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7 MR 2% AE S [R] B 1) Fr B A Bh 2, Xk 4 el A= P AR AE
(140, ECGFIEEG) #1417 E N EERME,
T XTI RS SRS -

53

X BEE TR GhLas 2 > 2 IRIE BRl & T IR A
FRAETE R RECAETA B NN R AR
TRERA PR, AT LUR IR SR A E LR AR - 72
B EMAN BB T, ENEE 5T LI
BRIz ERER S - R, ENhEFEEE L
el as o > EIR R H IR, U H X RE AR
WIERR . HEAREAF R ZIREGER, 55
I TAEFT e R E BN, H HARETTIE A
IR BRI ARG E R R - I, 7R3 L8 E B
YR, MAEREEREEEEE R RE, B
RETERGHARFEIBOR, WREAISFEALE
RERARIZIR(E R & B2 .«

2) BIATHEENLE.

# M2 M 4% (Convolutional neural net-
work, CNN) S&—# R Bk 5D B IR B
BLHI VR B 2 S ZEM[103] - H20124E#E, MEG 4L
HENEF IR - BREFT O, CNNEZL A
FHEREES T R R ACR - — 7 TH, CNNBERUHIFE
RTIEEMENEFSHNE, FEHRAT KRS
RIS MMESS AT RE[104]; H—J7H, £
W R A PR SR I 2 RS Bl & R4S, CNNE
G R BRI R E AN AR, WL T H AR AL
e AR EFIR105] -

TECNNHR B /) 612 & H &, XL ¢
Rmxmxcmi% /j—:\‘ z'_[;é—ﬁ ]\ fl:%:_ ﬁE i Kl c anxomi%
TRCout ™R/ Fn x nHIBEFZ, B! € RCut KR
BILEE, [ERBUGHRE - NHZZEER B H
FEX! e RIPSTIXETEICou (bR B HUE B
K FREBNITRL,, (1 < uo < 2
1 < w < Copy) BRI UMRIEZ 101 BAFH -

00 oo Cin
l —1 1 .. 1
Puyvw = Z Z Z Liturj+org " ki,j,w o x(2,7) + b
t=—00 j=—00 q=1
. )1 0Z4,5<n
x(i,7) = { 0 others

xiL,v,w = f(zi,v,w)
(10)

IR, CNNCDAER L BE BRt &5 EUE
TFRIRSE, 0T B2 ) FICNNI R 12 Wi i
B BRSO EIAT LS 5 38 1R N AR R
FIEL T, B REHRESSE AR BT R
Hoar e REA T A H#HITREZREEEME, N
TSEAL T % 2 R 12 W 2L pthE I 4R[106] - T
B s TR AR IBE N AR EE 1, BR T [R5
Bl AL, CNNHIEFERE THWERMAE
%, MNIMEZESE BRA AP BE T FEM0
SRR . ] i0ZhanggE A\ [107)f# FHCNNE i = K 15
E%ﬁ%%ﬁﬁﬁ%%ﬁ@%,uﬁﬁmﬁiﬁﬁ
FREETT -
3) VEEAFHLZRNLE:

TEEAHZZE 2% (Recurrent neural network, RNN)
& A T AL HEE A A ECE ) an & 108180 X
ZK[109]. RNNHIFEIE LT Z R FEZERE, 1
FHEEN— 1T #HIZTKBEE T —PMETT,
DT ERNNF] DL BR8] % &[110]- f{H 2, %
B ONF AT KB, RNNZE 5 H L RE By 2, fif
HAELERZESEEMRET . NTHRX
ASE, AAITRIRNNAY 7 1R 2 2o, & B 3y
FERZRSIATTENS, KB MY (Long
Short Memory Network, LSTM) [111], |11 7&¥f
BT M 22 W 4% (Gated Recurrent Unit neural net-
work, GRU) [112]F1EFIEEAHLEMLE[113] -

LSTM[114]2& —MUF R FURNN, T8 HIRNNAY
Bh B I R B AR N (AL R o VR R 4% HR RO — N L 1]
BRI R, AR S E R — RSOk
N, BET KN ITERMEREE - MLSTMH
FHEIC BT, BB B ELENBER (RE
REFEAE) |, MIVHERR T EEETE R RE, FHaem N
BEAEE D KPFH 2R 50R . Zhang®
AP K EE R BN T i 5 &, B ED
FE AL LS TMR 1R B4 BARS [ A1 H B & B
2 B AR, SEIREE R KR, BEEEEIHLH
FILSTMAENS I8 1 Xof 7E 22 387 18] <6 2 R S Ae (5 B AT
A 1T 2T E B R 1 TR A B AR B AR AE A A AT
BOR . BRT IR FHLSTM A BSR4 1E LLSEHR
ERRE R TIESN, HMAEICNNSLSTMARSS &3 T4F
TERRI B EMER T 2N A - Kavigg A[115]5F
1® T LSTMFICNN A 82 iR T 78 2 4 R R Rl A Y
NAEUL . Chen% A[113]%: T CNNAIW AILSTMi%
T —MERNHITIRES ZHEZIRFEMEEME
RERY ] DLRIE ey O L B T A R T R RO S



BB EFMETFHEMERE, AL
BLHE HEeM - Nt%E A (11615 FLSTMFICNNAE
BT MRS EEMEMBLEN, TAKEE . &
R RS R EERAITEE, W SEE T X
YHIEFRAT T it I ZE AN A T -

GRU[ 171/ & T WIER FILSTM—HE, #2h T fi#
P R ROE Ab 3T AR rP RNNAR RS | fE HY BN 2 [ 1%
FERS S TE R e R e R R . HIL, EREZECEER
{557, GRUALSTM#ERERILH T AH LT RERI L&
fit 71, [HGRUMH TLSTMER E ST ERIMTE, M
MAER L = A T 2 H[118] - Zhao%F A[119]FF
PNMTRERS [BME (& A A A28 (5 50 F i R 52 58 14
WA RBREE) Wi ABIGRUBRI | DI EZ RS
Bl A 5 B T RET A FI0 7 S5 BN i % A2 S iR
BRI . tbAN, SLSTMARE, EERtE—L T
TE2 3 GRUFICNNAH 45 & F T 2R E B EL &k
FAES, Hln, fF FHCNNAGRUK)SE 4 fl & B 23 45
AE DUE IR W FE AR [120], 181t 2 RECNNTE
B B 4 I Bl A GRUHE B A S (8] 152 31 R 1E LLZ T 2
TR 98 955 2 B gL 1217, i FHCNNFIGRUR £ Al i Y
il &5 CNN-GRUR £ R EEME /R 1S 1A« Mg /R AT ) &
BRI R 08 B B IE S B VR RIS 5 3 4 Y
HIREEE[122]55 -

4) HIEBITHEM L.

BERTHEMLE (Transformer) [123]2& —FRF
TE R JIHL I EE A B R B Ao W 4% R IR 2 ) 4
¥, B RV ZE G5 B R LR AR 4 A
MR R, ELHT I M 4% ] DO I g — e
H— L BIER R EES . EHERIISEF, T
EIAFHEX, BIEBEIVEHITO N ER, Eids
PARS RS IR B AR (Q) -~ B (K) #
B (V) =ZMFHE, REREIDTEREEERE M
g&%ﬁ,%ﬁwﬁ—ﬁﬁwﬁ¥ﬁﬁ%FK%ﬁ§

Attention(Q, K, V) = Softmax(QiKT)V
s Vi

TransformerfE % LS TM— F£ 3 K K BE & - 7141
kR, HEFHEAMETNTXEORLOHFEK
FIF, WERZHITzE, BEEET B
P[124] - E I, TransformerZR 4 #% # H ) 55 & FH
F BRIE = 4 FEAE S5 PLSTMES (% 47 28 4 X LA 4b 38
FIEFI TS, HERSZET RAEBER
AR PRAT S5 RIS T AR RO BE B FH[125] -
bEJE, Mo BERE I E /4 (Vision Trans-
former, ViT)[126]# H B I #HF Transformer# 3 A
SR —EFF AN ERSOR - EIERIERRES T
TR EGR I = EEGE . H EREEE W REIEG
r2R1127]~ EARREMI128]  FIMGAE AR 129155 4T3 11
ﬁ&%%%%ﬁﬂhVﬁEE&ﬁ—ﬁk%%ﬁ%ﬁ
A][130] -

(11

13

TransformerfE M0HI ~ SCA < RGN [ R BV R
Qb FRAT S5 H P R B A4 S 1 R B2 B T TransformerXsf
ZEEWIEBR RSN BERT, XFHE
T2 REZEISEEMNREWEER A LS
H . Transformer§ 2 A — 19 F 1 15 B ab #
S5meaTlE. EERBRITANTESF, Zhangss
A[1311% FTransformer tH T — # £ #H 5 B &
AHEZR N Bl B R R A R S A W R AE
HMNEG « HFHM AT FRR =R 2 HES
FRAE, ZIEZREME TEHSMwHFIEMs &£
BESFFE S, 7EABAW3 Competition ) B 77 Il iz
18 TEXPRAIAUM > %5 38 B9 24 B s A Al 4t - 7
TR NTAESSH, Wang%F A[132]% T Transformer#g
H T — R Bl 77 £ TransModality, M ST -
Lo A0 22 S R BRI R AR H H TR IE R £
BREEMME, AT ZEITERED TS,
FECMUMOSI - MELDFIIEMOCAP= ™84 & [ Bt
BT ERREFMERE. EREBMETST,
FH: T Transformer) X E H & N 2 A KGRl A R
BIMATR([133], @ ANAF R ERREZESE RN
HAHTEGEE, BET 2R LT XUERE IR
A FIEBR KRS RS, WNMEZ N ER
?%E%ﬁ%ﬁi@%?ﬁﬁ%ﬁ%%ﬁﬁﬂ%ﬁ
HE o
5) ZME2ES:

Z M EEE 2B EHHELUEIE LT, NAF
S~ RIE - A HEAE S IE R EdE . B
T, HIOUR S 8- HHEAN R BIE ORI [ —
N5, HOER—FHHENPAFRRES, AEMETLAE
THIR— ANEIT R, DL R —+ A8 ER B AL & iR
w5 B P InESE, #HE T 2 M EEIE134] -
Bopibles2E S 5L, B2 W EHEUEPHE A R M
FEEDEN 2 IRE, EHTHEREARES
SRR, BAENMABEIINGHERMERLT 55
IS, MM LS X £ 40 B e B Rl & 4
MramsKk[135]. TUCEE, 7 JL+ 8k 2 0 K i iE
SR EEM ERFERIERE r — HAEEM
SIS TE[136] ~ IR ARIEAR[137] ~ #1345 [138]1FHE ST
G139 T BRI K . BERHERT, £
MEEREZES - BESERLHE . BiaFEK,
HohEZMEES) WELRE. ZME%ES] Mult-
view learning, MVL) E7EiE2H & 2 AR BUFFIEEL
FR IR DAL T 3 [R] i 4 11E 25 8] 58 Al Bk A1 4R[ 1401,
H Bl E R PIMVLT ¥ 52 R 22 70 B B e 5 21— > A
HEIEZE], i K2 B i/ B — 20,
1417 -

it EHLTEF, MVLRSEEESNLEYS)
B REE S SEE R T ERMAREL, #ia8
K TUHZHEBEMEE, WhEIIZR142], 2%
S43)1FF 22\ [144)5% - hED)IIZR e B %
MEEIIHRZ—, 2—RETHEERE X
SIHE . ZhHEESEFHAE N ME S BEERZE R
TG — 1R, REFHIESREE
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P N AR = NS o 53 o 7 a5 B e v = R o v e o4 G
FEOLLS HAl o REE R BRI TG, BRI
TR TR, DISEIS £ 45 K833 THE
B2 R, BHE R aeAUE AR E 8 R A i
BERERE IR . RIS EERT = MR,
Al rt—=& TR E LR MFHET K, (b)FF
BME—— I E B B B bR BTN AR [F] FR 25 A LR
FRERER, DL RSB — B, M
P YA I N e B L L VR 5 g s N 2
{HIB W SO DI FE SR e 12 2, BIEFERE T
Z2EFTROTH FIREH ML &M TRERT
E[145? 1. ZZFIHTHATHESHES NS
MMZRECR IR AR A, BB E &M
L EE A N A IR E S R s, %2
N F 20 E AR B R R . IR SR R B
P& T AR 2 AT KRB =K, BTE AR
MHE ZRERTE . TREFZE . G E
iR EE AR Z MR EETE A DRI
AT TZEREEFEM ZZRE, ZREZTE
T T NXE G A& AT IERSRRE I A RE, #r
ARG R EEFERE kMg N —MESZ
RS FIRGE T IR REL, EB o B B 2 XN
5] R AZ 34T PP 81 2 > FE Rl & DUF & AR SR R
B, ZBERBNE T ENZREZ T IEREERR
MRES G N HEITHAER GERE2REHE) . N
T X — 4 R R R 5 ) e LUK B e B o, BRIV PR
MR LAME— R TERZ A BN s mAE, H
B2 N Z R BT R R EH, it s/ N EN]
R EN R R &, SR s SE B xE % 2
Fe2E S [Al[146] . F 28122 >] 788 T BO A
B & MIZIBTE T 25 B A R RS 2 ] 3L =
FIBZETZE . BERETZM, Bl IEE#T
JEEEAESS, FlnsrR1441F0R K [147]. HTIBET
25 A I ERUR T s AL R B 4E 5L, BRIt F 25 8]
22 ) R E R D AR I

