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Abstract: Virtual-real human-computer interaction (VR-HCI) is an interdisciplinary field that encompasses human and
computer interactions to address human-related cognitive and emotional needs. This interdisciplinary knowledge integrates
domains such as computer science, cognitive psychology, ergonomics, multimedia technology, and virtual reality. With
the advancement of big data and artificial intelligence, VR-HCI benefits industries like education, healthcare, robotics,
and entertainment, and is increasingly recognized as a key supporting technology for metaverse-related development. In
recent years, machine learning-based human cognitive and emotional analysis has evolved, particularly in applications like
robotics and wearable interaction devices. As a result, VR-HCI has focused on the challenging issue of creating “intelli-
gent” and “anthropomorphic” interaction systems. This literature review examines the growth of VR-HCI from four
aspects: perceptual computing, human-machine interaction and coordination, human-computer dialogue interaction, and
data visualization. Perceptual computing aims to model human daily life behavior, cognitive processes, and emotional con-
texts for personalized and efficient human-computer interactions. This discussion covers three perceptual aspects related to
pathways, objects, and scenes. Human-machine interaction scenarios involve virtual and real-world integration and percep-
tual pathways, which are divided into primary perception types: visual-based, sensor-based, and wireless non-contact.

Object-based perception is subdivided into personal and group contexts, while scene-based perception is subdivided into
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physical behavior and cognitive contexts. Human-machine interaction primarily encompasses technical disciplines such as
mechanical and electrical engineering, computer and control science, artificial intelligence, and other related arts or
humanistic disciplines like psychology and design. Human-robot interaction can be categorized by functional mechanisms
into 1) collaborative operation robots, 2) service and assistance robots, and 3) social, entertainment, and educational
robots. Key modules in human-computer dialogue interaction systems include speech recognition, speaker recognition, dia-
logue system, and speech synthesis. The level of intelligence in these interaction systems can be further enhanced by con-
sidering users’ inherent characteristics, such as speech pronunciation, preferences, emotions, and other attributes. For
human-machine interaction, it mainly involves technical disciplines in relevant to mechanical and electrical engineering,
computer and control science, and artificial intelligence, as well as other related arts or humanistic disciplines like psychol-
ogy and design. Humans-robots interaction can be segmented into three categories in terms of its functional mechanism: 1)
collaborative operation robots, 2) service and assistance robots, and 3) social, entertainment and educational robots. For
human-computer dialogue interaction, the system consists of such key modules like speech recognition, speaker recogni-
tion, dialogue system, and speech synthesis. The microphone sensor can pick up the speech signal, which is then con-
verted to text information through the speech recognition module. The dialogue system can process the text information,
understand the user’s intention, and generates a reply. Finally, the speech-synthesized module can convert the reply infor-
mation into speech information, completing the interaction process. In recent years, the level of intelligence of the interac-
tion system can be further improved by combining users’ inherent characteristics such as speech pronunciation, prefer-
ences, emotions, and other characteristics, optimizing the various modules of the interaction system. For data transforma-
tion and visualization, it is benched for performing data cleaning tasks on tabular data, and various tools in R and Python
can perform these tasks as well. Many software systems have developed graphical user interfaces to assist users in complet-
ing data transformation tasks, such as Microsoft Excel, Tableau Prep Builder, and OpenRefine. Current recommendation-
based algorithms interactive systems are beneficial for users transform data easily. Researchers have also developed tools
that can transform network structures. We analyze its four aspects of 1) interactive data transformation, 2) data transforma-
tion visualization, 3) data table visual comparison, and 4) code visualization in human-computer interaction systems. We
identify several future research directions in VR-HCI, namely 1) designing generalized and personalized perceptual com-
puting, 2) building human-machine cooperation with a deep understanding of user behavior, and 3) expanding user-
adaptive dialogue systems. For perceptual computing, it still lacks joint perception of multiple devices and individual dif-
ferences in human behavior perception. Furthermore, most perceptual research can use generalized models, neglecting
individual differences, resulting in lower perceptual accuracy, making it difficult to apply in actual settings. Therefore,
future perceptual computing research trends are required for multimodal, transferable, personalized, and scalable
research. For human-machine interaction and coordination, a systematic approach is necessary for constructing a design for
human-machine interaction and collaboration. This approach requires in-depth research on user understanding, construc-
tion of interaction datasets, and long-term user experience. For human-computer dialogue interaction, current research
mostly focuses on open-domain systems, which use pre-trained models to improve modeling accuracy for emotions, inten-
tions, and knowledge. Future research should be aimed at developing more intelligent human-machine conversations that
cater to individual user needs. For data transformation and visualization in HCI, the future directions can be composed of
two parts: 1) the intelligence level of data transformation can be improved through interaction for individual data workers
on several aspects, e. g. , appropriate algorithms for multiple types of data, recommendations for consistent user behavior
and real-time analysis to support massive data. 2) The focus is on the integration of data transformation and visualization
among multiple users, including designing collaborative mechanisms, resolving conflicts in data operation, visualizing
complex data transformation codes, evaluating the effectiveness of various visualization methods, and recording and dis-
playing multiple human behaviors. In summary, the development of VR-HCI can provide new opportunities and challenges
for human-computer interaction towards Metaverse, which has the potential to seamlessly integrate virtual and real worlds.

Key words: human-computer interaction (HCI) ; perceptual computing; human-machine cooperation; dialogue system;
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Fig. 1 The human gesture detected by WikFi
(Adib and Katabi, 2013)
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Fig. 2 Human-machine collaboration scenarios classified by four industrial process levels (Rodriguez-Guerra et al. , 2021)
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SFEVIFR T — R SAS 1 5L T Y 8 A R ¢
DexPilot , H 7 WAL HE T8 7T A58 245 #5441~ 23 DoA
(degree-of—actuation)*}L%‘%}\%éﬁ (Handa%%,2020) .
1.2.2 JR55 KA Bh2Eplas A

N TR RS B Ik 55 A B LA A, e
A1k N2ty H AR BB ML Z — Ay
K e 55 LA R B AL 8% A AE Sy o B2 B AT
Ziik.

DRSS HLE N o IkR55HLaS N E SO Z R
(1, Kuo 55 A (2017) N R IR 55 AL ds N2 B T R G0
SR WM O, AT DL S S K T A L
AR S "o s SOP SRR BENE R TR th LA
N2 PP B T BRI, AT IR IO 4 2
HF AW A173)” . Kachouie 5 A (2014) K K IRk
55 Ble N 2 T S ST AR O B AT 55, L
VRS BEAE A HERS IR 55 LA A a9l
A TR Z H % 7% 8 (Bazzano il Lamberti, 2018) , {17F§
J A8 HE (Murphy 55, 2019) FIR I (Lu 55 ,2019)

v K 3 )5 5 IBM (International Business
Machines Corporation) EBAETF &% T AFET] % Connie
(Tvanov %£,2017) . IBM Watson 1438 T 3 A A &
G ER—20 IR AE A AR T AL B TR A 2] R
frt ] A LA N TR REROR 5 bl ad A ik
ARMNAZ B B 45 SRR B ks 25 > 5 % D A BRI O %
PEPLER A, 0 H ARSI K58 T 2K H Henn-na 1§
J 1 Tulie (Osawa 5, 2017) , 3 32 785 YU 1) 17 %
NHYEESR IR FevF B & U TR &5 2, [R5
PR 2 N T A N 2551 10 0 2 NS ESK . 7RIk
FRI M N R REHE AR I —FIE 22T A AR
BR8N i NS 7 (I NI A= 2 e N
F 5% 19 V. 5 37 1Y) Echo 44 i 140 8 RF 7R FBE 1% By 224 >
BTG AIEE EH], OF 7 A Al T U AR,
WENE NI K & b5 55, 1R IR 20 15 B4R B &5
(Prentice 55 ,2020) . B8 Hb 1] (1) 2 4 2 A5 B X —
H ER it s pLas N s eSS B 2 48 AR
A H. A SR IEIEATIR ST i 371 RIHFFE & B,
LR W 2 U, (2 P8 AR — A Br A
AEDREEAL &5 A (Pripfl 457,2016) o & [ Dy HLAF K2
WFSE T TR R 1% A R AN J DA J2 I DR s oK i) £t
HULEFREE TR T R — R dHAS R Y TR sh R #
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RS HLES A (Wilk 1 Johnson, 2014) .

