT 9% 57
IR AT R BRI FE A
2.3 BARULIYRE

] N TE 9 B0 0 1R A 3052 A2 By TR 4R
5 EER BRI ACEAZEA K, BT, ST
F P B ZL@E T USE T BN AR T HLA A 5 R
&35 8 7 1 fl 5 38 T AEAE AR B SRR, e R
TIfig R sl A0 B HEBEAR T 2318 i P 6] g 4 14
(BN B BRI P DR B IRl B, filvi 5] 5
() R et 2 BOH P 28 BRCRRIRBEAS, Jbat 3T
K A IR KA R e 4 a5 i A
rh E Rl B K 2SR H 2] A XK R RTIR HR
8 fl R IR 45 T — R G T Bl i 1 R S
G+,
2.3.1 FRARBEsh s

TEFFAS BB SN 1l ve J5 T, Zhao 55 N (2021 ) 42
HH I SO BN R 1) i B A5 5 R ST ik TR
FAL iR B i B S 78 B AR B e/ IN T 0 25 A T A sk i Je%
AfETEll REZMIESOE R IEIERZ T
HE— 254 T E ) RO A S i T e T R
RIS B SRR, Guo 45 A (2020) 2 H 3 F 52 4
Sy ENBE Bl ik 5 X G e P T Y RORRIE AL Rk
B, R SRS R AR DR IR S R G H AL
REWPIE 4 R M SC Rl 5 3 S iE gL PR BE, SO R S A
] RE LRl
2.3.2  AHIBAIYE B 7 fihne S 3 R s A

FEAH I8 I 20 g fol e T, WL 18 T Jiang
%5 N (2019b) $2 1 T HiFinger J7 %, HiFinger J&—
it BT AT ZE A SCAR B A B R AT 38 2o 848 X 45
{14 fish 45 ST I i A D ik i 2 A5 DA S Pt A | T 1
M A SCA 35 T P 7 A B R 5 T 7 5))
(A7) MRS s A R P L T — iR & 5K
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IREE B AP T %6 . Zhang %5 A (2019) I A&
T—MRRNZARE R TE, Bl - ME AT
OGN T3 R ik Uy 58, TE Y 5ik K 40
RS AL AR A R G R ORI EE D7 T B EL RN IV
J1o Li N (2020 ) BHx sk LATE HE $00BR 55 Hh 8 i
SEWR B R) L, $ T — b H T AT LA Y J Y HE
2% HapLinkage , IZHEALSEAL T S0 64 328 Sl A A A1 fih
WE AR BT R T2 TH MR, HLkas
PRI AR 5 M8 o, RS AR A DR st b hy & P IR 5
MG A T8 TR A JF IR e A18h 112
Ffih 56 B8 M. Xue % A (2019) #2 1 T MMRPet
(modular mixed reality pet) , —7Fj AJ 38 158 % 77 2H 2% 1)
REFLLTE) 28 B2 i, A ADL 3 LA 3 ) v,
YUY B INTE v R R i) FE W e b R
AL AR RN S22 . [ 6 4 S ) R A B Ak
[ EEFIBETT , 2 AR BE A USR] 7 SO 32 MR
[F) 2 S S5 A 1) ) S, sl B AN [ 1) K 400 ) 34 5
BB ) T ) SR s kv R s R 4R 1
RN I R S5 5 S8 SN R | TR
WEZWZH A,

AEFRES & W T & A S

18 JiR it A %S (Jiang 5F,2019b)
Fig. 18 Force feedback input device(Jiang et al. ,2019b)

2.3.3 PR Rk E

FEF= S B N H AR & R IR 2R, B TS
FARE B HE MR G M e &, BN 24
PEIR GBS A 1A w], HATAE fih ve 45 AT Ab
TR B, % HTC Vive B3 HI T 240, BFFEN
B 48 it — iR R, AR A E A KR
L BN ORI B AT T S AR P AR TR A B S TP A Iy
ZEUU A A 3R DR SR A — W B )
A, PPGun VR B HE H i —@H AU il 4 i T00
FEH P AEERLIAEE th S AR5 .l it 5 AU
(5 EAEHE B P T DL LS b 5 i o SRR T A
— ZRAVEAE BTl s AT R R 2 Y
RE %, HATRA BUSE P A il v JF 5 — &=k ik

RT3
2.4 WHFHXE

] AR AT 2 A B 52 B AR AR 32 AR 7 A
LA S HE T3 & S HAT I, AL 5E
R A A A A Iy ERE B
THAHRBITE T 4 540 A DA 3835 1+ 5 i BF 9
A8 TR N EAL AR AT 1 P T sh R R 2
FEUURIEAT TP Sl AR N 4 i HC A 5 () A5 HEL Y
B H 5 (Wang 25,2019 ; Chen %5 ,2020b) , dbHik
AR KPR AT BAFI AT 28 B8 25 F Wik A5 5o, %o
FH P AEZS 8] ) SRR B B 5 A R AR FEA T el
(Yang % ,2015; Wang %5,2016) , fnde i —Fh 3T
B 4007 1 R — X 4 s K2k B Ry AR L 22
J7 226 A L, A Zh o B L2l R A Wiki Jo
AR i Y T A R RIS LR B A TG 3 . R
=F g 4 AT B 25 6 DL AT 28 8 RFID ( radio frequency
identification ) #5425 Ay Fefi (1) To £k 15 5 15 it A7 LA
FAT , SCRET P SIEFNAT R I ( Xie 55,2010
Wang %5 ,2018) , FREtH RAEFRZFEH )5 0 AR5 —
R RFID R Fr2eil i bn % 1 91 & 15 = i
AHBL YA 2B UN T3, I8 2 R P8 —4>
BARGEATIUN SR S AR 48 14 U R AEAE S
KIS