ITEESR VRE SR R R BN T 5
WHRBIREZFEA, BFEE T ZME2EIFEARNZ T
WARRE, EMEAMEE2EIFEAREES SR T
KEZMEEIMFH A —HE, ZME%EIE
BhEFA[148] ~ TBEN[149] - HIFE 1L M L%[150] -
R T AR A [151]  MERE A 1521 5 A i =
MEFRBCFIR BIGE TT, FEFZAESHEUS T =it
BAEERIRE . AN, FUREX L R
EHHRESIERPEE . GBRE¥%S, MK
BT AR Z R A M Pk, 78 RER T R
TR MES, 075 2 1 B 2 5] AR R A H
FoRZSI[153]~ #RAZET[154]~ P B 22 5][155] -
TC W B 22 ST [156]58 58 13 IR 5 2 ) BOR LATH 2 SEFR R
KRB T - Flan, (1510158 284 7 G B =
Wi FEAR AR A B 2 AL B, SR AR AT
B, MNMAERETAZZ MRS RESHIIEG T H
I EAEIRAIRE ;. BEJE (153178 2 11 B 2R A 3
B, 5IARRES], Nm#E—S8RA T &t 2

B ZMEEIRE L5 RERE; 15515 B 215K
BOMCEE rO R, $2H T — MR T B &M E E R
ZMEE BB REE, Ed HEN RN E R
ECE B~ A5 AN [F A0 B A DTER AR, AT R 22 1 [ 2
SN ATIREN IR ETRSE; R T XRFE
PREBIR A B EEAES, (15615 % T2
ETC B IEERE, fRH T —MER B&ENAE R
AL A EE 1 2 A B T MR BRI e R R, AR
R 2 AR 2 > T IR AR S AN R AL R R B A
e LERG 1) [R] -

6) iTFE2>).

RE AR % > 768 2 AU P BB T BRI AR
oy, ENFEEGRMFEE—ENRHEE. ATH
A 5B ECIR B 7 ¥ B AR B2 I ZR A it £ s B
RS, RAEaRESINEESREERE
R IYIERSEG], BAT1S MR B+ R A 5
fiio SR, TEVFZHBOT, W R R)IZRETEE
WRERT - FENT, EREATIERR . RERRE
22 > AT LUGE G B K E AR IL AR I/ SR AE — B
& ESREXA R, BERZEHT, RIRCHSE
%%mu&%,ﬁ@%%WM%ﬁﬂﬁﬂﬁﬁﬁﬁ
THE.

T2 >] BFEIE T RN RE A RS B & Y
FHRRIE =R e BhRsk BRI, DL D H
PR >) 200 K& H PR AR B 1571, Btk &
TESBARTBRTHES], 20 LR RER
—MERGER . Flt, 7E£BRXKENEIREAYEE
FIBRHI T, Wan%s A[158) 5 FIRE TR E T
—MAET AV EAE SN IREIER & B %,
DL 72 B A B S HEF IR e T HE R P B, sy
ﬁﬁﬁ%&iﬁﬁﬁﬁ¢ﬁ&%%ﬂ%%%@%ﬁ
— ki, -

HTETHGA TR EARE L, BATE %
SER A S AT (E 5) FIES (E 6) AR
TIEAT T R o TERETY Sy Y SEAF) A T 5%
SAETE T, EX6Hf(X;) = {Plyk | z:) | yk €
Yik=1,2,---,|Y|}e TESEFRMAF, —ME0ETH
ZANHHIANTEREGBREGERR . Flan, &
i T8 o SE A AR 2 W B  B TRAE S Te FOUR I D
El]IDS = {(l’,y) | x; € XS?Z/’L' € Ysai =1,-- >ns}°
B ARE V2 AR PRC B SE B F1/ER BREE PR 1058
IEEN
FESL S, (8 TSP RIED = {X, P(X) P HFFHE

B X RN G HP(X)PER T H AL . seik, #F

SXER—NEFIE, BIX = {z |z € X,i =

1,2,--- ,n}e

T 6. (1E55) IR T HHIMEST = {Y, fIHRZE
ZRYMIRERESHM - Hp, RERE R —
PR EHIREL, WFEAEE b 2 ) e ) o A
3,

RIE1591H X iE R 22 TS HITH R E L, &
T E TIEB IR RZEIEI . Hf, mT&



TRIFBEIMESHEE, RS =1, MR
MR BEFTFBES), RZWHEFRIB¥ES . —
LR M ET »f > 209i%E, Flan[160], 1M Ej
HT ZRE B &1L B2 538 5
TEmS = 1055 (BEEnS =mT = 18%%) -
EN 7 T BES)) HE—D (sHh—%) JE
HWmS ¢ NYRVRES (BT, {(Ds,,Ts,) | i =
1,---,m%}) , PAKAHRAErEmT € NTAIH
WwiES (B, {(Dg,Tr) | i =1,---,mT}) |
A 2 ) ) AR S8 P R A B AR SR IR R R R
Brhi=1,---,mD) £ BrEmT LRERE -

HHESH, RIEAU  RIRES, TR S TR
SAME, BIEMER Y SIfEMER 23 [161] .
T A FR I EE M R AE 2 (A R o, — s E R
H T RIEERE2ES) i . EREERESF, —ik
W R BRI AE A R A8 BB B AE, M AT A
AR IERE A R 22 [ 162] 8 1 28 & W A5 [ 163K VA 2
W IR, XFMEREEREZEH N HAML, FlUn
FEIE B KR A, — MRS [ 4l ] gE B S
[E] A& S, BREABE Y [164]- Mk, —2Eff5T
H— DR T & Am, B EE ARIE S 8 5
BT FENR TR E—FWE%2ES] - BT 9
MIESLZ A, FAERE 2 5] 10 75 B AIE 25 (A& KL
XIS E R FUE e 2E ) E 2 24[165] -

7) AT T ZIRE B & T

TR EE AR Fr g BB AR E B Bk 3R (5 BAE
HITE BRLARHASER A =, T ATHEN
Z RIS B Rl A TEZE ] DL o N BR A Bl& AT [l Bl &
RAEZE[166] - B A& HESR 2 R AR IR Fan A i i 1
Tl B[R] — N BR S AFAE RS A A, DU SRR S
HATRELA AN, WP E R A AEZE R T S R AN A
TREHE FOAFE Bl R 5515 B T3 I RS & R IE 2
B RER e R, I SE A ERL G - A& B [ —
Fo & R R =S B S AN FHREGE 1T (5 B E, BFT
SEMEZVRE BEFN, 15 E AR T ERFFAF IR
R A FE R HEAR PR R E, 4 2 R(E BAE A
LA RN SEEAE B EI[167] -

RIEwMARIERE, BEES T HEERERSER
B EMEZESEEMAMIE, MAZIEIE AT
XA Eg - 1BE - A B ES - BE%R
FESE . HA, S THREERESEEMEESME,
AE B Gt s 22 ) T 1ER RIR B 2 2] J7 1A
BRI - MBS EH AMTTE, AR
NG B BB iz #R mT LU A R B — A8 7 b 7 R — 2R %G
P2, MEZEREESERBMAENEEFEZ N AFREEL
A 43 1] b FEAN [] SR B B3 DR P e AR 12 B B 3%
P[168]. FEEARIFMESH, ZSNlesE B H
T 5 4 1T B RN T 5B SR BTE A R B RO TR IR 3 B
TR AEEE, CNNE T F R H 25 (8] 5 A HY
BIE (EMG - HI%) , RNNRJKEE = @EaE
EALNHEEERFRAMEIE (0K F5)
M Transformer 2 A 14 F BB GE N 15 H AL 27

15

IR« TS — HEEIR A 2 SO - B —4EEL
P H AR B A BRI AL B AR 1 (B HVE B s I RE AR SR
& . R, Bohlese ) BAEH H T OB IE&
PARRIEIRR & L5, M TERAE LTS
B NIEE 22 S A iR Fr IR R B EE ), FTERIE
BRESENERER . METEZEEEME
1SS, SR RADECE R A 75 K2 M DLk 5 1Y
HAMES, XMTFELZREMEME, FlEE
F|DenseNet A~ A8 . 17 R SR E o Ho b A 1 fi
B G T 2 B E RS 22 3] 7 iEME L B0 3 E AR -3
AW ZEEGEBBAERAES, 1691 RE T —FZF
SF AR e NS (5] AR AL o, A 5 0 3 o R 3 A
FFAE B2 AN [B] AR SO B 1) 2 RSB B AT -

REETIRE S HAROZIRE BRE FARAEM
B4 21701~ BAREMI171]~ EEZIRAI172]- ES
PR B 731F0 N AT T 13 1l (44155 s H #REBUS T 18
SHIRCR, 3R TR B R AT A A4S -
B, MIELTESVLEESIEA, FEEE S EAE
BN E P GREIE A R BUE A S E DL B
Ja SRR e R EFE UL S5, I H 2 Transformerfd 14
TEDH A I ERIGERAGEER RIFZL
TE[174], XE—ERE LR T —RIRE %S 8
FIN R - T RO — Bk, R 2 S FEME DA
REE R B GEARPE R, RAERS)I%EF
FF /D& B AR # T AR B ke, R
TR KRR TSR E[175], [5G E %S ARG
filg N T/ NSRRI 46 -

3 A

AT BFEIE X 2R E BRA VN E R A0 T
SINT,  LUHS B X R P AT R R A 15 FR B A
FILL - EEERFMESF, ZEERBREHERNES
2RER - BAEEEEMTHEE . NIRRT &
EE SN S HEEAERS N HE[176? —194]FE
e (E) -

SR FA, 82,

LS 9,

1.93%
B
&

5,156, MMM, 291,
) 9.51%

K 10. ZIREEMEEANFNHMBA X EM L XR
(FE: ZEITHFIAI920184E1 A1 H £20224E12 31 A, SRR
T Google scholar)

WK, ZHTRESFREZE, ATTTES SRS
Ry S M SCRRIROE - it 38X 1 5 SCA D 2
B, ATTRECT RS H RS R A TR, DU
BRS8N G BRGE T AR S SR AE SR BR R Y
DENEFIEAENE -
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31 FENH

i 5 B s S BB ALAY, F85 51 & PR
2 AE BE BRI . X EE,
DA ZE A B 15 B AR G0 i & SERS A 98 i B4R it &
T~ AFHERIE S, ERNRERS R R EUE T B
Phi[195]. T AIATIEERRNEREER,
TR ME LU T SE O TR AR 15 B Y 22 T 0 A LLEAT
B S HEPRAG1196], A AT« FHIECE BT AR
Ero7 - BFt, ETFZIREBRE ) ELERL
%g&,ﬁ%ﬁﬁ%%%*%@%ﬁﬂﬁﬂ%ﬁ%

3.1.1 BEiMeE

R AN RE 1E B A& e 28 5 50 K T8 5 R S S
BREL, " BEREEAMHEMBUFHAN RFE
So PHIEMRIEHE — B EE M E N R
FRAMMEM S & IRITIE% - T MBS
WARIFEL R AMEBATEE AL - WRBIEERS
Bt HiEEASHIEMNER - WA - R
B, —SRHELASHFEBHETE, EZ2EEKHE
HRERE[198]. Ht, R BRMNESS R
T, XTEBE N E MR L IREURE B TR A LU
CELSE RS < B B A St B RS R R AR R
KAGHEHR IESERE HRE . FR, XHEEH
TSLESE A R o TR ERCR - R - PL
FBBLEYE AN M PREE AT SR 555 B bR -

o, ZIREBM AWK RGEXT B
B B BRI e R, T FE 4 W AT S5
WEBREMSEHNE . Fli0, Kessel® A[199]7F
Y b W AN s B T R IR SRR I R S A A
Z 5 B &R R R al FE %, DL K Nowak %
ﬁmg%%%%%@éﬂka@ﬁ%%ﬁ&%%
L

3.1.2 HZEWM

e b, FmARNEA RN ES R E S K
7Y, (BEXTF— s ey el ©iTEH A 550
ZHNEIIRT S, KRR —FRESHMEL A
B~ AT REUERIH I, NS — kAT H
PRl IERZE EE T, EEB& T EER N
AT R B ATBE I [201] . M BT, IEXT TR L RITER
M P =M FECERE T —%ift R, HIF
£ HILERAR « IBE TR LB —(EIR S % %
m@, X NREE AN LA
MEMI[202] -