2)HBIHLER N o BEE DL AFEANT H 3 A3 b
3R B, ORGSR 22 0 4 B LA A BT K Ok B
fif A 2otk S PR () B, 9 An gk s 1 LN T i
OB PR T5 5K o ALFEET X B8 2 1 A 1Y)
B AL 88 A (Varela-Aldas 25, 2020; Xiao 25, 2021;
Wang % ,2021b; Guerreiro 45, 2019) | [fi [i] & 4F A )
4 13 Ak (Shomin %5, 2015 ; 257387, 2022) Ml Bh 4T
A HLAR N L TH ) R A 5 B N 9 4R & (Bhattacharjee
45 2020) FIE 46 K5 (Zhang 25 , 2022a) HL 2§ A\ %5 .
WAL NS B 2R . Bilan, 5
BLES N 20 B BB HLAR A (Varela-Aldas 55 , 2020;
Slade 5 , 2021) . /N 4 B4 L 45 N (Wang 55 , 2021b;
Guerreiro 55 ,2019) K P4 2 HL#8 A (Xiao %5, 2021) .

FEPIEE AR TERES A S
CHLAER o RS 1] 4 ) RS 0 & 5 N 0 3 3 S Bkt
B FI it (Slade 55 ,2021) o 36 MM K2 F H 5 [
JiR 48 B T K 2% i Mini-Cheetah DU 2 HLES A, %3 T
T Mg RZERNENTH . EE R
MERE K24 5 IBM AE 2019 4R 82 T S B AT 2540 , AL H
I SR AALE I T 2 N T (Wang % ,2021b) .
ESRNTE il -y S RE R YN o
T AN A 3 A 22 B B BLER N (Shomin
85,2015) o 3 [EAR R A4 VU E ] 3BT ) A 7 8 52
PNTER H Sh M HLER A WF5E T 3R A X 4 B
ML N A 3P 7K F #9832 #1175 2K (Bhattacharjee
85,2020) . B EHCBORF 4Bk TR iefe i 5 A HE
(28 H.75 K, BTF T 252080 TAEY a5, ot
T R T2 BB AA B30 (Zhang
4 2022a) .
1.2.3 w2 REF AN

PIBES LY R YNCIDNNE 78 3 K- I N AL PN
AN 2 R 7 il U [R) LY O 2 1 | I 5 28 R At
SSHMEXMAT R HEN TR TR ARNA
Wi e, IR T Rk B AR AR LA AN B
FE HL 5 AR AR v T L ok i 22 4 B0 E B0 S A
Fir (Samani %5 ,2013) . A5 5 5 G FEARSSHLER A
BN TR LA 3 Fh s AR AL g8 A
(1 NHLAS HRFFAE .

DAESE LR A o ZEER PUR Tl #fiy v, 4E 241
i NTF UG B R AE I SE . Bl 52 4N T REAL
i NTE H AR T v A28 15 ol 53, AN [v] 455k 1 A

FE N BUIEAESS Ty o N2 Q] J8 R 5 3 SE L2
SR, LK BETE 22 KRR 1R BEMLAR Al AN
Rt B . IR LGS T AL FA R 2R
2 DHEE N TR RERMALAS A, JBR T e
R A S RF2E B B2 BHIFFE Qi al iR A%t
HLAS AACEEATE N FEAE 23 A 36 v (808 71 A= BRI A
FRAF (Cross %5,2019)

WRZDE LA A B AN R ER T &
ML ERE S o X TFEAE TR A T RSl At s
K955 77 (Prescott 25, 2019) , 31 55 1 40 A6 A
TR B sV A 0 ( Gunes 45 ,2019) (i 35 4b
PREEVE 2 HAh AT (Foster, 2019) o THF E4&E5— N4t
T HLas N R4t Kismet ( Breazeal , 2000 ) 42 32 [E R4 B
T2EBE N TR BRI % 1997 - IF & B0, 1% R 5
HARZ IR IR S R 2R A RS E B RS 3
MAG ATHRGHNEhRZGE 6T RAEHM.
NAO HLES A (Gouaillier % ,2009) & H AR AR HLEF A
ON FRIR e A P I — 3 AN AL LR, T 2006 4F I
7, T AR 2 T, AOURTUN Z 4,
AT DU S50 28 2 A S W T Rt 5, DAL A A
RN 2R Z LA A5

WK ) T B8 SR A R~ ok T ) 2 ) 22 4 A
FAAENLER N JBIF T 2 AL ARG A &
T %) 97 o JE B ™ ) A 470 25 A DG [n] 81 %) P8 F ( Cogh-
lan 55 ,2021) . PFHEZFFH2E KAzt T — i sME
ISP LL IR YN {2 AT N NGt BRI I o= ]
W AT 55 DI RE B LR N S LS itk AT
o ML N2 5 4% (Marchetti 45, 2022) .
5% [ TR B R A A2 i e ISR 5 T R S AL
NP 15 B B AR AE D3RRGS T4 b FH P % SRR o 38 ]
S HLAS AAE A (1938 5 (Rae 55, 2013) . PHBE
58 B R GA KA L T8 T — B Ak S AL
N GHE H A TS P B R RS A 2 AN R 4 1%
IR AN NS Bh A A5 458 IR 45 (Salichs 45,2020) .

D)HBEHAFN . LA AT LU T8 P 1E
hy Ul [l 27 2 &, B W 7 36 oA e A Jk
SE T R A RN, T HE 2 HUS T 25T 285
S BRI 55 19 45 5 (Gorham , 1988 ; Witt 25,2004 ) .
H T B A 2 ) 45 S 2 AL 2 N 4 BEAE R BK 3
(), FECR 2 ST TP A AL SR JGE AR, A/
BT Rl E NGl N 51 NP | I N € 2 = el ]
D8I N5 B4R 1, W) 3L AL TE A AT A
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MEE, ELE, i, BH%E, R, b

HEEZHREHANRZE

FHPIR B 5| KA H) T2 20 (41 2547 4 (Kennedy 55,
2015) . TS 1EAE 5 (Kidd Fl Breazeal , 2004 ; Wainer
45,2007 Kose 55 ,2015) 1, LS A AT LA HG kg S AC 2R
AT 5| N SEAT R, I HL 38 H A 2 AR Y
(Wainer %% , 2007 ; Powers % ,2007; Li, 2015) . Xt T
Wi RGURUL, EE R, 5 — LA A plZ
INAH L, P ERAETE AL A% A6 Hs SR AR T 22 i I
NP B 3 4 3 R B A Bk 1 (Bainbridge 55
2011)0
K3 1 ESNE R RO 2 A L as
Ao EI3(a) 2 BN A T HLE iCat HLES A (Leite
45,2011), 181 3(b) 2 B #7205 5k Y NAO HLas
A (Hood 45, 2015) , Pl 3 (e ) J&7F 4 48 Ui Xk 4l 2 Al
IR N (Leyzberg 45 ,2012) , K 3(d) /&2 7F H AR
JLESETR IR FERAEZ) T AL 28 A (Tanaka %5,
2015).