(EL eI (DO DN S bive S0 7 1DO)
AT AR, JEHE R L IR M AF Y T3R5
ANAUFRE R 8 SO A TR) R S A Y R B A
B 5 P R SRR A 45 5, Q13 1 =L
IS5 AFEAR (Yi 48,2017 ;Han 55,2018) , i
ASCAS, T LARG shak el D ehrmtds R 4
R, Ry T SR/ IME TR IR B TSR A B A B
PSR VPR R ARG B — MR B BRI AT Sh A
o ERFABE AT ST BT I A P AR TS o) R Y
FIAL T HR S IR 3E TN i) KA
A FUH A BT S D7 T #EAT T 81T (Han 452017,
2018) o Hn—FHT Y T 1l i B b A — A
i 50 2[5 19 77 1o B G O KA 1Y, 4 S AT I S
B HEAA A IF HoAT UG /3 g A Y a4 Al
#J{E ., Robin Bing-Yu Chen A BAGH5Y T FHFE A48
(] 1 Ay 5 5 T T 3 AR SC7 4 A 55 T
H (Huang 55,2016 ; Wang 55 ,2015) . 1% TAEfRRT
PN AR TR 2 DR 3R - 35 V0 A 01 44 A R flh 5K 32
TR A M BRG] TR B T BRI B, X D
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Wi A2 E SRR B B ARG R, AR R — A
KRR EPeE TR AT LAAAT RS i b #R4E E TE
F4E BRI NI LA INER A B A S R T
HERAF s e A P A T) I A A | T AN A 2
S AGEIE T S HAT O FAREE D5 TSR B8
(Qin 45,2021 ) . 4 7 AT LI A 22 58 KUY i 4
HCAEME L, I A VA& ULHE , T JC o (o FH g ikt i)
SR MR, S TR EE T v KU RG]
TP I 1] 22 v XU RS U 2% B Y AR Y
FHE

2.5 AWXERE

2.5.1 EEPG

[ 5 A T U B R i 3 2 i
(6] (4  (H R AE R R HOR 7 T A A —E I 25 57
DAL S SRR 5 A B TR A AR 1 TE U R B
H P E

FEXHRAE R T & U 5 T, B LA RLBE TR AR
HEEFIPGIE Tl K2 AR IS8R A [l 3 & IR
SRS T A DR R AE I TAE 78w 08 & Ry
7, FE AR 3 AR 1) AT Bk A F] B IR
mJ A ERREBE A S ST T AT Transducer £
177 S AR Bk, 42 THR 0 32 RN ER 2 ( Huang
4,2020b; Tian 4§,2019,2021b; Tian %5,2021a) ;2)
HEA AR E T CTC ( connectionist temporal
classification ) B 75 X % 25 4w B IR A HEAT VI 43, SR )5
(o 3 R R AT R 6, JBJR R T SMILTA
(streaming multi-layer truncated attention model ) F/1
SMLTA2 ( http://research. baidu. com/Blog/index-
view? id =109) ;3) "PEFF 2B A s AW T
[ [ia) 22 ] R ] B P L 7 ) 3 S R U A Y A R
B 5 — 3] —ASHEZE H (Tian 55,2020 ; Zhang
4%,2020b) ,

32 BR T35 G IR A KU [ P o SR
BExFF A B 5 0 W B T U A T 5 O 20, 37
OIS EEAE T T, A RURA R ks A
) SR R, A O 1) B BE A R T,
3% TAEALHE SCALA (supervised contrastive learn-
ing) Il BERT ( bidirectional encoder representations
from Transformers ) F A8 1A ( Jiang % ,2019a,2021 ; Fu
4F.2021)

2.5.2  HEIEEGU

I Y RN A I 5T R B Be e A P A IX

SIVETE S ERRAE 09 52 LA K 43 2R A8 B3 (Sun
45,2021 ;X J) 45,2004 5485088, 2007 ) o W, AR R
£ T AT BA (Sun % ,2021) 7E 2004 4E4H T —Ff
A FH 2 JR AN PP 45 K 1) 20 & 5 AR LA &2 MMD ( modi-
fied Mahalanobis distance discriminant) #4715 1 I
FRIEPUIAY T %, TS 52 4 TR T R g, —
ST AR P TR o 28 I 24 30 ) P T 1 R ) O
13T ANEE I ROR A 45 TR A 7 0 2% (ot SO 45
2008 ) H T = R4 1B 7 & 19 CRNN ( convolutional
recurrent neural network ) (i CEfF 55,2014 ) A1 Sinc-
Transformer ( AT 4 ,2021) & AR
1, EREEBE F SR R fi T CASIA (Institu-
te of Automation, Chinese Academy of Sciences ) {X i
TG RHE  ZEUE RIR E T 4 s E AR S sk
HEE T L5 JERIRERGE 2R 9 600 4JiEH