X 2T IR E S MFEE ZIRE B A R 5 R0t
P REEABEEILE, MR ECE 4w = W
MER, MNEIE L AHERBEZEEE
AR A U AT DU R ke o B — (SR 5 2 B0, T
BN ERN SRR Epm . ik, %
TLZURE BB A 2, wiak o T P E 2K A5
DLW EBERARRRZ—-

3.1.3 BN

i35 BB A MR S RO, ARBIEA
SZ B REBFEEMFRIE, XS SFEERETH,
TSN ERAE A T R A R R E . H e,
H A EHEN AP BSNERRGELIHE — 1A
PR P, RfE BEFEYSEMES L, NI
D NRBAEROHEPE B EN195]- IR, IAFEIRLE
AN LRSS IR R, AR L TRAL AR R
BT R AN B S — R, BN S EA
WLZ BIFIANEAE, FENLER A AL TR B = 2 0% O Uk
B, HRAESEEN RGBS FFH[203, 204] -

LIRS B R & RN A Sut R K B35 B T E
AR EHAEHEES . BR, BHARBREALESE
PR MR Y A AR, FEdEENEREN
T, FEBERME S R, RIS EE 50 R 5T M M A
HHR B [2051M 5 P ANLE RSB - M EH B
IWHEFIN Y5, 2ETZIREGEA P TR
LEFRRA] . WI206]@0E S B BT W FILL /MR G Y
SR, URBI WITRERE N ML EERRE,

MTTAEAE AL —AT SRR « BEVERAHE IR H A5 o

3.1.4 EEFISM
ETZFEEEMAEMBERELE S B EVLEA -
FEHN A RS R EEF AR EREN BT
15512071 ZURME ERlE7H B T S 5 B vERR )
REEGERE, WERENEYS R NFHLZEEEME
PR IR BEAE . DASE R IR I B R S B A E
B[208]~ AKBHEFFFIBREETIM 209155455 -
BrTOXERAMB AN SR, £TZ
RS B A 8 BInRE: - SR, —BEREHI
BHE S5 M, il 40 Yaakov Bar-ShalomZE T U1
HEfE Tt EIE M IRE ER A TE, RETFEZHT
TEHALSS ) B PRI B B E DA 26 ZE — R I AT ER R
58Tk, HAERT KEMF L LIIREZIRE
FLRA FOR A2 BN S A el O P [210] -

3.1.5 RN

— NRKEFEEARGRNZL AL IR A 1 =
COFRIFGREHE . AR 2 L IREE . SR . TRIAIAL
o LEAENYEE W EEHMTR S, &L
RIERBET A, SR L& R IE RS
HISEFODRMT Z4M83ER - R, fEv—1
PHEAKSE « ME B SSARRE R, T =f18eR A AT
TR R S AW YA« PR . DUSR [T RIFIER
TS . Al EE M 2 EHAER SR AR
#, HEHEEMMEAERIRE, SEE™ TR
NRTWESEZERE, HFELEEETFEMANEAM
PR A SRR A T - AE IR AIER N
HEE 2 —, " FEAR MG LIS ASY 2
(B 15 B A H, M A AR BB B3 3 A7 e )
MR HI211] -

plinks S o I W - e Wl N DR L R S A R
fh[212]~ HREERESHAL[213] IR T A& LFH[214] -



TAERE 215155 R, #1585 A E R i T Bk
MRS . BAME, ZWRERMEZHER
ZF R TR 0 2% T R 020 A B v IR 4% U ) B A T
[216], HBLsOT = ERERIRL & T AR A RET Al
F R R L R PUS R EAR ) B 2R

3.1.6 FFEXRF#1RA]

F 8 A T2 IR B ) 3 AL S5 2 1R Al B Ok & TR
FAEARERTESPHLAEEEEEN . A,
HTHEETFZARLZSSRESHIHEERE, Mtz
FEEFR L ERANT BHEIMERE T E 240,
HR B —%& 3 ex 05 5 &M E T 2R 150 2y
MELIM &E[217]. Hib, W MAREZWESH X
SHEBERFESIAHEERE—PHEE, X#E15
FrE RS emiR BN T ENE R Z 27 i EE IR
[&[218] -

ZIRE G — B2 E & 2R EE
FAGEZ . 191 T —FETDSTHEH L (Z#HL
A WAIEE2.3.17 2) ) BRETH%AE, FENZIR
FRHTE A PIFER AE R T HEAAR S TIEMRE
AR R E R AR Y, BEE 218 FE LA
ETDSTHICH — DA THRZEHEE, NmELZIR
BEEMANETEES THRXAMEENIEES HiL
HESMHEERmZ B PMEERR, TOHE T HE
g%ﬁ@%ﬁ%%%m,ﬁﬁ%ﬁﬁTﬁﬁmﬂﬁ

3.2 EEFHGF
3.2.1 AT HIRF

FEVEUN & THE - @RI . A\ AETE A
WEIESh IS S T, AT A RBIEEFE K
SLHMEMHRE L, TEEESGEREINEF
TR AT « EASEEHBY AR TE AN B 22 08 &5 4T3[ 220] -
TR, BEEANDZRIHBRAIE, FZFE A0
BRAR A X BSAR B, 1R 1) 5w R A3 B8 B T LA Bl T
BA7 AT B4 £ THD R B RS A R B, X A 45 A ARAT AR
R PR R AR R T[22 1 AR 22 51 A (22218 AT e 4 18 1 BB
BEWFAE . AN, ANEITMIRBE LSRN EFH
FLSLINT AR A FE S FRRIER S, X BE T MM
FBE W 2 8] SER S B AR RENE . TS A RE
g WS B R EE R, DISEI R R . BETR -
FYRIT I B AR[223] -

B N ARAT S IR A1) 3 B 5 4R HP 7R {3 A B
DAL REES[224] « BB B FFAE (225704 FE£5(226],
BIRIX LA TR 8 EERTCEE SUX
SRR, BB SRR R 5 2 25
TN E PR AN B R B R R R [227] - HL, h
T RS FIFEIE - FFEM 5 2K 23175 A0 R A1
EOEI, FEMA KR, DURERNARZENAE
P BBERNZILEE 1112201, TEAAEFT RIRBIES
W, e SRR £ A [R) EL SR R R 55 4 K g
HATHEAEM T REXREE, wWE6)FT~R) L

17

BED 2RSS BN« VERMERZ MME228], FE
o Al A AN TR 4 SR AT AR R i SR R D N R PR
B S, DABUAS: B U fe A 43 R 2 I M DL SC B ) B s 1
fE[229] -

3.2.2 AT

&2 B B ZE T S5 T 7 9238 1 T T o0 i SRR
PSR T A ZE A4S ZE BN [230], SRTIIXENZAL T
HEEM « BUORE - BIK « B FRRA R AL AT Pl & H
MRIRAIEE FR[116], M 1S T 25 50 L E
BALYNBERNER . SREMFNERRT SN
w2, BIE & MEUESUEE R AR . &
1 BFIEUE R (.35 77 5 B FE 5 8UE 44T Im
T Sy BT X R EUHE SR T A E F4 2301 TR AL
KR ZE T U IO AR IR KA B 55k I i 52 38
BE, WARIMEFRN . EES . BT UHK
B B RGR . AT RERWARSE - X IERIE
BEUE . SBEEN (WMIEAARS ARKE) HEE
FESURF RS, BT EMmEdE. Hit, W THREE
FEERITIINSE B [2301GTHEE R 122705
H 1% ) AR R Rl A 5 20 8 TR S T =R 5k A9
FEN TS . an, 231115 AN R AR IR A0 8 T B e 3
1715 BRI A SR FIN B Z2A1 4% 2R BRI I 78 5E B0 -

o, BRENSEEELE R AMEE R,
M2 KOEEFIEFET TP RER
5 BRlE /o — B G Pt i ESS1232] . LT
RGRITN v, PSR RLA B A0 HT AR S A e 3R
R EEE - FEERRE BTN R ZE T 7 iR
ft BT (2331 B, E I N L IRAE RS B LR
A0, BEMREEMBRMESMEREZN RN
B, TR R B SR . HIt, LR BRd
RN T SE B R R R TR T ) 5 R R R B AR
[E[234] -

323 HEEJT

BHFEEEM I R ERETETERLY
BT AR SS B, 0T EIT REAT WL XT B HT B 7
SK[235], T T A B KR AT ol — P H AR T
T ET R R R E T R A E M
(2019 £ ER A BE =T T ML) 143612 £ 7T,
TR R7E BiF K 16.2%[236]) - ARREIBIE%E
S EEEE AR EBE AT EOAFEEFE (F)
., O EFRES 8] T3] AR SAD = 4 & o Bl iR kA R
BIZZ B IR ST RER) | EILeim
%%ﬂ&%ﬁ%%—%%%%%ﬁ@ﬂﬂ%%%%
LEH237] -

MREE B — (5 B ME LA X A0 2 B FIRE IR, T
ZIRE BRI & F AR M ISR EET R AT LIS HT
NAFEESFAEREGE (WOBEE - ME -« shik
MmE - AIT1E - B BREE - JLEE - FUHAL
B RafE i - PRI . CEAFICESE) | BT
BRACBIESE N T BRI A (23810 MU AR R R



18

(2391 RIEXS ZYRIE BRLE TR, By
TR EETT AL B Z B [240] -

3.2.4 BEW

BEE BX R A AR AR « B A H , HET
B R0 35 2 ) R BE 2 B wT DU Bh A P 5B T R AR -
R AV B XURS: i 2 B0 (R 56 B by ol . BRI R
WR41HE B O EEMER, 5EE A&
HZEE, XFEEREET LS AAMEFH
EHUMHELZEREGER . #i N EE T
BEWBIMERE RSk BMEBERNEEHITES
VREhA BRI ZE AT DASC IR VR . T T S 3
AN, TN RE 2 SR S R A E AL, LARHBS
205 S e o, HH L B F R [242] -

4 Pl 5 RF

AT R EAR T w2 VRS B RS BT B ]
A, REE T AEPRIR AR A R AR RN A SR B PR -
FET XL R, RE T ZIRE SRS R
KA SETT I -

4.1 AR PR
4.1.1 BUEZEHE

S, ZIRESREENIE R LR
HRIRTHAE A EE= W, A% RS BT 52 B A0 £ 5
7 Ty - — R L W AN RS R 1R AT 0 28 ANl e 1 Y
oM - R YRGB Rl e BT A H Ao Rk
X BEHRAE, I 2 IR RS 2 R B T AR 15 S B R
DANGEE RN B AR AN . BRI S, A5
EHIEX ZIRE B RS RS ORMFA AR LI A

=

D) [FERATENE: ZEWEEEUEYHR
SH T 7 RS RR E PE[243] - 1B BRI E AR
T E AR REFIE S, R T 25 P AR
BIEAA—EE, UETRZRIEEUET IHIEER
KRR G ATHERA X 52441« BN, FERR K
ES5H, MEUREE . SCEEE 2 HTEEE KR
AR E LT 5 BUK 2 8L 07 % B0 IR ARG AR TR
JE 2 S L BRI (2451 - X — T EAILT AL
BT VAAE — S E AR SS R, [RIE 3R
TR B E MRS R B A BORARAN .