(a) 1Catm%5)\
i %

(b) NAOHLEF A

(© ﬁ%ﬁﬁ%%ﬁé@ﬂ%‘é}\

E3 Tzl B E VLA A B (Belpaeme 55 ,2018)
Fig. 3 Types of educational robots widely used

, 2018) ((a) iCat robot; (b) NAO robot;

(¢) tutor robot; (d) Pepper robot)

(d) WIRHLER A

(Belpaeme et al.

3)mFE R BHLER A . T 2019 TR 15 B
KPAT FIAEOC A4 3B ZE A i, 25 B 3 Rl b
LA FR w5 5 10 4% 8 L 4k 1 ™ B Y 0 RT A 25
B 5

AR R AL A AR (telepresence robot ) J& —
FRES (A Lz A 4 77 25 I e e — o ' A B 52
TR IR 52 B & A 37, BRAE 25 T A B R A 2R
48 LB RN 1E 45 s P 52 EALAR N, AT 067 1 7% 5
AP PLEAE , LS i NHEATH A B3 IR R B 2
5 & (Gorham, 1988) o 1 2 — Ff izt I 6 1.5y i)
IR 2 LA A BOR B Z A0 e T REAE I T

TE TR P A 8 L Hb 5 AT LB BRAE Y 2 T (Gor-
ham, 1988) . XS Bl A & i 1 2 HH 1Y
I 37 1% , DN 4y AT 55 B3 A £ 43k B 22 3 4F (Gorham,
1988; Rae %5,2015) . V1 ZWF58 A\ DL LEA [] 1Y) 45 4k
ST RE TEBERIILES NG, s

WHME (Khadri, 2021) | 3% 72 5 18 3 %8 (Roberts Fl1
Arnold,2012) . A P54 (Ogawa 5, 2011 ) Fllizt #2 =
JT P (Daruwalla %5, 2010) %

I [ UK TR RSB I BE RO AR DG 8 ik 1t
T 5 AL A% AL 2E N B VA i 1 5 AT 55 PRV 1 A1 34
(Rae 55,2015) o 36 [ ja 30 B~y 2% 1 B M J 2 280y A
B R TR BT R I 37 L 2% A 0 A
B VAT LUK 5 AR PR 52 L B [R)AT: 55 $04T (Rae 55,
2014) DA K >4 i % a B N Gy SR R T R )
(Coradeschi 55 ,2011) . Fi L JZ #1752 K 2% 1 Krist-
offersson 5 A (2013) A HF 58 R B, 53 o o A7 i A
WoR AL 2 IR G AT S HAR LG, e i 2 B &%
NI il & 2 58 HEK- S 5 e TEE
FIFHEAFRE (Soares 45,2017) o
1.3 MHEEANNEZE

HL AR 1 AL 35 28 B 22 G038 WAL A5 T & R
FEGCRU] R ARG & S A B AE, An AT 4
Jis o 2 v WAL S8 BUE H 5 5 i e iR
SIAERAE AL R SCAAE B o %R R Gl i 6] SO B
PEATAC PR, PR P B EDFE A . )R TRE S
IR 015 A5 B A E S5 R e isg Bt /.
P IUAER , Anaf 256 FH P I 05 8 e i Im & F
17 IR [ A R o, T BT IR AL 2 B R B 251
B, LIS T 32 5 R GE R REALK -, 153 Tl Ft iy
Sz B

P
A

TEEHI
FAGLRA
Mtk
E

EX
fr

K4 AL A EAHESE P

Fig. 4 The diagram of human-computer dialogue interaction

.

1.3.1 iHEEHA

IEREP RPN ISP S U e S A
HPUNEAR R AL EWEEA LD Z—, [ 201
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20 50 AR R A B S U — BUR N TR RE U &
BRI I BEARSR YR, 1S TR B AR ) & T LA
530 3B B, A4 20 1128 70 4E AR LA B 2 s [A] B4
(dynamic time warping, DTW) (Sakoe £ Chiba, 1978 ;
Miiller, 2007 ) Fi1£& 4 75 I 25 A% (linear predictive cod-
ing, LPC) (Itakura, 1975) % ¢ AR Sy 483 145 Al UE fic
Bt 20 tH40 80 AE A K JE Y H1 IR & i ST A — R
IR ] R Y (Gaussian mixture model-hidden Markov
model, GMM-HMM ) ( Rabiner £ Juang, 1993 ; Gales FI
Young,2008 ; Gauvain 1 Lee, 1992, 1994 ) = 5 19 45 i1
AU B B LA K 2010 4F1if J& H A 28 9 2% (neural net-
work , NN ) 5| €5 A9 % 5 2% > i Bt (Mohamed 45,2010
Seide %5 ,2011 ; Graves 2% ,2013)

BB TR 27 > BOR R SR L R v a8 20
SERS B R BIEOR UG T E K, TG Tz 0
TAMEE B S, LU, T A B (Zhai 55,
2019; Kahn 55,2020) . >} ¥ 8f (Chung %, 2019 ; Karita
45 ,2018) FIJC i B 27 > (Yeh 55, 20185 Baevski 5%,
2021) FEAETE B R U2 B )2 T, O R
T UM R G0 b 1 B AR A A R80T %, ASE B
TEVFZARGT IS 5 TR . TE i) iz
28 B 355 ARIE IR T & PUN T JLAE AT 58 P4
Z—o WAHEE SR A BHE S RS R R
G R T . Ho, A UM 3 AL
3 F RNN-Transducer (recurrent neural network-
transducer) 5 4 [ 20 i HE 42 (Zhang 45, 2020b; Yeh
4 2019 Huang 25, 2020; Guo 25,2021 ) FI3E T 1E &
FIML A i A AR Y (Inaguma %5, 2020) . JE A [1]
VA DR ASE R 3 ok i % e U 400 B B 45, 7
fif i 2k B v 2R 47 2 48 B0 42 (Chi 4%, 2020 ; Higuchi
85,2021) s BUEE T G a4 (19 75 2R, T 5 5 1) 4
H ¥ %1 (Chen %5 ,2020a)

Tnfa] AR Al FH P T 60 T A L, 0 PSS R
7 A 3 R 2D 4 i TR Y MR AR 5 A — T
TR R RER G B S SO FIE 2 4
iy AT A BT ) I T o AL B e o e 1
RS, SR 5 AR S B0 3E /D B X AR A A
JRITR A R HEAT RO 2 BE TS N A I Y — Fh A B
AT SEL B (Liao, 20135 Yu 55, 2013) o 55 — i i
JEAERERLYI R B Bt 335 A 267 1) 2 (1) 4l i-vector
( Dehak %, 2011) . d-vector ( Wang 45 2018) 5
x-vector(Snyder 5% , 2018) F#fiE ) 5 FAE 1] &2 PF 42, FH

DR 51 R AL EibO N AT N R T IA: WA v N
Uiy 3) 3 1 o RN Y B UG N A 3 V7 ¥ R R
o B, AN [FREAE 23 (8] B H 38 Y 7775 (Tomashenko
Hl Esteve, 2018) | £ %42 [ i& B J7 7% (Ochiai 55 ,
2018) LA K BT 14 2 g i) i ) o 100 3 Al B e A
5 (Deleroix 55,2018 ) 45

1.3.2 FAHEER

o TR NEH S AR 2SR, BN
AR AR RN T AT B AR 25 M S R R BRI, 7 4
FEAE T LA A ME — ELAE AR ) i ) B RS
MRFAE . P SO s R, B E TR &5 %
R IRCAT LR AE D615 A PEAH 2 A0 SURRE B R
fiE, SR A PO B A A S iils A&y . 721
AL EE AL B b, A ScO T ARG - B (5 L
SE RS E P A2 HOIRE R R RE s B R
Fe A B 2 40 2 AT BOR B 22 1Y ]