2.5.3 EEEM

TEVE & 6 BT, A W58 5 1 B A O —
o, R TSGR, A AR T Deep
Voice F1 32 $F Z Ui % A ) Deep Voice 2 ( Ank %5,
2017) , 38 A R Y 1 2 ) 28 AR A5 e S 80T
BRI, O TR R RO N
Az ARt (Jia 4% ,2018) , R EI B2 BE A sk a5
P AERHITAILAL 1 K B AR U is AR S 3 gt T
f#FE (Wang 45 ,2020b) , 32 S AL 937 {4, 7E/NEL
PR BARUliE N BRI R A, EN& KRBT
FULBGZeAfE e TP & R SBE IR 55, A
BT G U B SNz
2.5.4 XGRS

BT il TR B i 21 s 0 36 R ST, MR R T Toll
Kz BF 58 N Sl T Mem2Seq ( Madotto 45
2018 ) F5 BL rp £7 7 14 S0 A A — B 1] (Qin
%,2019) , 1 FLEE H ShAS Al A 2% (Qin 55,2020) LA
PG R RAESNT R RE T . TP EFABE A Shik
WFFERTRIRTFE B (Chen 45,2019) $ Hh R H]—Fuls
PHAAAGIRLRE S0 AR RN L I 3 i X 35 A B E AT A AL
R

XS Z RS0 00 R GE, IR K i BFFE N
(Cui 55,2019) #&H UMD (user attention guided mul-
timodal dialog system ) #5Y | Fi| F 2245785 4 A% 48 1 i
T 573 0| i i 2 RS TR TR AN A I S v
B2 B i1 5 8RB 58 BT 09 BF 58 N Bt ( Debie 4,
2021 ) #ES7 — P Tk 2 B A XS e 4 sl T
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Table 1 Comparison of domestic and foreign research progress on big data visualization interaction
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AP B3 | T A ] 8RN 3 38 1Y 22 BB (Siu
45,2020 ; Prouzeau 45,2019 ; Patnaik %5,2019) LI &
ZRSRG RS BB, B AR R A 540 A R
(1) Tim Dwyer 24577 451 1) A1 BA X TT 82 2t ] m] HRL Ak
SEHAE T RETAE A48 F) i B2 g 6212 0
Kl ( Yang 55,2019) % H A0 T 47 #8419 3 42
il (458 B BEH ( Yang %5,2021h) 45, B 95 R TR
K22 Jorge Wagner A28 B il IR AL (R R 12
T RS T A B ( Filho 55 ,2019) X HIT#% 2l fig
v ) — 3B F AL H T ( Wagner 55,2021)

SR, [ oA B KBS P R A A HLAF 5T 2 B4 vh
TEALGE R AT A A, TR A B R AR T
v 3 i i TR 2 AT BA Y A e Bl 1 R N Ay
BRI ERBETY . WL R AR JAT AT &
TPBERPGE 3BT (Ye 55,2021) 5 5AR 53 H7 (Chu
45 ,2022) (9 TAE K P B BRI A JF A 3 s [l
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B 13 BRI b ISR PR
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B LA A

3.2 ETFFEHBRANKE

N AMF TR W3 2,

FEFE T 75 S BN i sh VR R O i B N A A
AEXTAEE D | 1 A% TR BRI it AT 3R 55 AT 2
WA AT S E N A M R . W
IRURNBE RS AL s, WESE B T RS 40 1) F- 3432 . )
1, Xt P 5 HoAb Y & 0 238 57 Xt AT TF9E
KT T IR E AL 58 B HOR B B AH G T
VEWAD T 5 A il B 22 50 KB iR, il H 37 5 2
THAAE BT LAY E A T BE [ SMIF 5T )Xt
I FHAS ) e 2 B 5 e SE PR B AR AT T T2
PIFRIT , FERGB BRI 2 B AR 8l & 75 WA J7 ) ik
7 VIRR . T RIE S E B RTE S S B 5RT7 1
] PN 3 TR S TR B A 1 R AT BV Ok, I SIS
WL Z A7 R = i aARE S E R, sk 17 AL
[ I BB, RIS A b ) s S T )
HAR BN TAE FEE D TR RETHL L5 4%
32 v KR HEAT U, (H I F H Ak £ I 98 58/
SN TAEFER PTG 15 48 55 S 90 A BB A
B AW M, BRI HNTERE T Y
JBNAE B AR T TR AR SEAR R R b, (3 {4
TEBAREE S W B FATA T G TRIBRIeiE K
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Table 2 Comparison of domestic and foreign research progress on interaction based on sound field
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Table 3 Comparison of domestic and foreign research progress on mixed reality physical interaction
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Table 4 Comparison of domestic and foreign research progress on wearable interaction
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Table 5 Comparison of domestic and foreign research progress on human-machine dialogue interaction
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