2) MREYE (FIRMZE) . 8T o HEE,
TNE DRI ER LA REGE, MHTZHER
MFRZ AR ES 1§ XESHEE . REZRE, X
ARG RS R MR . JTHELEE
ARETEEREBEIE A & M [246] - HI,
PEATZ RS Bl E BB, A O BRI AT P R
R SEARTHISE - LA 57 211 [247] -

3) [FEBRE: EWEMNAL, AYERNE R
NEERENENAY T —METLEERNE ST
551248], HEEERNBEANHEAETHER

VR, A REFHZEEAE B RE BIEHECE, N
MEMEEEKR, FEEEEERNREIREREERFE
RE KR [249] -

4) BUERRIFAGE . BRSSP R AR 45
TR EE N BIREMIEEM L TR+ - (B5H
ZIREIERN G F EE A S ETR IR S , SRTRE
ERBEEARNARE, TEMAPEIEAFEREZH
ELE BRI ANE 458 BOEUE B A [E] A REE
TRe 0, SOREYEIEF B EBIE W R E RN,
ARG =4k 8 F R Fit, BEEAFR
e RGBS RE — 8 2 06 A8 E 12501 -

5) BURRIFE N EFRTE F AR 7E L PRl &1 F2
X ESNME BRI T, NmESRE > L2
WEFHMHUUMAIRE, ZAEES RS RS+
TCRE W W, &AL RIS R — LR a7 5
AlRES BB R /NRERE B B E TR £E
FPAEEEMUMRRE . WA R R A
P LG BRAE R B 7R = 38, @& Bk gEs
R WiZ G — T T S BORR S R B S R[28] -

B R B T 2R AN 52 = AR T 51 S 1 ¢ B 1] A
G, ARIFBR—F50IEES, ZRERBBMEER
HIGEEIE N FT B SR (FLERE —EB 958 5%
5) BiA APkt . HA, RN T E W
TR Z N E RS EIRECE, R EREEMALH
B, (%R AR NE R BEs B G R hm B FR I
YEHR Ry A LR IR A TR BT RS T S 5 LAY
WIEIRZE - B &1L B iR e 1L & T 1% B 2s
iR ZIR1E BREL G A H, BEESH TIEMR
FRRTREANE], MME K RIFmIEUERL & T iEHFER
S EZ AR B REE R, DUCHEEEH A
Rt |21 o S HEHBESMABMAEIEY, AFE
R4 FIEUEAE 2R Bl A HOD Z B 1T BE & 253 AN Y
BT, NS EEUE M ELFRL - X 1SR SR
MR H, SERETEXT 57 RS A SUb LR E S
BAER R ZELTSIEM R SR TR . Kb, 7
BURE®E £, BRSO T Z2VR(E BRE RS
DUHLBE ) S B 1 [m] R o SRR R R IR B B
BHEANRRETESERXEN, MEZIFEMIAM,
TCEZE A FHIREEZ - BN ESE A
MERIXEESE - ZIRIEBBA RS MNFZ AE/
A7 B BOR VRIS X B 208, A WL E=2 2 () B0 52 7] 6
AT RS AER . HH, HTEEREERE ()
BB VRTR R 2 AL FEAE N B O ) SRR 45 R
BHMEEERKKIEmE, NmEZREBBMEEER
WhBLIE BT B & 7 58 0 SR B A b 7 AT 1 FE AR i
A1251]. BEt, WA AT .« @a X e A el
PERSE A AR S — T EE SN AN ENEE
Pkiik[252] -

4.1.2 NAZEME

ALK ZIREEBE RS, ZEIBHAM
R A% 2 PO PR I, 7B SCPr R o L Ih & X By
W - BIEERE . RGN B E SN



Wi271- MkEE LA TR GEFIECIR A S BIS HOR Y
PRIE & R DA SRR T EALAN T AR QM0 A 14 14 5
EERA, EREEER TERANE. REW
I, BrEOREI I8 2 1F B M B 5 7 [F
B, tNZIRERME RGwm K T — 2RI .
R XLk R T =28, Bl m — KL IRE S
A SERFRUE BRlE DL R B4R s =E B A 1)
PREL -

ST —REZIREERANMAMS, 7ELhrNH
T IR B SR BR AN B 4 B P Pk - B SR B
XS A3 G ) — 2E AR WAL 336 47 22 T HE P R ik H
PR ESOIRA, vERR EUE Bk AL PR AE TR 2 JR 25
BAHEIEFMH R EERRE . BERIKETE 2 ERS
itz gidttT, HEHTZ BRREESS253]. 5
HEMREZRFIMEL, £ HRRERESEEE RS
SR T AR KBIE 24k [254] - 8L BAREREE(ES T,
FCHE 5 B 1A 8 2 D o0 A a2 (] S B X R
KR FEE. siEROSRANENMEIRE WA H
bro (GERE) BRI, miEECEPEX S E S
Bk, XA RSt A B ARAPIRAS[207] - %X
P 2 5 7 SR B Hk R S ER T S RlA B TIAL B Y B
FIBIEEE LM ERE . B, EAFRESITRERs
BEHRE—EREEREBIAOSGT, FEB8IEE
BB S BN G K B AE RS RO AT A
., DIESAEREEEdE . HAd, FEhG% g
AL FRAIRE LR, XN TIALBRRY B AT DL (R AR
e FT A B AE T T AT R [255] . TAERE O T
ERPCEEFN T, ZI BT AR A @&y
SR E A E2S6] . KL, X A 2L BR R B % R
BFREAERAME, TNEEWMETHEAGEILEF

RAOHEIRE TIA, MEIREE AL ZE A TR
o P A (E A DAL -

MEE N TEHESET R REIE LS ERE
HIIRFIEOR ) WA R, ZIR(E Bl G RG04%
WL IAE T AR 2 B9 J S5 30E o3 M A S B 2 45 6 Rl
BT o SERTRLE 5 R PR R I 2 1 52 R
PRRER B TR S51257], FENE D E SR &
K B 8 R AN R AR BOI (5 8., A RO
W ZIRER258]. Hik, SENEIE BRESTRFEA
ZEMBTEIE B ABOREUE BT E RS, LIRA
EER A BERR T, R RE L SR AR Ll S5 SR
AL EAIET, WTE BT = BRI B SR =
MBIRE I RE N T ERSE RIS S Y
WELE, &SR TIF2 KRS A -
B0y T BREELFMESHFR, L E RS EAL
o SR R B SRR AL BT K B AR 18] A~ B9
RERI SR RIETT B S RERMTH AL
T HERB D IEIR ) AR 2 B3l il 5 557 Ok B
FIR[259] - BHASEIEAET R EERZEHYR
L MR RREE N F L (WNFE BB RES T,
PRI ZE SR RS Sh 8 & T2 BEh AS BRI, T 15 45
PR SR 2 BEER RIS L) | MXH %R
ENAE BT R[260] «  FEARES R SAS: 25K Rl

19

AR, KRELBSSEREEM A AT E AR
BEFEERBRT ARG R, WM EEEEm
A BT E BRI R R AN ER A 1S T B (261] - BURELE
EROAEENE . BUHE AR SRR AR A R S I AR AN
B, S DUAE R RE B 18] N 58 A R A SE R (5
BREE, NSRS N FR62] -
HHRHAEEME FENH T RIFEZ RO
5, ek B vk L 551263180 Tk i 2
26415 . HAPprH 2R ESmZ e %,
B 2 STk ml ST B 1 & AR 2 10 B B S5 feh %
FLE, flA RGUA T IR R 5B 4 R eSS U 1
TERME, DERTELES . EHEINEER
AT AGE T WD AL BRI SR, BH
T T E IR 4T B . 5 m SRR A ROR -
WEK R FEMEM S, MAEEZSSEER T ZMN
. BEIPNATSH, E4RXEEME
DTN I B i & R R E R (FEIREh
5 ERh& B R 8 13 38 5 AR BS54 ik & TR B SR HE
ERTAMYE) « FEm AR (BRI R A
N Z KRR A ARG R O T B A AT S R
) DU NEMGRIRZ Y (JLFERTE SR RS
HEFRZ R, XESEF 5 PR 8] 0 A B
ST HHEEFETHRSHEEEET FE N
BiE[265]) = oEEBkAL[245] -

4.2 HEIHFFRIAS
4.2.1 HEEWHIRAEOR M S,

BIRZIRE BRLA FIFE R BIS IR 77 1 B2 B
BT RKEMIFSHR AR, HEEEFR 8 A AW
HEL, ZUR(E B E AT EAEW N ZE N fF
EVEH AR PR DU R H st KB SEFE sk o 2
W T, AEEAETERER - #E 7 ERRR
VEAL RO il A 25 AR, — B ZIRE SR &
FIER TR B Y B s AR A HE AT

1) REIREEFEER: YEiEis T EEIRER
FIE LR A E IR EEH, D@
BESERAABEN . EXS IR AL, &
B —RIRE R R T —8 2L LR 7 ikt
TTZREIRAE . oo EH#ITLZ ik A, 1
R HDSTHIS B R ARMGE S, ML E
FhEn& 71RO -

2) BEATTERMELL: 24 Rk, CRE¥%E
IEHE T« BRA R T DL T il A 2 51 &5 5 TH X 2 R
FEBLEF L CHIT K, (HEME FIETEA
BETREL ISR T R267] VERREHFIF, Xt
SCER S R 4E B AT AT~ RAE « T RIS 38
EEHBHEERE LA . WELRTR R TR
AR, BERSTEARRIIR A BE U 2 R (5 Bl &
HORER AR S -

3) BIELERAVEN. FHZIREERASHEAREA
5 RS E P BT EGE o (FFE T SRR
WAHBELE) - ALEGE (BEREAGEBEANFER



20

BERRMME) FAMG e RRE B R R A
ML HEE A G EE A ENE) F9EEEE
HEEL . ItTEEMMAGEENRE, ATE
ENFAGRBZIRE R ECEFEERAMEE -
Br T _ERBERHIS T mAh, ARYE 2 H R RE S
FRBOR R R R T RN TR, AT WA
A2 MAGMMAREE = AEmEFRET
%%Eﬁ@%ﬁﬁﬁﬁﬂﬁ%%ﬁ%ﬁmﬁﬁﬁ%
KM -

4.22 NTHERERAR

BOIL L, 23 £ IR 15 Bl & TIFEA 2
RIET AL ERERIA, Hx L 2 F 2Tt
(B« XRRWATEEERKART ZIREL
AlE BN R, TR S5 A B SE R DL 75 SR S
T NTEBERIARE, —EMRAER. B, XA
TRAREHEIE RPN T 2 RS BRla R
WERH LREELRG M. RE =5 A T EEE
IRE AR FETMIN G BB & 3L 2 N B2 RS
THERFSCRMERERERAR, EXT
ZIRERMEESHMERERENS, e -
MEARE/REL-SOARMLE, BFEART
B2 ) EB LS RS

AL fedn %
sp W AALERG Tk 276
ff 239
= R— 152
W 127 | 688
100 480
384
185 314
2018 2019 2020 2021 2022
LR K & FAy

1. L BEN A T RER AR TE 2 AR 2 IR (E B4 e
%f’)ﬂ% (. BERIETWeb of Science, {X&5it T IELEA IR
=R

1) BXFR2E ) [268]: BRFL 22 ) & — M i 2]
2, Bl £ 7T EAREIR & R R R R R
IGRRERG - BRSOk, (BN —RhRTERIZESTIAEE, B
F BESHMAAEREROE T, BER
OB L T — RINMBIFBX 2 ST B I 2= 6], H
FXATLURZAESS>] - Jues] s ] TRE
)RR 2] 5

2) EERAILHI[269]): FERSIHLHIZ 2 HIREE 2 ]
YU B B A L —, e G AR
FRBR T 55 R R R AN 2 48 FEUARFALE A B 7 VR B o 22 o 4%
MR A TER L0 R BRI T AR EY RTHE
B KB B RE TR E R ROPLE], I XMTER
= HUE R AL B E (5 B I AE 1 E B AU RN
A 2R E SRl A H il K E B 2T KX —3k
EEIR R -

3) &AE2£S][270]: N LR BEEVEAE A E HE BE
K1 TR SRR LLUENAT ST, HEREH
FR¥VE (GnitE e « NEFIBETR) AORIHE KL
A2 R ER N TR RS BIRE TR 2 W& 5 2

5.

AN BT BT 5R 2712731 B . R B S
FINERREZEBEESOOHED TIERE R TE D
FHI LR, IS R R ST [274)F0 2 2 TR
F[27515% - SR, 1EG0 2 By BB 5 IR 25 BT L AH /Y
IREE, BRI 5IEEZ SR & IR — L
FRYE, WESERSHESERTTREYE AT, WREE
2 SRR B B G TR 4 SRAR T R A O e i
B, B ZIRTZE 5 %2 B 52ROk bk
Wit BIR[276] . L, FEHEREZIFSHAL
HEE RS 2 IRE B EE & BIIET A, w74
MRS, WRETIERE 2N ZIRE B A
R B Afa @t - ATEEME . et RERTE, RN
— RN EBERFF T, BIET R RIS A HE LR
R ETERE N ZIRE BB A 7%

4.2.3 FESEENE

bEE LA HECR - BFZEA - REUEFARTFH K
BN BE I, 7 A e B B AR I N B 2 R
mEA, BRI T, BEHERWEYFES
BEALFH 2R [277). N T HIFH R EEEGE S,
Z [E KA 8 T — L i [E 5 A0 ) E A e, s
E LUE BB RS %O r Tolk4.0[278] ~ A [E
382025[2791% - HET, BEEUHIE BB R HLE E

HIL & TR R m R HNE R, DURIEPTE 427
VT B Jor 2 R UE AT LIS A2 A5 12801 - [RIEE, D9 T B

1EHE SR PR RS ESE (WPLESEE - i T
BfiE] . = mdsREE) | /EEEEZ DT EE (I
wERA . EHITR . DA, fE MRS
BOTRR TR PR RS - FE, EEEHE
Werp, PR RCRMIBUAR T ZLE AT A, AR
%ﬁﬁ%ﬁ%%@%%ﬁﬁ%%%%ﬂﬂ&ﬁﬁﬁ

[281] -

QAT e AV AR 7= S 2 A AT M A Rl AR
AT TEARAE S5 == P AT B SR R AT AR I3
AR OX LM B BT B 15 BANGE R, USRI R
T ORIER TN Y An ] SERS I SR BE e, AR
REEFHERZ BRI TR AR A GED
R BB 7 TR 3 S BT LA LR BT 7 F) SR B
fEE, XX&E BT EE LR 2, FE&T
EATHIR AR S« TR R AR R
SCREE OX — B R T — A R R AT R
#[282] -