TE 75 SURAE BB 75 T, AR ) 07 125 4 465 139
AR (Luck, 1969) | R il 5L - 25 46 (Johnsson FI
Krawitz, 1992) .21 #0 8]35% 52 21 (linear predictive
cepstrum coefficient, LPCC) (Atal,, 1974 ) Fl g /K i %
8 1% R % (Mel-frequency cepstrum coefficient,
MFCC) (Davis Fll Mermelstein, 1980) 45, H. )t MFCC
NN )2 o A7 1, 20 T2 90 AR AR HY 1)
R A 55 (Reynolds 1 Rose, 1995) L4 K = #TiR &
F T —3 FH 5 5L (Reynolds 45, 2000) H AT fij H
F 1 IR 5 A0 00 A = 7 SO P R T
21 @ DL G R 20 B H R (jiont factor analy-
sis, JFA) (Kenny %5 , 2007 ; Dehak 45,2011 ) % 8. 7% i
— PRI TSI E R 2T R Y TR E R

2014 4F DL, TR BE #2824 (deep neural net-
works , DNN) FH DA$ U SRAE , TF 1R A2 31O IR 15
BN R S — )2 R O S 0
P8 R BEE A WIZUNFFAE (Variani %5, 2014) , — BLif
B T WO AL BT 4 5 45 B2 B & 1 A T2
FRAE, #RZH d-vector, i — 20 1l , 3y 21 v I 5 J7 vk
TF U6 R A F 75 808U (Heigold 55, 20155 Wan 45,
2018) , B AF 5 AR U 25 FUHT T DR AT 20 (1)
M2, R T SORN R G B g T
fE , & T 748 7 B 8)) 4i i #% (variational autoencoder,
VAE) 19 38k X¥ T Il 2% (domain adversarial training,
DAT) 75 ¥ (Finn %%, 2017 ; Tu %5 , 2020 ) F1HEF 25 pOxt
BT M 2% (generative adversarial network, GAN) [ 35 &
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MERdE, I, S, EH%E, b, Wi
HEEZHREHANRZE

#1125 (Rohdin 45 , 20195 Chen 45, 2020b) 55 J5 %
GEI NI Wi/ ET
1.3.3 WiERS

Xil R G E LB &5 AR S TB B2 AR
R, —EHEMMBER B AN E T L, LA
A TR FETEBERNE RS M ARIES
PR OSSR B SRR AR AR o K
R Xk X3 AR S8 A R BEAL KA AR B AR
Wi o THI ) S PR 2 2R 0 I g 5, H TSR T2
BT R o7 ) B s 45T 1) T PR U S 2 (Siddhant 55
2019) FETIER LG Y 2 B IE RN (Gangad-
haraiah I Narayanaswamy, 2019) fl J& F H ifi I (1)
Graph-Interactive £ 22 2 2% & K I £% A (Qin 5% ,
2020a) %o N T SBU R BORAS BEAT IR B, LA
7 A A A AR OGP B X R A1 FE Lin 55 A
(2019) By TAE 55 AR ZS B A 20 5 0 g AR
FH VS B 2 P B AR A 2

i 1) i P9 X i85 2R 6 1T DA v R A% e R RS R
e iR 22 A, 2 3 1Tz O, ARG
5 Madotto 45 A (2018) $i i 1) 2 T 45 £ K 45 (1
Mem2Seq (memory-to-sequence) 1 i | Wu & A
(2019a) il & B 224 4 9 2% 1) GLMP ( global-to-local
memory pointer) & B %5 o [ A1 | 45 A I ZhAsE AL [
Xl ARG AZ BT OCTE BN, 2T BERT (bidi-
rectional encoder representation from transformers ) Fil
YIERTE 5 AR SE T IR BRA# RE 7, JF4% BERT h iy
IR ZE T B R R Ay SR A v, LS B MR 9 A PIL
& (Kim %5 ,2021a; Lai 45,2021 ; Kim 55 ,2021b )

1.3.4 BEHEHK

Bl TR 2 > e & VUM SUEIBS T e BiPE 1Y
HEJRE BT IR AN 2 M 28 1 TE & A U F . AR
R VER R G 45 453K Deepmind A 535 A1 BA $2 1 19
e TR BE 27 2] 1) WavetNet 185 3 A5 B Y (van den
Oord 55,2016 ) 31 21 35 1) 1 & 45 8 FR 4¢ (Sotelo 5,
2017;Wang%,2017b)0

N T RIEE A E B R EEERER =5
X 1 e AR AR KT S TR & A 15 R
11 753k A 45 5 T A 1) AR TR AN 1Y cascad e TTS
(cascade text-to-speech ) & 45 (An 55, 2017; Wu Fl
King, 2016) fl 3& F 4= J&) X 4% 4 J (global style
tokens, GST) 1 TTS #& A (Wu Z£ , 2019b; Lorenzo-
Trueba %% ,2018) %% .

1.4 ANMZERHETRETREATHL
141 sg AR

Xof FAREE AT A R B A8 A 02 e B
THUEAT 55 A . V7 25T RiE 5 M Python 1 75 1Y
T HIEREB AT & KRBt e . BRI T g A
BB T E T RE R A, Fxd i & 2 T
TR, T B AGME R ARIEF AR T RERES
o AT REAREURE AR 0 IR P 2B R G T
P Ak 5 T 8 B FH P 5 1A S B0 A2 AT 55, 4] 2
Microsoft Excel, Tableau Prep Builder, OpenRefine
o JRARR, WRRE BOT T R TR THERE R IR I A
H R % (Kandel % ,2011; Guo %, 2011 ; Drosos 2%,
2020; Jin %%, 2017; Bigelow & 2019; Abedjan &
2016; Inala I Singh, 2017) . 4, Wrangler R4
(Kandel %,2011; Guo 55 ,2011) 2+ H P 4117 51 Je
FATTAR AR EHEA AR N 0 B S i . BT HE
P FETE S, Wrex (Drosos 25, 2020) £ Foofah ( Jin 45,
2017) REHH Bl FH P PRod o s A e . R AR g
FH P A LT p A R AR A RS AR S A, A B
PRI Z 8 . A AR T T RE
% X [0 4% 45 ¥ 9 A7 4k 78 45 9 T H-, 4 Origraph
(Bigelow %, 2019) & . 3 4h, A — & 4 #F 5% 4N
Dataxformer( Abedjan £ 2016) Fil WebRelate (Inala £l
Singh, 2017 ) &5 3455 M\ 0 3 SR BCECHE I A7 Eoals 22
BAE 55, ST 1 K 22 4 vh Bodks AR B B R R
X B Tl A AR S8 RO 7 AT S5 B
Tt
1.4.2 Hfaie el i

B TAE o PR DA b T AT Y
BARBAGE Ve R, DL T s 2 an g 2 A= 8 A0 Y o
ot FERR PP 52 F v, o B2y o) A BRI AS B v ok
R, LUEBOT R T A & 9EdE b e XA 56
e E IR UE A AP T R Ve B AR, AR PR
VEAE R BRI s TEACRS GE b oh | R SR A R AT
SCR I SRR, DLk S i T 55 Th s R . 15
189 77 1 2R 4l SCAS 1 SR B0 e e e e 00 i 3L, LAY
IBCHE A 5 B B R 2 AN A2 ALY, IAE%L
T 15 DR 8 AR v A A A B S S A VR A e, T
TR 1 P B9 AL/ 2E (AN Python H Y Pandas i, R
f4 tidyr  dplyr 655 ) , HF 75 SCR LR I SCAR BRI X
fifp RS e B AR pR B O S IR o R, Al SOAR
(R AR T O LA S BB A 00 e 5 e B i 45
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PR BRI TR Lo A, T30 T R, ik
WASFFAE Z RN AR SOR A LEAS S M, i IR AN 8
HEWR , T REIE 2 R BOEE TAE B R e
TR P