BAEME, EYE L, AR & Z T
oRE AN N N T SIS K =17 N = R
DB EFER - R, S PERE . FEARGE
HSNGHARK, FYHEZRNZEEE (A
Bl OB S B MRSAFZRMTRE) EA
REZS A - ol 2R Rl a it T T R AR,



A DUSEIR VR AR SEER & - X E NSl . ST
)P 2% (] AR R 7 SR BT DASE I 7 R P A B R A &2 R
ER AT, X R EA R EENERT
7E[283]. B, BRI E PSR - BRI IE
Fig & N TESYHEZE, 1EiESHITe T
P, B 2 B AT RCRAE B URTE N T 1%
B, #1715 BRI FES T

FEF R BEL A RSE — RN ST RIS T
B A ERETFZN YR TG T IR
o WN TR NEE IR IR T M B A VI SR PR
FIBkIR, (28411 FI4E A R GIR B A1 2 RAE SRl & 77
EHET —MEATHEZEREH LA ENE
R AT RSERATEETA; 2851 TLZIREER
AT — N ZRESE RS MRS A L=,
Bl S SRS BENEE, T T B P E S
BERE, #EAVZEREK, HiEd UESEE
O ATREPLSLSS, AT DARE OR SL A8 i FE R ARG BR TR
IRTRANEIS S5 A, 25 P AR E R B SR i
AR E G CREEEME, WET —1
2 SERl A AT 4E PR R, KR SRR A FR B
T Toli% &4 &85 [286]; 41X BB FE/zE T
AR AR I S ESEIES S Sz
. SYEBRSIMAR & R, (2871 LIRS B
BB F LR ARG S, EREZ R HIRE
HELY R, WBERORFCEFRMSETHFRE. R
Bk, HTZHTEERSE . BE AR HEH
L E GRS IR A AR BRI R BT, B
S A BE S EUASHT A 2 B[ 288145 i ST il i s R
s B — Lok (s LA AL AZ B AR -
BRSSP AR O L D R R UL TA] A A
W) | MEIRERRAE CEAN T NX X L i
FI R ARRIE -

424 MNPLF:ED

BEERE AR, VeSO e/, &
wrEXEE. BENARLZRE, ANSVLEE0FMH
ML IEB R AR HEERF R . ZHREFEEMAR
A NSRRI HERZ A L2 b e e &t AT
FRILE, MUSERESESHERE. Fit, APt
AR ZIREER AN ER LR, mEIEE R
AN RLE AN @A EERRE . 25 AL @R AT
PLNZEA A E S AR RIELE R IR -
B~ 40~ 477 1H:

o BUEILEL. PlEmEid e . Wl . Al (%
AR AR, 5 ARBERBEHEE
H—EE =

o FEEIE:. REMNBIETRES TEENRE
B, XBEEBEEFEMTINE ST, T
AEFEREWBIRTT, RIFLERTZHHE KR A S B2
HREARFENEER

o NENFREL:. ARIXS HAERIE AL HE
HIE R — 2

21

o JRYEIEL. ANSHLEIERERRIL,
MEIREES L RESR—EH, PLEERMA
RAEHE T —EL

o frovdtEL. ASHLERILEL H R EE H RN
ok —EH, T RBLX AN FE H R, BAT
RIZA—EX

W& 2RI

o AL A BT T B AR EEE
FEREASBEE e, AEEIRBIESA
EHERIE UL N A SIS BRI RE

o fHEZE: i, PIESEASENY S A
MBS ERIE, MG MBERER, X
BUAR 2 5| RS SRR AR AT IE 2

o BEFZER. BEN=ETHHRE, RIY
A N FAE Bl A A ERDE B NS
B, HENABMNT e AN E T8
NARE, UEFEANEMARASAA
AERAH D NS

o FER%ZE: FRILEEWREMS . BEXME.
SEENE - RIS DM £ RS 2 21

MR AT

o ANRES: MERAPUSEPEMLR, AFIE
S EIRFIT A, KB LA R, TR
B, FF4E HBERE
o MlErES: HLEER AN TR, A2
PERES T ARG F R —IF, PLEaE%NsES
AT RIE BT B ERE
o RAEEST: ASPEMEZES], IFEEHM
KCFEE R, FEEES
R, WA SRR AL L NP EI A R, IER
NRMBERENLES « T ARG HIm B IR PEH - 72
ZIRE R s AR A AR, LUT L
PR IURE & THEUZMERE T, 2EGE
RRTERIAR B F T[] -
D) ETEVERFIIARS

BT B0 AR IR AR IR AR BT L — A KR T
%, BRI EZ B PR MR IS R R AR B
MSLARFIES, DURENTZRPR R, DEZIIA
RN R A FRBFIR, FHZNHTEEEE
R MRS - BREE FAUE - FERBRIAR
N, 2T A BT AR R R RS
7%, BORBEA, A5 2 R AR RS B R
BEBH R REIRIERIEAIRR[247] . BIRFFATLE
HEARCEN AR ETEEMFIREEV RS, H
PASR A R, (B IR BOR B B AR E R,
XS AR S KA )RR R B 2RI B IR 2 &
BRI R AR - 7B 5 F0IRE IEAE R AR A
N T REME o R B B ZERIARIR, S AT 38—
P NI RS BOR C2BUE T B8O AN IS
HE AR MANEFERR . Hik, T
Z R (5 B A& A B T R R AR RS ROy T — R



22

HEREBHEOHR M, EEEHESFNREEEM
KA KR - BIRTE T O S M AU B 5 A0
K, WEShAU AR R, W ok B KK
SN FZEG R - RN, 2SI ASHLE9A
N E B B ERORR IS S R -
2) ZIESEA

H20105- IR, NTHEREHIECEWEME T &
FIRA]  EAGRBIF B INE S A PRSI, . X LT
SRR R —ESES, A LR
B 22 N AN 0 51 130 I 2 MRS BB &
QF . THEEREZIREBBEESH[289]- LM,
RIe B NIE E L B AE B S IR BR8-S . R
FETREE A M R H B AN 3 AN E A B E F 2R & 4
Mro HIt, HARZEESESEEHE RN AEIBHE
A, RN TS AN T Re7E (S B A 155 R
A DL SR IR ML AL fl g R A A LR B N
Z M. AW, BEEARMERINNEET, A
5 ANZ BB my kEEMER, &2 IR AFRE
BNEATERGLEL . B, ATHE—IEEAML
FIANLAS LIRS, B 28 0 70 PR R 22 AR S B0 A8 1
ZIRERANE S ANEF= ALY o 1247 B FE AT 57
AT DA BhE A T A B0 sE ML T BT
2SSt AN AWM ERKPIMNE . 481, e
FIZVRTE A A TR BN AT DU = S kit 1+ LIANIE
B BN R A I 08, 2 TERFTE
TR EE — SR A 290]; 3 EZTREER
HIRBUEB ZEA AR BB S A% DR IE RN 7 20291 -
3) A EEIER AN LR

EREENRERT, REETALERENZ
RS Bl & 2RI R A Z L2 BE DAFR A H A

SRR, (EX T U~ UEZRA S LUR T
7 55 S T [ i E AR A ESS T S, 8 KU A

A FRFE SRAK IH & AMLAZ B 540 A — B B IR K2
DU FRS N, ZAEHEIRES 2T EHFE K
MR A 22 ) AHLZE B A = KBk [292], FE
KA . B2 . HRAESHZESEREANZ B#
AN, PUSEIRNMEL - mR T SN B PRS-
I, N T R#HE I ANLAE B RS FFIR AL R
AIAEZE . M RHIEEE EMEERIETF & - D)
ZIREEHGAEEER, BUENEXMES i
BRSO BN LB BRI -
4) ZHREFERE
EEERSY, EEKEH TIN5
DRBEBENEEIER, BIXSE 5 KB
FREBRL A, MZIRK - (55 BEURE 2 3 A
BAIRAMES, B2 REMNERMRNE R IGETE
P TEGER T, TR E A N N TR LSS
DUAS [RIHL R B M5 BLFEAT SRR BE 0% K15 B RS VB IR 1Y)
A IR AR B I 2B 8 [293] - X e 5 A KRN
METAARMEEM . ENFSEH, AMTHEEE
5 2 16 2 1AV R B I 9OR R R F RIS, &
ANTRDHL B 25 8] B3R B LUK A5 B o Ao 25 0 SR ) 5
020224611 H 15 H 17052653 18703 X HE B (8] U5 77

2, FFANEDRLEE =S [A] O (R (5 B e ATl G, s
27 ERFREE . NI O SRR IR
SRR ANPEAEE g B E A2 TN B
FRITT R, 2 T8 LA BN R KL 4% ) <5 -
R, 6HE B BRI AR A AT N ARSI, A
LA AR A 20 RS B Rl a BRGNS P A -
WL, Aegh TSI ERGEZ R AL IR, 42
IBRE R ZRE SRS, ZREE B S A
= BH BRI ER REERARMEZFNELE X
iR RTEWCE

4.3 BHE

RYEZ RS BRI R RINEE - S AT 5 s A
BORR RS, ARTINHE BRE BOR B R A & it
FTRE. BRK, ZRERMAEBRKFTEERR
e B R RER S ST H UG SRR -

4.3.1 EiHEE

HT A5 AZEE RS THEE B EAR
FEEFL - B~ DR HEENRER
HRENHEE, NMeRHMMBEREELELHAS
ANEBEHEE, #FECMNCHE . TEMEESERE
HIEME REBAERLE . B, K7 0058 T e
ZRIEIREIEFASHSERB AR, AW
FNG ANZ AR REE -

Mg Z [ R IREL G R AFRESSRMET
KIE e FAarLes, BEE B E2 188 DRI,
HAR M G R E A —, BFEEHITHE—
HFEMESE, BTHEESNERLILEEARR, T2

FEHIAH . BbR - KL REERBMITS—, A
T RORT RS RN, DU OSBRI BT E

BREAKFE -

NS HLasEORR & R I8RF AR BRSP4 8 HEAT
AlE, DU LSRR A 5 208 A SR RERS B0 B 20
WA HAYLEE RS A LS - AMLE IR 552
MIES, AR AAER T UGS A Al B 7
NEREE =TI XE T NEINE B EOR &
P, DRI E AME R IR E i e — &
EEASE T 58 BN SR AL 55 B R DA k4T 22 5]
MR HSE - REANE AR & HEAREZE A
LR &R, FEHLEREERE - SR MHE AR, AR
2 B A RN A 7 R AL -

4.3.2 HFHEeRE

BEE 5 B ABRIERT R B R, B4TE . 2Rl
BRE R B E S Aok SR, WiREEw B
FHEEMAXERRZFEL, 2EEMAERAL
KA B bR[294] - X EIFAG T U4 ZIR: BRI EE
b« BRI REAL < @A 7 SRR SR AL RV 5 1
THERELL -

HORME e, BB IEWE R . B—EUE,
HEESERWEE . B2 At BBE . F£



it . BRIPERES TR, BB W R RETEIED
REMERERURAIIR S T . REMEREMETE, N T
ENEEIR - £S5 FFEFNEEENL, ZHEER
B AR GENS R B B E AR . EE S Ui,
RITRLE A BE N - BB IERTERTE . RIS T
AR RELE TR, REMIRIE(ES HInEHI, A
BERGR AR BERETY AR b AR RS BIREL
TPk, JRERL A AR T SLIE BRI L L AN 4
K. I EESEDRE, KIWEERK. BETN
HIRREIL TR, FEONRIAG . SO FIES B irrs)
AL, HIPOrinE S Rt B iE R AL -

5 Rk

YERN—TTEE A X R 058 71 F0 ) & N B
RHGAERER, ZIREERAEEVESA - FRR
SRRt AR ECIR B A R I T 0 S RERD
BRI, X225 R & 5 5e it a A B
W~ HE S EZRRN A AR KIS . N T
Bz RSSO S E e T 2 R E B A 1Y
HRE - BOFTAUR L Rk, DUE RIS E N
FWAIRER, ARG ERE % W E brdE 2 fE
FREFT] N R AR IRGE AT T gt dr, Mg X~
PR JTIERI R =75 TH & Z 4 T E N 225 1)
FFEOL . FIEE, AKIGESNT T 2 IRE SRA BT
IR b, HEE T ARRAREAM -

SRS, S8 AW ER A0 R Al SR IR Rt
UERH: 25 2 R(E B & J7 R FE AR £ B A5t A7)
BEAREMEE, UEANTEGBEERN T £
S B E TR E L B EEHED ) - FRERRR
K—B e AE N — R IRERME TiERN £
FAR®ER . NLEGENZIREBBE TR AR
WA RILBXFEN B ZIEEERMERE T —&
HI| R R B R PR, R X Sk i B & £
RS B & FrEL ) B & & -

22 3k

[1] Bostrom H, Andler SF, Brohede M, Johansson R,
Karlsson A, Van Laere J, et al.. On the definition
of information fusion as a field of research. Institu-
tionen for kommunikation och information; 2007.