— B AR LA SCAS 1Y T 2 R B A2 6 1
Y. WrangleDoc(Yang 45,2021 )38 i3 b3 85040 A2
HI 5 B B 2 25 S, 35 B FH P 3 R s A2 e ) o
. Unravel (Shrestha 55 , 2021 ) fifi FH — B SCAS Ny 4%
G5 A P i) B — A7 VR A L ORI 448 5 B 3%
B P IEsE S i s iR . BT b 45
e, — BT AR B A 4 Oy =X s a2 AU i
W . ) 40, Datamations (Pu % , 2021) Fll Data
Tweening (Khan 55,2017 ) 38 12085 0 3% 7 19 8 1 K 2
IR R AR TR S SR, DL B 2 TR R PR
TG D B A 5 BT S, T BT R 2 208
e HAAR RN AL . BOR 20 Bl s e nl 0ok 22
AL AR AL IR P s 208 — PR R — 2D
AT BOREIR
1.4.3  WaaR IRt L

2 Y Hl B A S — b 20 S PR 4 A S T B
(Niederer 55 ,2018) , B T Ji 4 Fe 46 & 42 & “ " %k
L BRSNS S T H AR A e s A
XF R AT EAR Ve . EEIEE R b R
BTSSR 1L, AR IA S 15 AT T 3
TE RO R AT AR A, BSORR A 2 i Bl 2 i A A2 AL
TE NOZARAT AT R i e e 44 o RN, Hhy T8 3R
ReAL & RIAT B BT BB R, O H AR L e R A
SRR AR A AR R B (AR E L4l T
T H XS HE B AR A R R v Ve AT S e A . TR,
—SE WAL Y T AR EC) T RS Bt AT (Fur-
manova %% ,2020) ., Furmanova 25 A (2020) ¥ 3 4% %4
PEATAALE AR S R 326 BT HEWE H AR B AT LAk
(Claessen Fll van Wijk,2011; FuaZ®,1999; Yal¢in &
2018;Luo % ,2019; Wei 55 ,2022¢) , |5 T J@ 7~ A%
B N2 . 2) Bk TR BOR AT 4L (Liu 55,
2017) , EEEF X m R . 3) 5T FAR K na i ] AL
1k (Gratzl 55,2013 ; Pajer % ,2017) , 75 J5 A 648 JE /R
AR L, rT A N B . i T A E SR
BAME AL TAE R I Z Rl AL 28 B (Fur-
manova 25 , 2020; Lex %, 2011, 2012; Stahnke % ,
2016) K& AT AL RN RCR . DL ERY TARE &
TR AR R AT A, B SRR N R

J&/R o TACO (Niederer 45,2018 ) i 1o fili Fi i 7] G 4%
W28 5 BT IR ) TR S RO al (AL P K e 2
) A28 5, (HR X SRR T AN I T ] A B A2
AT 55 iR o
1.4.4 U HAL

H A A DR P T A5 TAE B 46 T Ak 2
Pr g i AU B PR AT 22 B Bl R 45 1 (Price 4%
1993) , ixX $6 T AE 4 B iz it H 19 7] 43 R A A I 3
(Kosower %%, 2014 ; Cheon %5, 2015 ; Moseler 25,2022 ;
KumarZ£,2021 ; JbaraZ#,2019; Hori £, 2019) fll2¢ )
HEF (Guo, 2013 ; Khaloo 5, 2017 ; Hansen % , 2002
Demetrescu 55 , 2002 ; Balogh Fll Beszédes, 2013) P K
Je o WAL TAE B AEHE B P AR 4]
an, wAE K B 8 A4 A T B (Kosower 45, 20145 Cheon
85 ,2015) REAS SRR AU B PA T2 56, DTS B P
PEACHS . Moseler % A (2022) %33 F nl #l AL 2 22
ROk K AR Y, JE L AR A A R T B A TR
O, B P BT e A AAD il B ik S A A O
oo — 2 TAES ) T R AR b i $ 48 45 4
(Kumar % ,2021) fliz A7 HPIRZS (Jbara 45,2019 ; Hori
85,2019) F B P RS . A — ST T R
B TEAE B H P A ) G AR 1S B0 2 o Online
Python Tutor (Guo, 2013 )il iz ] #0 fbA 1 32 17 B 71
RSAF B ANEE 45 1, 5 B 2 B2 57 T BEA# Python 72
Jrizfr it . Khaloo 5 A (2017)f# H VR (virtual
reality ) HR AT AL ACRS 22 , A0 LG T Bel e A 48 SCRY L UL
=T BAT W51 ). A R4 T H (Han-
sen 2, 2002 ; Demetrescu 25 , 2002 ) 18 1 & B 45 A5 ¢
i/ 47 S 5 B P 2 2] Bk o CodeMetropolis
(Balogh il Beszédes, 2013) Jl 2 f A5 rp 9 28 78
SRR BT LR 3 4E SR, BE O IR G b e ARG Y
JE R G5 B L m A

2 EBRAMRHERE

2.1 AMZEHHBAITE
2. 1.1 AWLEH H AR A%

] X T 25 T A2 SR T 0 4 L 4 ik =K Uk
HIRIF AL 2 SR T 5 A% s R JC 2 A 22 fih
SR 55 K 22 4 v A S0 56 25 PR B T I B0 S0 ) B A
Be o TERLSE BN, 1R AE R R 2 R S =
(1) Zhong % A (2017) 2t —F [ 2025 3 v H ArAs: ]
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RS 28001 F AR 7 ik, 1 e SR IBURAE , 451
Or ) SRR TSR R T CNN B R
RGN 55, SRS 18 T 45 44 4k 345 1] 2 ML (support
vector machine , SVM ) 2% > B¢ FANE X E A T4 T
WAoo HETAG IR B R, W A R S T
S # 5 AALAE BS99 % 1Y Liang 45 A (2021) $2 1
— IR B A, AT DL S I 4 BTG (inertial
measurement unit, IMU) & &G B HE H - F45 12
BRI T-3E B, BEAE AR XS T b ThT % 266 %k T 44 LA
K TFHRRIAIRTIZ Bl o 7F TC L AR 42 ik =Xy S 4 4k
By NE LU SNPRZERERZ Rl N PRE R sl N N
I ARSI | AR 0 2 P 6 5 D7 TR T
—FRIITAE. Zhang %5 A (2020a) F UCHHRDIAE A
5 2538 /5 1Y LoRa(short for long range ) £ A W FH T
P 2 A 42 A XU, R Lo Ra 422 A0 ity 1) WU £k A1
R 1 e MR AR Dl 5 5 N [ 20 iR 25, JF R IR B
TG, ATTE 15 m (BRI EE5E ) 5L 25 m A9 00 T 46
TP o Niu %5 A (2018) B UK FE 1 B X AT 4
REHY R T AR AG I, I A e 17 o B i H 05—
FETR IR X T AL IRAF 5 5 NG 3 Y 56 R MM
WL K2 Yang 55 A (2014) B8R T H P fEE i
iz SE AR g s MR S = Ry R R R
1 55 T AL 9 12 B AT B T X S A SR & i
A28 1 B Ay EA TN TN, HLASCR W) s TR Gemd
AR AL B T 7k
2.1.2 AP EHHYBHIXT R

] A X T LSS B A B AS R0 2 (A A
BRI R 2, SEBRIEFZEA R PHdL Tk K
IS SR RE TR ST HY Guo 5E A (2016) #2 1! —
PR TRER R B RS LR G H R T BT
B FPERNZ A IR T — A3 B AT B
HEAT R BE SR MG , 45 ] T AL A s Sy 5L T8
A FM A HLTIF T RAN BRI EE T 1 STy
o WO BFFE Bt Zheng 55 A (2008 ) $2 ) —Fh 3k
SR = e BV T DN (N R O A
(global positioning system, GPS) H & HH H#E Wi A AT
B, TR P — R R 5 AR B LI Ty
FF T IS B TR 2 RORRE T B A R T
17k, il — 2R E PR RE . Wang % A (2017a)
PR — LT b B B (GPS B ) B % 3h H (1) st 13
W5 205 B B & A & 1947 R, AR DL
HC Dy s s, R A B s A ) H R 0, BAY