[2] Zhang P, Li T, Wang G, Luo C, Chen H, Zhang
J, et al. Multi-source information fusion based on
rough set theory: A review. Information Fusion.
2021;68:85-117.

[3] Bowman C, Morefield C. Multisensor fusion of
target attributes and kinematics. In: 1980 19th
IEEE Conference on Decision and Control includ-
ing the Symposium on Adaptive Processes. IEEE;
1980. p. 837-9.

[4] Berberian M, King G. Towards a paleogeography
and tectonic evolution of Iran. Canadian journal of
earth sciences. 1981;18(2):210-65.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

23

Bai J, Wang J. Improving malware detection
using multi-view ensemble learning. Security and
Communication Networks. 2016;9(17):4227-41.
Steinberg AN, Bowman CL. Revisions to the JDL
data fusion model. In: Handbook of multisensor
data fusion. CRC press; 2017. p. 65-88.
McCullough D. Noninterference and the com-
posability of security properties. In: Proceedings.
1988 IEEE Symposium on Security and Privacy.
IEEE Computer Society; 1988. p. 177-7.

Kadar I. Multi-Source Information Fusion Using
Associative Processing. In: Proceedings of the
2nd National Symposium on Sensors and Sensor
Fusion; 1989. p. 27-31.

Redman TC. The impact of poor data quality
on the typical enterprise. Communications of the
ACM. 1998;41(2):79-82.

Llinas J. A survey and analysis of frameworks
and framework issues for information fusion ap-
plications. In: International Conference on Hybrid
Artificial Intelligence Systems. Springer; 2010. p.
14-23.

Llinas J, Bowman C, Rogova G, Steinberg A,
Waltz E, White F. Revisiting the JDL data fu-
sion model II. SPACE AND NAVAL WARFARE
SYSTEMS COMMAND SAN DIEGO CA; 2004.
Zhang N, Xu G, Zhang Z, Li F. MIFM: multi-
granularity information fusion model for Chi-
nese named entity recognition. IEEE Access.
2019;7:181648-55.

Li ' Y, Yu B, Xue M, Liu T Enhanc-
ing pre-trained Chinese character representation
with word-aligned attention.  arXiv preprint
arXiv:191102821. 2019.

Jia C, Gao H, Chen N, He Y. Machine learning em-
powered beam management for intelligent reflect-
ing surface assisted MmWave networks. China
Communications. 2020;17(10):100-14.

Koch W. On Digital Ethics for Artificial Intel-
ligence and Information Fusion in the Defense
Domain. IEEE Aerospace and Electronic Systems
Magazine. 2021;36(7):94-111.

Li HX, Guo XF. Research on multi-source in-
formation fusion technology. In: International
Academic Conference on Frontiers in Social Sci-
ences and Management Innovation (IAFSM 2019).
Atlantis Press; 2020. p. 24-8.

Zhenzhen S, Hongbing J, Cong T, Zhang Y. A
robust Poisson multi-Bernoulli filter for multi-
target tracking based on arithmetic average fusion.
Chinese Journal of Aeronautics. 2023;36(2):179-
90.

Tianle Y, Run M, Weili W, Zhirong L, Jun D,



24

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Yajuan G, et al. Synthetic damage effect assess-
ment through evidential reasoning approach and
neural fuzzy inference: Application in ship target.
Chinese Journal of Aeronautics. 2022;35(8):143-
57.

Jin J, Zhou W, Yang R, Ye L, Yu L. Edge de-
tection guide network for semantic segmentation
of remote-sensing images. IEEE Geoscience and
Remote Sensing Letters. 2023;20:1-5.

Zhu C, Xiao F, Cao Z. A generalized Rényi di-
vergence for multi-source information fusion with
its application in EEG data analysis. Information
Sciences. 2022;605:225-43.

Song P, Chen C, Zhang L. Evaluation Model of
Click Rate of Electronic Commerce Advertising
Based on Fuzzy Genetic Algorithm. Mobile Net-
works and Applications. 2022:1-10.

Wang M. Check for updates Research on Quadro-
tor UAV Path Planning Optimization Based on
Multi-source Information Fusion Technology of
Ant Colony Optimization Algorithm. In: Com-
munications, Signal Processing, and Systems: Pro-
ceedings of the 11th International Conference on
Communications, Signal Processing, and Systems,
Vol. 1. vol. 872. Springer Nature; 2023. p. 162.
Xiwei W, Bing X, Cihang W, Yiming G, Lingwei
L. Factor graph based navigation and positioning
for control system design: A review. Chinese
Journal of Aeronautics. 2022;35(5):25-39.

Deng J, Liu H, Fang H, Shao S, Wang D, Hou Y,
et al. MgNet: A fault diagnosis approach for multi-
bearing system based on auxiliary bearing and
multi-granularity information fusion. Mechanical
Systems and Signal Processing. 2023;193:110253.
White F. Joint directors of laboratories-technical
panel for C3I, data fusion sub-panel. San Diego:
Naval Ocean Systems Center. 1987.

Han CZ, Zhu HY. Multi-sensor information fu-
sion and automation. Acta Automatica Sinica.
2002;28(SUPP):117-24.

Pan Q, Yu X, Cheng YM, Zhang HC. Essential
methods and progress of information fusion the-
ory. Acta Automatica Sinica. 2003;29(4):599-615.
Khaleghi B, Khamis A, Karray FO, Razavi SN.
Multisensor data fusion: A review of the state-of-
the-art. Information fusion. 2013;14(1):28-44.
Luo C, Gao J, Li X, Mo H, Jiang Q. Sensor-based
autonomous robot navigation under unknown en-
vironments with grid map representation. In: 2014
IEEE Symposium on Swarm Intelligence. IEEE;
2014. p. 1-7.

Li X, Dezert J, Smarandache F, Huang X. Evi-
dence supporting measure of similarity for reduc-

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

ing the complexity in information fusion. Infor-
mation sciences. 2011;181(10):1818-35.

Ahmad H, Dharmadasa I, Ullah F, Babar A. A
Review on C3I Systems’ Security: Vulnerabilities,
Attacks, and Countermeasures. arXiv preprint
arXiv:210411906. 2021.

Wu C. An Overview of the Research and Develop-
ment of Information Warfare in China. Cyberwar,
Netwar and the Revolution in Military Affairs.
2006:173-95.

Salmon P, Stanton N, Walker G, Green D. Situa-
tion awareness measurement: A review of applica-
bility for C4i environments. Applied ergonomics.
2006;37(2):225-38.

Jordan MI, Mitchell TM. Machine learning:
Trends, perspectives, and prospects.  Science.
2015;349(6245):255-60.

Xie C, Li X. Infrared and visible image fusion:
a region-based deep learning method. In: Intelli-
gent Robotics and Applications: 12th International
Conference, ICIRA 2019, Shenyang, China, Au-
gust 8-11, 2019, Proceedings, Part V 12. Springer;
2019. p. 604-15.

Li X, Dai X, Dezert J, Smarandache F. Fusion of
imprecise qualitative information. Applied Intelli-
gence. 2010;33:340-51.

Dong J, Zhuang D, Huang Y, Fu J. Advances in
multi-sensor data fusion: Algorithms and applica-
tions. Sensors. 2009;9(10):7771-84.

Chen K, Zhang Z, Long J. Multisource informa-
tion fusion: key issues, research progress and new
trends. Computer Science. 2013;40(8):6-13.
Gravina R, Alinia P, Ghasemzadeh H, Fortino
G. Multi-sensor fusion in body sensor networks:
State-of-the-art and research challenges. Informa-
tion Fusion. 2017;35:68-80.

Wei W, Liang J. Information fusion in rough
set theory: An overview. Information Fusion.
2019;48:107-18.

Lu P, Dai F. An overview of multi-sensor infor-
mation fusion. In: 2021 6th International Con-
ference on Intelligent Informatics and Biomedical
Sciences (ICIIBMS). vol. 6. IEEE; 2021. p. 5-9.
Gutiérrez R, Rampérez V, Paggi H, Lara JA, So-
riano J. On the use of information fusion tech-
niques to improve information quality: Taxonomy,
opportunities and challenges. Information Fusion.
2022;78:102-37.

Lin H, Garg S, Hu J, Wang X, Piran MJ, Hossain
MS. Data fusion and transfer learning empowered
granular trust evaluation for Internet of Things.
Information Fusion. 2022;78:149-57.

Qiu S, Zhao H, Jiang N, Wang Z, Liu L, An Y,



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

et al. Multi-sensor information fusion based on
machine learning for real applications in human
activity recognition: State-of-the-art and research
challenges. Information Fusion. 2022;80:241-65.
Zhou J, Hong X, Jin P. Information fusion for
multi-source material data: Progress and chal-
lenges. Applied Sciences. 2019;9(17):3473.

Li J, Peng H, Hu H, Luo Z, Tang C. Multimodal
information fusion for automatic aesthetics evalu-
ation of robotic dance poses. International Journal
of Social Robotics. 2020;12(1):5-20.

Li X, Yang W, Dezert J. An airplane image
target’s multifeature fusion recognition method.
Acta Automatica Sinica. 2012;38(8):1298-307.
Huang X, Li X, Wang M, Dezert J. A fusion
machine based on DSmT and PCRS5 for robot’s
map reconstruction. International Journal of Infor-
mation Acquisition. 2006;3(03):201-11.

Luo RC, Kay MG. Multisensor integration and
fusion: issues and approaches. In: Sensor Fusion.
vol. 931. SPIE; 1988. p. 42-9.

Pau LF. Sensor data fusion. Journal of Intelligent
and Robotic Systems. 1988;1(2):103-16.

Blasch E, Kadar I, Salerno J, Kokar MM, Das
S, Powell GM, et al. Issues and challenges of
knowledge representation and reasoning methods
in situation assessment (Level 2 Fusion). Signal
Processing, Sensor Fusion, and Target Recognition
XV. 2006;6235:355-68.

Dasarathy BV. Decision fusion. vol. 1994. IEEE
Computer Society Press Los Alamitos; 1994.
Dong Y, Li X, Dezert J, Zhou R, Zhu C, Ge
SS. Multi-criteria analysis of sensor reliability
for wearable human activity recognition. IEEE
Sensors Journal. 2021;21(17):19144-56.
Goodman IR, Mahler RP, Nguyen HT. Mathemat-
ics of data fusion. vol. 37. Springer Science &
Business Media; 2013.

Bedworth M, O’Brien J. The Omnibus model: a
new model of data fusion? IEEE Aerospace and
Electronic Systems Magazine. 2000;15(4):30-6.
Li X, Dezert J, Huang X. Selection of sources as
a prerequesite for information fusion with applica-
tion to slam. In: 2006 9th International Conference
on Information Fusion. IEEE; 2006. p. 1-8.
Smarandache F, Dezert J, Li X. Refined labels for
qualitative information fusion in decision-making
support system. In: 2009 12th International Con-
ference on Information Fusion. IEEE; 2009. p.
1203-10.

Dong Y, Li X, Dezert J. A new probabilistic
transformation based on evolutionary algorithm
for decision making. In: 2017 20th International

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

25

Conference on Information Fusion (Fusion). IEEE;
2017. p. 1-8.

Ribeiro MI. Kalman and extended kalman filters:
Concept, derivation and properties. Institute for
Systems and Robotics. 2004;43:46.

Wan EA, Van Der Merwe R. The unscented
Kalman filter. Kalman filtering and neural net-
works. 2001:221-80.

Cowles MK, Carlin BP. Markov chain Monte
Carlo convergence diagnostics: a comparative re-
view. Journal of the American Statistical Associa-
tion. 1996;91(434):883-904.

Dempster AP. A generalization of Bayesian in-
ference. Journal of the Royal Statistical Society:
Series B (Methodological). 1968;30(2):205-32.
Shafer G. A mathematical theory of evidence.
vol. 42. Princeton university press; 1976.

Zhao K, Li L, Chen Z, Sun R, Yuan G, Li J. A
survey: Optimization and applications of evidence
fusion algorithm based on Dempster—Shafer the-
ory. Applied Soft Computing. 2022;124:109075.
Smarandache F, Dezert J. Advances and Applica-
tions of DSmT for Information Fusion. Collected
Works, Volume 4. 2015.

Garvey TD, Lowrance JD, Fischler MA. An Infer-
ence Technique for Integrating Knowledge from
Disparate Sources. In: IJCAIL vol. 7. Citeseer;
1981. .

Peng G, Lu Z, Peng J, He D, Li X, Hu B. Robust
tightly coupled pose measurement based on multi-
sensor fusion in mobile robot system. Sensors.
2021;21(16):5522.