A2 1R A A5 R T SR
2.1.3 AWML H PR %A%

PR N B FLA T Ay TR R 40T ek a0 T A o 2R
S EFRACFAHZEARNK A ZRE TR EZ a0 .
SR [ PN N A B8R0 S 5 A X e 2, A Jek
U P OB CEAR R TAERCR A AR LR
JAE i E B B TR R RGBT Lu 55 A (2022)
Pt — o 3 1T 7 AL IR A 5 SN ST ol i A
R 5T 2 BTG sl SGE FE i SUBvE, Dho
IR R 22 S5 Ok (R SR — B m] B, Qi 4 N (2018)
PR T Wk W PRI v By Ak e Stk 1) B3 R 355 Bl R
MFEA o B HU R 2% Zhang 58 A (2018) $2 i T —Fp it
TREBETFHUBAINE G154 (454 MLase B
LT B U o0 B3 W Ve A ) G B VA 4
o A FHLRE A A D% & A1 4 kAT B0, S35
Kl 20Tk 76% .

2.2 ASENBBAZEEME
2.2.1 HhRERAEZALEE A

T RMLAE A X S50 5 E 582 R e E
Rl R A, I A SHLE AR SRR,
FRRIBLAS AR B AR s A X — S R A7 2
ISP ET S it T — Rl AR E , DLE (TG
BN P, il N A R — iR BB R LA )
/N (Figueredo 45 ,2021) o I ARBHE K% T 6 A
FHEE DMEBLZR A, 48 T — il 4 L2 A 45 A6
T3 A T MEDLER AT B T A2 ] i,
TRy P ) T AR A 22 4 (4K, 2020) o 2lUEE T
A T ] ABLYMEZE ORI Tl AL #S A B 12
B 7 , AT LASE IR Tl AL A A e e, e A
B4 (4518,2018) .

TR ) [ 35728 B LS B %8 4 (1 2L )
BT L3O A sh R R R G AT T AN iR
G250 M 5P A48 SR T, X & F 8l
R FE WA B L MR A TS H RS
W7 ,2022) o TEAE K Chu %5 A (2023) i ) H 325
B2z 4 By R IT FRMERFSE , % T XU 2 il 5 N5
N T REM PMEFN A T REAIF & v i 40 24 ) 502 T
g, P m R KBRS 0T T S A
R H R R, T Z WIS B T 2 8T 45 7= 4=
OB ff A1 BN Tl B2, 254 DA B Thu i 5
TS SR 29, W T 25T B g R
7R A A L A B B AR R %, A F B
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BRI S (1R, 2022) . KEIBE R
AT RS S M WA AR R T L2 H 32 5
5T 25 3 51 A0 BRAT R REAE , DT Ay A DR )
AR MR (1345 ,2021) .

HHERFEITIFLI T — A s &
YoBu FUHLIM T-IE R 45/ R &¢ , vT LA [R]Inf DA T~ A1 5~
RENZE Wiz 8l (Fang 55, 2015) . J7 P R2ZEFET
MIBBAENLAS N R IT T 12 sl il R s S AR AR AL AT
9%, ISR R B BB N S 3 — U5 B AR A%
GE YT AR BE A A, SR RO ) AR
I7 e, 2022) o T 2R Tl K241 18] B 25 7 H Al
fe 5 H VR L BT T 28 B BB EENLES N R G
I8, WA T —F&2 | FmEE R e LS A
ARG, AR L H SR TR L L 4
WL 54 I 1148 R IR 55 T 5 B R B R () R (55 g
W,2022) o HE b KA 1 R SRR LA
N SR B PR 28 000 09 18 B4 5 i 4R
Jr AR R TR (BRH F,2022) .
2.2.2 RS BAHBIZERPLAR N

Py MM R DA P PR 56350 1 A P i 9 i
S BRIS FEA A T REE B 2 RS LA T A
BOHESE, R S et T —Fh RGBT %,
X RERY R 45 RUAILAS ARG S UL R I R
BRFZTFENREMRAZNSE (X,
2022). AR EES K 2FE R BE R RL S , X AR iR
S5 HLES NAEH IS 58 3T 7 i I, LAAR
T Re MR 55 L as AT A B P R (X3
2022) . HERHR SR EA DURS LA A 24, A
PLES N SRR KB ol N AZ I B8 ]I OC | BRI
ML LR BT 6 A6 5 5 2R 98 Uit 5 102 P ' T Je It
78, Ry 58, i IR S5 LA NS R K s i B
AV, S IR 2 R 5517 B R AR B = 3 AL
AR SS BE ) (AR % ,2022) . AERGHE T K2 F 42
BT — RS BN IR S5 HILA ) S SR W (] B 5 X
N BRGNSk ML s NS5 B o ALz sl R, S
PB4 ERR B R T (Yuan 45,2021)

A RIS IT I 1) A0 A2 R AL S A
P T BT 42 A A HLIB Sl AR b L AR AR
) ) A i B LAk e B N S LA S A B Y
Bl 8 (Wang 5 ,2021b) o1& AR R4 XT3 52 15N
FER A BT R T HARE A B0 B e
N LB E T E AN BE R T AT 0 4 R SR

(Zhang %5 ,2023) . LB T K2R %5 B 45 A
DN 5 A 15 Sl B A LAV BT oK 5 4 AE , 32 R LA
B TAE= B e Hoz s fg L 8 1 7 — Fh 9-DOF
(degrees of freedom ) |- i HE &2 11 25 5 A 1 Sl B L 2%
AL RSO e R A A A BRI R H R
T BD (RS 45 ,2022) o Hrim R R 2450 — IR
= BE et 1 MAKO Bl AGHBD T 4 oGy B4
AT AT A BRI R B 5T RS TR T Ay
P, W SR WAL AS A By JRE O 7 5 48 mT A A
T ARITFE AR S R A5t 4 ik 2 WA T L 1097 ™
A B R A IR R O R AT L SRAT 4 A A
W25 R (BB 3 45 ,2022) o PR BH Tl KA 1)
JRC B B 5T JBOULIA) g AN R 8 Rl — AR S B v
FEBLAT B RSP BEALAS AL $R T — A i R
FIIK 342 BE AR R BAT 9 1l B A 2 B0pe il
57 TEASAL 3 A 52 L T N AR e A i ) R (2
PR, 2022)

2.2.3 HEZKEHEIHEA

WL Tl R A R S 45 S 52 S o B KAt
SE ML NI T i L 2 w7 3 ey T (£
50,2019) o B RUIBVE R 7 LA AZHL AR NS5 R 2%
HAZ G R BIAE BURTE I GAE MW FE R 2, R F Sk
WFFE MG 3 B i ARFE N A T A A LA A
AT ST IR , (S AL B 27 T IRALREE Azl
BT S SRS WHIZ B R IR T T A T A A
BRI HT

FE I BT X LR N ZCH AT AR e, i) 2
% 863 THRI S HF T ML AN BB I A2 2 (i 1
® %,2020), HETENCEAZRKAFAMLN T
2% A FE AL AR A7, o BAT ] A g 2 A T
o] /N E B HLAS A b, LA AR R A
FEBE I RZEHLES A (http : //www. abilix. com/) , {0515
Bl R 3 AL#E A (https : //m. ubtrobot. com/cn/products/e-
bot/) , K% Z B HL#% A\ Robomaster S1 (https://www.
dji. com/ en/robomaster-s1)%