Dong Y, Li X, Dezert J, Zhou R, Zhu C, Wei
L, et al. Evidential reasoning with hesitant
fuzzy belief structures for human activity recog-
nition. IEEE Transactions on Fuzzy Systems.
2021;29(12):3607-19.

Dong Y, Li X, Dezert J, Khyam MO, Noor-A-
Rahim M, Ge SS. Dsmt-based fusion strategy
for human activity recognition in body sensor
networks. IEEE Transactions on Industrial Infor-
matics. 2020.

Xiao F. GEJS: A generalized evidential divergence
measure for multisource information fusion. IEEE
Transactions on Systems, Man, and Cybernetics:
Systems. 2022;53(4):2246-58.

Deng Y. D numbers theory: a generalization of
Dempster-Shafer evidence theory. arXiv preprint
arXiv:14053175. 2014.

Pedrycz W, Gacek A, Wang X. Aggregation of
order-2 fuzzy sets. IEEE Transactions on Fuzzy
Systems. 2020;29(11):3570-5.

Zarei E, Khan F, Abbassi R. Importance of



26

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

human reliability in process operation: A critical
analysis. Reliability Engineering & System Safety.
2021;211:107607.

Xiao F, Cao Z, Lin CT. A complex weighted
discounting multisource information fusion with
its application in pattern classification. IEEE
transactions on knowledge and data engineering.
2022.

Xiao F, Pedrycz W. Negation of the quantum mass
function for multisource quantum information fu-
sion with its application to pattern classification.
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence. 2022;45(2):2054-70.

Dong Y, Li X, Dezert J, Zhou R, Zhu C, Cao L,
et al. Multisource Weighted Domain Adaptation
With Evidential Reasoning for Activity Recogni-
tion. IEEE Transactions on Industrial Informatics.
2022;19(4):5530-42.

Dubois D, Prade H. Possibility theory and data
fusion in poorly informed environments. Control
Engineering Practice. 1994;2(5):811-23.

Yan X, Jin Y, Ke X, Hao Z. Multi-task evolution-
ary optimization of multi-echelon location routing
problems via a hierarchical fuzzy graph. Complex
& Intelligent Systems. 2023:1-18.

Yao Y. Constructive and algebraic methods of
the theory of rough sets. Information sciences.
1998;109(1-4):21-47.

Pawlak Z, Skowron A. Rudiments of rough sets.
Information sciences. 2007;177(1):3-27.

Yong L, Congfu X, Yunhe P. A new approach
for data fusion: implement rough set theory in dy-
namic objects distinguishing and tracing. In: 2004
IEEE International Conference on Systems, Man
and Cybernetics (IEEE Cat. No. 04CH37583).
vol. 4. IEEE; 2004. p. 3318-22.

Kanungo T, Mount DM, Netanyahu NS, Piatko
CD, Silverman R, Wu AY. An efficient k-means
clustering algorithm: Analysis and implementa-
tion. IEEE transactions on pattern analysis and
machine intelligence. 2002;24(7):881-92.

LeCun Y, Bengio Y, Hinton G. Deep learning.
nature. 2015;521(7553):436-44.

Levesque HJ. Knowledge representation and
reasoning. Annual review of computer science.
1986;1(1):255-87.

Monga P, Sharma M, Sharma SK. A comprehen-
sive meta-analysis of emerging swarm intelligent
computing techniques and their research trend.
Journal of King Saud University-Computer and
Information Sciences. 2022;34(10):9622-43.
Langfu C, Zhang Q, Yan S, Liman Y, Yixuan
W, Junle W, et al. A method for satellite time

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

series anomaly detection based on fast-DTW and
improved-KNN. Chinese Journal of Aeronautics.
2023;36(2):149-59.

Patino L, Hubner M, King R, Litzenberger M,
Roupioz L, Michon K, et al. Fusion of heteroge-
nous sensor data in border surveillance. Sensors.
2022;22(19):7351.

Xueyuan L, ZHANG X, Yuanhao T, Jianxiang
M. Optimization of digital multi-beamforming for
space-based ADS-B using distributed cooperative
coevolution with an adaptive grouping strategy.
Chinese Journal of Aeronautics. 2023.

Liu D, Bellotto N, Yue S. Deep spiking neural
network for video-based disguise face recognition
based on dynamic facial movements. IEEE trans-
actions on neural networks and learning systems.
2019;31(6):1843-55.

Bulling A, Blanke U, Schiele B. A tutorial on
human activity recognition using body-worn iner-
tial sensors. ACM Computing Surveys (CSUR).
2014;46(3):1-33.

Blasch E, Pham T, Chong CY, Koch W, Leung
H, Braines D, et al. Machine learning/artificial
intelligence for sensor data fusion—opportunities
and challenges. IEEE Aerospace and Electronic
Systems Magazine. 2021;36(7):80-93.

Pisner DA, Schnyer DM. Support vector machine.
In: Machine learning. Elsevier; 2020. p. 101-21.
Cunningham P, Delany SJ. K-nearest neighbour
classifiers-a tutorial. ACM Computing Surveys
(CSUR). 2021;54(6):1-25.

Huijie M, Shunming L, Jiantao L, Zhang Z, Siqi
G. Structured sparsity assisted online convolution
sparse coding and its application on weak signa-
ture detection. Chinese Journal of Aeronautics.
2022;35(1):266-76.

Wickramasinghe I, Kalutarage H. Naive Bayes:
applications, variations and vulnerabilities: a re-
view of literature with code snippets for imple-
mentation. Soft Computing. 2021;25(3):2277-93.
Abdulkareem NM, Abdulazeez AM, et al. Ma-
chine learning classification based on Radom For-
est Algorithm: A review. International Journal of
Science and Business. 2021;5(2):128-42.

Binbin W, Yongwei G, Dong L, Lei D. Supervised
learning with probability interpretation in airfoil
transition judgment. Chinese Journal of Aeronau-
tics. 2023;36(1):91-104.

Banerjee TP, Das S. Multi-sensor data fusion using
support vector machine for motor fault detection.
Information Sciences. 2012;217:96-107.
Razavi-Far R, Cheng B, Saif M, Ahmadi M.
Similarity-learning information-fusion schemes



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

for missing data imputation.
Systems. 2020;187:104805.
Gao Z, Xuan HZ, Zhang H, Wan S, Choo KKR.
Adaptive Fusion and Category-Level Dictionary
Learning Model for Multiview Human Action
Recognition. IEEE Internet of Things Journal.
2019;6(6):9280-93.

Sun YN, Qin W, Xu HW, Tan RZ, Zhang ZL., Shi
WT. A multiphase information fusion strategy for
data-driven quality prediction of industrial batch
processes. Information Sciences. 2022;608:81-95.
Yang G, Lin Y, Bhattacharya P. A driver fatigue
recognition model based on information fusion
and dynamic Bayesian network. Information Sci-
ences. 2010;180(10):1942-54.

Gu J, Wang Z, Kuen J, Ma L, Shahroudy A, Shuai
B, et al. Recent advances in convolutional neural
networks. Pattern recognition. 2018;77:354-77.
Albawi S, Mohammed TA, Al-Zawi S. Under-
standing of a convolutional neural network. In:
2017 international conference on engineering and
technology (ICET). Ieee; 2017. p. 1-6.

Wang J, Chen Y, Hao S, Peng X, Hu L. Deep
learning for sensor-based activity recognition: A
survey. Pattern recognition letters. 2019;119:3-11.
Zhang Z, Xu X, Gong W, Chen Y, Gao H. Efficient
federated convolutional neural network with infor-
mation fusion for rolling bearing fault diagnosis.
Control Engineering Practice. 2021;116:104913.
Liu Z, Zhong S, Liu Q, Xie C, Dai Y, Peng C,
et al. Thyroid nodule recognition using a joint
convolutional neural network with information fu-
sion of ultrasound images and radiofrequency data.
European Radiology. 2021;31(7):5001-11.

Rejaibi E, Komaty A, Meriaudeau F, Agrebi S,
Othmani A. MFCC-based recurrent neural net-
work for automatic clinical depression recognition
and assessment from speech. Biomedical Signal
Processing and Control. 2022;71:103107.
Chandio AA, Asikuzzaman M, Pickering MR,
Leghari M. Cursive Text Recognition in Nat-
ural Scene Images Using Deep Convolutional
Recurrent Neural Network. IEEE Access.
2022;10:10062-78.

Uddin MZ, Hassan MM, Alsanad A, Savaglio
C. A body sensor data fusion and deep recur-
rent neural network-based behavior recognition
approach for robust healthcare. Information Fu-
sion. 2020;55:105-15.

Zhang Q, Yang L, Zhou F. Attention enhanced
long short-term memory network with multi-
source heterogeneous information fusion: An ap-
plication to BGI Genomics. Information Sciences.

Knowledge-Based

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

27

2021;553:305-30.

Hu F, Liu J, Li L, Huang M, Yang C. IoT-
based epidemic monitoring via improved gated
recurrent unit model. IEEE Sensors Journal.
2021;22(18):17439-46.

Chen A, Wang F, Liu W, Chang S, Wang H,
He J, et al Multi-information fusion neu-
ral networks for arrhythmia automatic detection.
Computer methods and programs in biomedicine.
2020;193:105479.

Graves A. Long short-term memory. Supervised
sequence labelling with recurrent neural networks.
2012:37-45.

Kavi R, Kulathumani V, Rohit F, Kecojevic V.
Multiview fusion for activity recognition using
deep neural networks. Journal of Electronic Imag-
ing. 2016;25(4):043010.

Nti IK, Adekoya AF, Weyori BA. A novel multi-
source information-fusion predictive framework
based on deep neural networks for accuracy en-
hancement in stock market prediction. Journal of
Big Data. 2021;8(1):1-28.

Chung J, Gulcehre C, Cho K, Bengio Y. Em-
pirical evaluation of gated recurrent neural net-
works on sequence modeling. arXiv preprint
arXiv:14123555. 2014.

Weerakody PB, Wong KW, Wang G, Ela W. A
review of irregular time series data handling with
gated recurrent neural networks. Neurocomputing.
2021;441:161-78.

Zhao J, Gao Y, Qu Y, Yin H, Liu Y, Sun H.
Travel time prediction: Based on gated recurrent
unit method and data fusion. IEEE Access.
2018;6:70463-72.

Kong Z, Tang B, Deng L, Liu W, Han Y. Condi-
tion monitoring of wind turbines based on spatio-
temporal fusion of SCADA data by convolutional
neural networks and gated recurrent units. Renew-
able Energy. 2020;146:760-8.

Guo Z, Lv X, Yu L, Zhang Z, Tian S. Identi-
fication of hepatitis B using Raman spectroscopy
combined with gated recurrent unit and multiscale
fusion convolutional neural network. Spectroscopy
Letters. 2020;53(4):277-88.

Zhang Y, Zeng J, Li Y, Chen D. Convolutional
neural network-gated recurrent unit neural net-
work with feature fusion for environmental sound
classification. Automatic Control and Computer
Sciences. 2021;55(4):311-8.

Vaswani A, Shazeer N, Parmar N, Uszkoreit J,
Jones L, Gomez AN, et al. Attention is all you
need. Advances in neural information processing
systems. 2017;30.



28

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

Gruetzemacher R, Paradice D. Deep Transfer
Learning & Beyond: Transformer Language Mod-
els in Information Systems Research. ACM Com-
puting Surveys (CSUR). 2022;54(10s):1-35.
Raffel C, Shazeer N, Roberts A, Lee K, Narang S,
Matena M, et al. Exploring the limits of transfer
learning with a unified text-to-text transformer. J
Mach Learn Res. 2020;21(140):1-67.

Dosovitskiy A, Beyer L, Kolesnikov A, Weis-
senborn D, Zhai X, Unterthiner T, et al. An
image is worth 16x16 words: Transformers for
image recognition at scale. arXiv preprint
arXiv:201011929. 2020.

Chen CFR, Fan Q, Panda R. Crossvit: Cross-
attention multi-scale vision transformer for image
classification. In: Proceedings of the IEEE/CVF
international conference on computer vision; 2021.
p. 357-66.

Carion N, Massa F, Synnaeve G, Usunier N, Kir-
illov A, Zagoruyko S. End-to-end object detection
with transformers. In: European conference on
computer vision. Springer; 2020. p. 213-29.
Zhang B, Gu S, Zhang B, Bao J, Chen D, Wen F,
et al. Styleswin: Transformer-based gan for high-
resolution image generation. In: Proceedings of
the IEEE/CVF Conference on Computer Vision
and Pattern Recognition; 2022. p. 11304-14.
Islam K. Recent Advances in Vision Transformer:
A Survey and Outlook of Recent Work. arXiv
preprint arXiv:220301536. 2022.

Zhang W, Qiu F, Wang S, Zeng H, Zhang Z,
An R, et al. Transformer-based Multimodal In-
formation Fusion for Facial Expression Analysis.
In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition; 2022.
p. 2428-37.