B AR 2 Gao 55 N (2022¢ ) &5 A 7 il A WL 14 AR
ARE R E R R Y B2 BHE LGN R 24
27 ST BOR A B SG4TSR . BIE Tl
K2z oh A WL N AE R 4 (robot operating system,
ROS) Hl Ubuntu, #5 # T — % pAS | 5 P E AT R
e 2 R Shblas AP, ] S0 I 7 A BN 4%
il (R AR ER Y ,2019) o JERTHT R4 i —Fh
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BT S AR5 S TR0 G B R BUA B i, A
BEFALG )y o R 5 A SR T EL AT LSS H ok
LR A B IARSES (4 5k, 2018)
2.3 MERANIERE
2.3.1 iBFiR

B N PR 1B SR AT T R T 2 A TR
o RE A BE A Bl Ak 5T T 4 S T 2 T speech-
transformer F7Y A 1515 A\ H & N 7 % (Fan 45,2019,
2021a) . ZJ7 Z AT LA FH B 251803 5 $E Ui aE A
A B T R IR RE . TSSO AR
TARGE/INE P B U AR 5 it 38 i DRl 1
H 1 N 5 U 5 2% (Qian Fl Zhou,, 2022 ; Qian 45
2022) , LA I 52 B v F 3 5% B 11 3 N [R) R
W E AR R R AR KA SRR A T 2T
TR G, D910 G 35 A A ) 9 ol D) 46 1 ity 32) o 15
¥ (code-switching,, CS) H #li# 3 51 77 7% (Huang
8,2019) o BFXPSEPRXSIE SE B, PEAE Tl KA
S RA VRS T 3 T XS R HAR LA S s RS
TE B U 7 1 (Wei 55 ,2022a,b) o X SE 3R
A, ] PN A O 5 R AR T i DG T S B ki 3 5
2 Fhdg 5 B IS N A
2.3.2 RS

TR AN &5 B P T —Fh i
B A 75 203H 51 MFA-Coformer (multi-scale feature
aggregation conformer) 4% ¥4 (Zhang % ,2022b) .,
Bl R AR K2 SRR RS 2 A 3L T IR B iR A
5 2] SCRTE TR NS 512 (Li 45, 2022a) , il 21 3K
B2 2 BFATRE P AR A B AN FAE [ 4 5 2K
PN 55 2R ] B 5 A1 X 55 SR 19 J7 v (Hu 5%, 2022) , 42
B T ORI 5 5 SRl AN D RO 150
PRZACYE . Ak, ERFEBE A S T i 1 3
T WY A A (1 75 SORFAE 3 B DL RO T 4
W UiE A4t 1 (Fan %, 2021b,2022)
2.3.3 XGRS

B X X 1 2o AT T 1 B 40035 (] AL, ey R Tl
KA T 22 A B o X R R 48 (Qin &
2020b) o At KA E X /N E R O 1 R 5, B
TR T e ) I ZRHESE (Song 55, 2020) . |1
2R 2E 5 LA FIA IF R T 25 T AE (Lan
4520185 Chen %5 ,2018) , FH LA T 135 B R 3L T
s Ak SE T A BEPERE o T AR AR X TR s
TR G 5 A U RBE G ) ) 17 S e A5 4l

P T — RSk S R 2 T A SR |
IR EAE % (Zhang %5 , 2020c ; Shao %, 2022 ; Gao %,
2022b) g TXTIERGER WA
2.3.4 EHEAM

FETE A AT, [ P9 i 22 R 8 AR o 3
PRAGH , JUHAE /AR AR S A s e T
ZHTAE, HERESFEIHRSD ARSI E TS
A KM E A 7 0 (Li %5 ,2022b) . P ERFE R
R T IR G RS A5 5 125 (Liu 45, 2022) K
— PR A PR R A G Y vk (Peng #1 Ling,
2022) , IR FEE T o02E S 25 F IS A A T
e EBLERE B B I TR B AR UE A
S & AR A B B e TR R et
(Wang %5 ,2020b) . PHdb Tolk K2 5 RIS 42 H
)& o8 PR 1E A A A Glow-WaveGan2 (Lei 28,
2022) 1, SR FHIE T A5 00 A i 10 Uil A i
FER T I S A UIE A A5 ], T R B Ui A A A
Bt S E T o BRI o < D
BB AL A T AR A IR 55 HESh
T ARSI ) T5 M1 AP 2 R
2.4 ANZEHRMEERTRS TN

FEBCE AR AT AL B 2 AT A E R AR T
AL T T, P9 A 5T i 2 A A B B . Xiong A
(2022) 42 3 SOMNUS,, 38 i:f 56 T KE EAF 19 719 i ik
FE R T AL A B A e B . Ak BT AR
AT R AR B4 T B A B 2 2 AR ARG I (i B )
EIHE,2022) , 7E28 B ACEE AR 45 1w, B A A
BI (business intelligence) . E. , i 40 B B (1) Quick
BI, WLERHE 1Y FineBI 45 24 5 47 A2 B A 84l A8 46k
SRIM X 46 T H B N TR, B e Ak )y i
95, Chen %5 A (2023) 42 HH Rigel , i F—Fh#7 A
7 IR S B ik L 0 T B A R A o R R
A R VE R 5 RS A BB Li 45 A (2023) 2
tH HiTailor, B0 T B & TAFE# 56 i 2 P %
(AR  (HIX 28 TAETC A 24D BR B L2 ol 454
SRR B AR . AL, E P o8 R e 4 1 ik
P AT BLEAT 28 B HRAE , FH G 15 BE AL IR AR X
b FEEEF T IAL T T, A A R e 4 (2020)
T 3 X B 2R B AT AL L 45 R SCAR URE G ]
FEHERESS B A P S T A AT AT 55 . AEARIE T Ak
D7, 5K SR (2013) 48 T —AN T WAk g B RS Bl 2
-6 xS R R AL, BB P af ) PR
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PR B MIAE A (2010) %) 24t i) RIHIE 4717 B
PEAT AT AL, A B TP 6 AR AT PR A W 3
(2021) 45 AHH P RLAR R A A o A B TAR v
PAAE B~ Az o~ BRAR P R ME

3 ERSMREREILER

3.1 ANZEHRPBRMITE

JEH A B AR A [ N A1 B BIF 5T 0 R AN 2 1 BT
TRo AMATE , B AN E BRI AR U 0 I 5 i
FRARL, AR5 AT N[ BB AR i, [
R T I T 0 R AR S T O AR 4 kX
BB | AR50 ST A B B I P 5 5
FE] AN 35 T 45 TR A JBRH T B 4k & e e o RV

HAT BRI P 8 RE AT 27 B A o RIS
ZI7H, E NAMITIE K R o (R RAE R 5
T, [ A AT 50 B AT AN TR PN BOE 5 0
FHTERCE AR R AT 500 J2 i 9 B, EL R 47 5t ot
N B — s [EI AT 5 0 TR R S R R A
BRI E S, 3 e H S T S e gl
IR BARAT A REA TN, 2R S SOR TS o [R]I
AN BRI AT ) e e 5 Ry il EL 5 2 R
(LIRS I 22 ROk B P SR EE R T AR 45 )
1117 ] A7 BRURR R A5 ) IF AR 2D, L5 T5 10] 45¢
N i E TG R . R R
(2 B U [ N 2235 B 22 5 i 22 ) SR Ak
SAH AT ARSI, AR N BB DL S, HEsh R
TR U 3R] R

F1 BATEREARE RSN R ESTE

Table 1 Comparison of domestic and foreign research progress on sensing technologies

A

[ 41

1) 5T W5 1 S R e O A4 ik ) TR B A A [ S A5
A0 T4 R BB R D7 TR g i o 2) %A R AL RUR 2
R, EEWIHE T IOL AR e i xS BB s ik A LR B

AR
WA, 2R T T A

D)W S A 1] T 52 R 2 Q8T , 2 R I C A TR 4R 5 2)
R A0 BB USRI S 5 3) 18 W) AT DAy SRR 45 T 5 A [ A

HOF-

BT HUGE A IR R JC L AR HE Ak 2y R
ARBITFE LR, A B 2 PR A9 T 2R 9B fig
AR

PATE AR G Tl R DL Kb [ 2 Be A S AR E P o ARER A AR (AR 2 T A P B sy, “2 52
TEFE TS N TR B0 S22 1T 14938 ) [ PR /K

MRS

1) B 5 A ) T 17 3 5% A B8 5 2) F 5 4K
Pim ok AT H I S R 4R 5 3) it
AF A BB U R, T 2 4 i
FH P L PR S A

3.2 ASHEAXRERBE

FEl P AL DM ERLES AR AL BTN £
TER AN B2 AW 5T, (H 2 [ A Tk M ERL S
UNCLY)IE S L e PN E SR LR o £ PR B u L
PRI R BB A BT SR IR ML AN T AL UMELK
PEROTE LR . A A 302 3 i AHLEMERT ST 32 2 4R
HR T s B A R R AR S TR BB L A
BT UNGIN (RO | EZ 2 AR PN AR
2RO | A S R S R R R UM A S
AT NS HAFZATT [ PN BV R LR T
6] BT | L R AR A4, T 1 M i B 44
AP SR T 5T, [ A A4 AR SEBIE 5 B 22 fi 1] T ) 44
VR AL BRI P18 A AN DTIR AR 07 1

[l PN e 55 BIL e A BT 5 SN 4 b TR AR S ik
THAIEOARSEBL, [ A A AT 41 X T S B 28

B ELF A ) By (5 FHIPAN U BT 22— Lk R B L
ar NFFE U, (B A DG 9T B vh THOR FL R Ge ot
&, T FEAMHSCHIFE R T A EARMT A, Bt — 20
SR BB A B HT P R B 2 A H AR 1) 2
VT N OC T E S HLAR A G B BIFE 32 24 v
TR SARHLAF A B A B R RE T, LA
FATAZ M2 b EAUPL 8 N BIFHOCHTSE . B AN
IO 5 60 T 5 %) RS2 RIAAR 38 AH DG 1 PRV R B
N 2CE HLAs AWESE B AR 2 46 T STEAM
(science, technology, engineering, art, and math) 2
B EEE ML ANZE L T ESMYBETE b B
BHEHEN)Z IEA R R TS NBORFHICH Z:
AHAET [ AP e 22 AL &8 N 12 2 & R, [ Y 8 i
FERMEE D . BEE AT AL AFBE HLAF A
AT SR, 2 U R R T — Dl i G TE
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3.3 MERKANMIERE

TEF RS R SORON AR & A s, [ A Ak
WE5E 07 ) ], I i B B 3 1 1 R B 2R
BRI L R A AR TR S SR SR )2 G
T BMORYE, E ST LA A 45 5 [ N B 22
R T e B TR A B [ G R S R
ML LA M Google . Facebook 2541, LS Br b FH R &
o], FE S BIEHESE EASC TR TAE . EINZEAR S
A ERE B A ShEBFFE T JE R AL Tl
PN el AR Y N NSO D S E - )
e T U B U EOR Y FEMERE 5 Ak
e 228, I 22 UCTE [ PR OC L B8 rh U4t (2.
TE—SE UG P R e 705 B AT Rk o X E B
48771, E AN KBRS R TP AT ik
Sl i, X6 1 A b ) IR R R A T AR
BEALLL R A PEAC A )y T R IT T ) 2 5T o
3.4 AZEHRWHETHRS TR

2 TR S AT AL AN [F) 2R HOR Z 1]
MR i o i, e SRS SCHRMERLSS | e e 7R Ik
PEIE H, S K ke Fn RBRPER R . A8 N AE AL
. AR AR A T AR R  HEA S ik
B A AR R 2250, R 2 76 AL A B 1 $i a0 A8 46
L5 AT AAR AT, [ YA SE 1 AL T ZE BT BE . 2011 4F
B, [ AN IR PR ZOR R 3 25 5 AL B4 Bh %
A2 4, ) PN R AR DG R R R T A
Je ) BLA A BA RGN A2 BB 2 ae ) B &
Al AL (H A e e R A e = B B . TR
P A2 B T IRAL, B R TS L B AR AT Ay T
=] S BIF 0 P R A A Y 2SS B [ N I
B Ly Ak

F2 HETHESATRUREEINZARZ BHMNESITEE
Table 2 Comparison of tasks among techniques in

data transformation and visualization

TRWE  BE EM e
A AL Xt
JRRBAER N A * * * * -
JRIRE G 2 - * ok Kok ok -
Jr R EE AR T X - *hkk  kk kK

BT B AR
VR TR, kR B

* k k - - *

4 RREZSRE

4.1 ANMZEHRHBRMITE

B % e AL JRES B 112 3 K, 1 FH R
AT P A BARE A o —Fhka . B TAE
AR CAE R Z H S B AR R 3 5 RUTE 55 h s T
AP R B 2 2 B A BT B = . TRl
TR B8 #R AN F 2 AL ARG N AT R AT
JERHT T 2200 T AR 22 [0 110 25 S s SR AR
1%, TR 5 W58 o 5 B A B AT AT T
T, A6 S R FME LATE b, 55 A1, AR 22 AR R
FERBMHS T b i 5 ) == 5 M A A v (G ey
XA 50 A58 FREIAR , AT I 1B A 2% 20 1) %
ARSI ME S . 28 L AR R A5
RS PR AL
4.2 AEHNBAZERWHE

BEE Tl Ak 4. 0 AR RE K e, N T8 REHE AR X
LS A8 801 R T HLEs AE ATt &g 32
IR NS et JNEE S B & 7)Y (W oo =1 )
TR . AL AT AR D R AR, B
R R BT, W& F I A o, SR AE A R i
WA Be7E 0% IR AMLAE B4 D, 7R I
65 UE B A 301 D0 R 2 K B AR A o SR, A
BT EANC S g A B LT & R
A% BT E NP AR IR A S LA
2 H S EAE R — A~ B RS 5 ), R
TR PE PR 58 B S 0 LA R S PR 28 i 4 30
PRI BIFIE 7 T, AR I 5 22 2R Ge e iR 3 1 oG+
WITREHE 5 A H XM R AL AN B et
4.3 MEXANIERZE

WHE R GBS A EARBCO 2, CfEE 2
a AN Y o H EITAE AR SR i LA
F5, 45 A BAR AN B B R 5 P RATE R K
FER DA R AN R BF Y . e R TR A T
T, 7R (0 B A T S IS A S . PR AL
PN S BT N UE B 76 % 8 Uil AN By, LA
L H SRR AR E AR s
WEr RS N o A OCHR SR 4 e 5 YR 3 IR
R e W s A PR i R e At — 2
ZHAEWR . SO, &5 A IR KA AL (Fan 45,
2021b) , FEHUH 2 R A AETE SR B A SR R
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SERAATVE ST R JETT 1) o Xk R GE 07 I AE SR 2
A WA T USOGHIE ZR 48, 45 A I 2R A5 7 (Kim 45
2021a; Kim %, 2021b; Lai 55 ,2021) , Jf il 615 g |
PR M RITRAE T T e A RORS B, LSS AL 35
BAEREALRY HAr. BARTF  7E AN & XI5 R
gerp AR P EAACRR AR BT b 9 S A E
OYFRGE, LS PR AT K L 52 3 ok 2
oG
4.4 ANZEHHEHETHRSATHRL

NS B A2 e 55 T IR A i AL T
LW B 2 R AR A Kk A 5 22 T e gk
P e de , Bt s TAEROR . ARSI 1) 7T LA ST I
PIRZE . B, B AN BEE AR e s 5
i v B A4 1 B A KPS e I R . Horp
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