Wang Z, Wan Z, Wan X. Transmodality: An
end2end fusion method with transformer for mul-
timodal sentiment analysis. In: Proceedings of The
Web Conference 2020; 2020. p. 2514-20.

Tang W, He F, Liu Y, Duan Y. MATR: Multimodal
Medical Image Fusion via Multiscale Adaptive
Transformer. IEEE Transactions on Image Pro-
cessing. 2022;31:5134-49.

Yan X, Hu S, Mao Y, Ye Y, Yu H. Deep multi-view
learning methods: A review. Neurocomputing.
2021;448:106-29.

Xu C, Tao D, Xu C. A survey on multi-view
learning. arXiv preprint arXiv:13045634. 2013.
Deepak K, Srivathsan G, Roshan S, Chandrakala
S. Deep multi-view representation learning for
video anomaly detection using spatiotemporal au-
toencoders. Circuits, Systems, and Signal Process-

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

ing. 2021;40:1333-49.

Karpathy A, Fei-Fei L. Deep visual-semantic
alignments for generating image descriptions. In:
Proceedings of the IEEE conference on computer
vision and pattern recognition; 2015. p. 3128-37.
Fan W, Ma Y, Xu H, Liu X, Wang J, Li Q, et al.
Deep adversarial canonical correlation analysis.
In: Proceedings of the 2020 SIAM International
Conference on Data Mining. SIAM; 2020. p. 352-
60.

Wei J, Xia Y, Zhang Y. M3Net: A multi-model,
multi-size, and multi-view deep neural network
for brain magnetic resonance image segmentation.
Pattern Recognition. 2019;91:366-78.

Blum A, Mitchell T. Combining labeled and
unlabeled data with co-training. In: Proceedings of
the eleventh annual conference on Computational
learning theory; 1998. p. 92-100.

Sun S, Shawe-Taylor J. Sparse semi-supervised
learning using conjugate functions. Journal of
Machine Learning Research. 2010;11:2423-55.
Kumar A, Daumé H. A co-training approach for
multi-view spectral clustering. In: Proceedings
of the 28th international conference on machine
learning (ICML-11); 2011. p. 393-400.

Yan W, Li Y, Yang M. Towards deeper match
for multi-view oriented multiple kernel learning.
Pattern Recognition. 2023;134:109119.

Xue Z, Du J, Du D, Lyu S. Deep low-rank
subspace ensemble for multi-view clustering. In-
formation Sciences. 2019;482:210-27.

Wang W, Zhou ZH. Analyzing co-training style
algorithms. In: Machine Learning: ECML 2007:
18th European Conference on Machine Learning,
Warsaw, Poland, September 17-21, 2007. Proceed-
ings 18. Springer; 2007. p. 454-65.

Wang T, Zhang L, Hu W. Bridging deep and
multiple kernel learning: A review. Information
Fusion. 2021;67:3-13.

Wang H, Han G, Li J, Zhang B, Chen J, Hu Y, et al.
Learning task-driving affinity matrix for accu-
rate multi-view clustering through tensor subspace
learning. Information Sciences. 2021;563:290-
308.

Huang X, Ye Y, Yang X, Xiong L. Multi-
view dynamic graph convolution neural network
for traffic flow prediction. Expert Systems with
Applications. 2023:119779.

Han J, Liu H, Zhu H, Xiong H. Kill Two Birds
with One Stone: A Multi-View Multi-Adversarial
Learning Approach for Joint Air Quality and
Weather Prediction. IEEE Transactions on Knowl-
edge and Data Engineering. 2023.



[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

Lyu J, Li G, Wang C, Qin C, Wang S, Dou Q,
et al. Region-focused multi-view transformer-
based generative adversarial network for cardiac
cine MRI reconstruction. Medical Image Analysis.
2023;85:102760.

Mao L, Sun S. Multiview variational sparse gaus-
sian processes. IEEE Transactions on Neural Net-
works and Learning Systems. 2020;32(7):2875-85.
Sun S, Zong D. Lcbm: a multi-view probabilistic
model for multi-label classification. IEEE transac-
tions on pattern analysis and machine intelligence.
2020;43(8):2682-96.

Sun S, Dong W, Liu Q. Multi-view representation
learning with deep gaussian processes. IEEE
Transactions on Pattern Analysis and Machine
Intelligence. 2020;43(12):4453-68.

Tao H, Hou C, Yi D, Zhu J, Hu D. Joint embedding
learning and low-rank approximation: A frame-
work for incomplete multiview learning. IEEE
transactions on cybernetics. 2019;51(3):1690-703.
Tao H, Hou C, Nie F, Zhu J, Y1 D. Scalable multi-
view semi-supervised classification via adaptive
regression. IEEE Transactions on Image Process-
ing. 2017;26(9):4283-96.

Hou C, Nie F, Tao H, Yi D. Multi-view unsuper-
vised feature selection with adaptive similarity and
view weight. IEEE Transactions on Knowledge
and Data Engineering. 2017;29(9):1998-2011.
Soleimani E, Nazerfard E. Cross-subject transfer
learning in human activity recognition systems
using generative adversarial networks. Neurocom-
puting. 2021;426:26-34.

Wan L, Liu R, Sun L, Nie H, Wang X. UAV
swarm based radar signal sorting via multi-source
data fusion: A deep transfer learning framework.
Information Fusion. 2022;78:90-101.

Pan SJ, Yang Q. A survey on transfer learning.
IEEE Transactions on knowledge and data engi-
neering. 2009;22(10):1345-59.

Peng X, Huang Z, Sun X, Saenko K. Domain ag-
nostic learning with disentangled representations.
In: International Conference on Machine Learning.
PMLR; 2019. p. 5102-12.

Agarwal N, Sondhi A, Chopra K, Singh G. Trans-
fer learning: Survey and classification. Smart
innovations in communication and computational
sciences. 2021:145-55.

Huang J, Gretton A, Borgwardt K, Scholkopf B,
Smola A. Correcting sample selection bias by
unlabeled data. Advances in neural information
processing systems. 2006;19.

Sugiyama M, Suzuki T, Nakajima S, Kashima H,
von Biinau P, Kawanabe M. Direct importance

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

29

estimation for covariate shift adaptation. An-
nals of the Institute of Statistical Mathematics.
2008;60(4):699-746.

Kohli H. Transfer learning and augmentation for
word sense disambiguation. In: European Confer-
ence on Information Retrieval. Springer; 2021. p.
303-11.

Day O, Khoshgoftaar TM. A survey on hetero-
geneous transfer learning. Journal of Big Data.
2017;4(1):1-42.

Baltrusaitis T, Ahuja C, Morency LP. Multimodal
machine learning: A survey and taxonomy. IEEE
transactions on pattern analysis and machine intel-
ligence. 2018;41(2):423-43.

Jun H, Caiqing Z, Xiaozhen L, Dehai Z. Survey of
research on multimodal fusion technology for deep
learning. Computer Engineering. 2020;46(5):1-11.
Yang F, Ning B, Li H. An Overview of Multimodal
Fusion Learning. In: Mobile Multimedia Com-
munications: 15th EAI International Conference,
MobiMedia 2022, Virtual Event, July 22-24, 2022,
Proceedings. Springer; 2023. p. 259-68.

Liang T, Lin G, Wan M, Li T, Ma G, Lv E
Expanding Large Pre-Trained Unimodal Models
With Multimodal Information Injection for Image-
Text Multimodal Classification. In: Proceedings
of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR); 2022. p. 15492-
501.

Gadzicki K, Khamsehashari R, Zetzsche C. Early
vs late fusion in multimodal convolutional neural
networks. In: 2020 IEEE 23rd international con-
ference on information fusion (FUSION). IEEE;
2020. p. 1-6.

Tao H, Bhuiyan MZA, Rahman MA, Wang T, Wu
J, Salih SQ, et al. TrustData: Trustworthy and
secured data collection for event detection in in-
dustrial cyber-physical system. IEEE Transactions
on Industrial Informatics. 2019;16(5):3311-21.
Jiang Y, Li W, Hossain MS, Chen M, Alelaiwi
A, Al-Hammadi M. A snapshot research and
implementation of multimodal information fusion
for data-driven emotion recognition. Information
Fusion. 2020;53:209-21.

Atmaja BT, Sasou A, Akagi M. Survey on bi-
modal speech emotion recognition from acoustic
and linguistic information fusion. Speech Com-
munication. 2022.

Fang H, Deng J, Bai Y, Feng B, Li S, Shao
S, et al. CLFormer: A Lightweight Transformer
Based on Convolutional Embedding and Linear
Self-Attention With Strong Robustness for Bear-
ing Fault Diagnosis Under Limited Sample Condi-



30

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

tions. IEEE Transactions on Instrumentation and
Measurement. 2022;71:1-8.

Fang H, Liu H, Wang X, Deng J, An J. The
Method Based on Clustering for Unknown Failure
Diagnosis of Rolling Bearings. IEEE Transactions
on Instrumentation and Measurement. 2023;72:1-
8.

Sheng W, Li X. Multi-task learning for gait-based
identity recognition and emotion recognition using
attention enhanced temporal graph convolutional
network. Pattern Recognition. 2021;114:107868.
Li X, Li X, Ge SS, Khyam MO, Luo C. Au-
tomatic welding seam tracking and identifica-
tion. IEEE Transactions on industrial electronics.
2017;64(9):7261-71.

Wenran Y, Xinde L, Yong D. A clustering based
method to complete frame of discernment. Chi-
nese Journal of Aeronautics. 2023;36(4):400-8.
Wenran Y, Xinde L, Yong D. A clustering based
method to complete frame of discernment. Chi-
nese Journal of Aeronautics. 2023;36(4):400-8.
Dong Y, Li X, Dezert J, Zhou R, Zhu C, Cao L,
et al. Multisource Weighted Domain Adaptation
With Evidential Reasoning for Activity Recogni-
tion. IEEE Transactions on Industrial Informatics.
2022;19(4):5530-42.

Lu X, Li X, Sheng W, Ge SS. Long-term per-
son re-identification based on appearance and gait
feature fusion under covariate changes. Processes.
2022;10(4):770.

Zhang C, Li X, Li X. Decode after filtering: a
network for camouflage object segmentation. Soft
Computing. 2022:1-11.

Sheng W, Li X. Multi-task learning for gait-based
identity recognition and emotion recognition using
attention enhanced temporal graph convolutional
network. Pattern Recognition. 2021;114:107868.
Li X, Li X, Li Z, Xiong X, Khyam MO, Sun C.
Robust vehicle detection in high-resolution aerial
images with imbalanced data. IEEE Transactions
on Artificial Intelligence. 2021;2(3):238-50.

Dong Y, Li X, Dezert J, Zhou R, Zhu C, Wei
L, et al. Evidential reasoning with hesitant
fuzzy belief structures for human activity recog-
nition. IEEE Transactions on Fuzzy Systems.
2021;29(12):3607-19.

Li P, Li X, Li X, Pan H, Khyam MO, Noor-
A-Rahim M, et al. Place perception from the
fusion of different image representation. Pattern
Recognition. 2021;110:107680.

Gao H, Zhu J, Li X, Kang Y, Li J, Su H.
Automatic parking control of unmanned vehicle
based on switching control algorithm and back-

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

stepping. IEEE/ASME Transactions on Mecha-
tronics. 2020;27(3):1233-43.

LiJ, Li Z, Li X, Feng Y, Hu Y, Xu B. Skill
learning strategy based on dynamic motion prim-
itives for human-robot cooperative manipulation.
IEEE Transactions on Cognitive and Developmen-
tal Systems. 2020;13(1):105-17.

Sheng W, Li X. Siamese denoising autoencoders
for joints trajectories reconstruction and robust gait
recognition. Neurocomputing. 2020;395:86-94.
Dong Y, Li X, Dezert J, Khyam MO, Noor-A-
Rahim M, Ge SS. Dezert-Smarandache theory-
based fusion for human activity recognition in
body sensor networks. IEEE Transactions on
Industrial Informatics. 2020;16(11):7138-49.
Dong Y, Li X, Dezert J, Zhou R, Zhu C, Ge
SS. Multi-criteria analysis of sensor reliability
for wearable human activity recognition. IEEE
Sensors Journal. 2021;21(17):19144-56.
Noor-A-Rahim M, Khyam MO, Li X, Pesch D.
Sensor fusion and state estimation of IoT en-
abled wind energy conversion system. Sensors.
2019;19(7):1566.

Khyam MO, Noor-A-Rahim M, Li X, Ritz C,
Guan YL, Ge SS. Design of chirp waveforms
for multiple-access ultrasonic indoor positioning.
IEEE Sensors Journal. 2018;18(15):6375-90.
Khyam MO, Xinde L, Ge SS, Pickering MR.
Multiple access chirp-based ultrasonic positioning.
IEEE Transactions on Instrumentation and Mea-
surement. 2017;66(12):3126-37.

Eggleston RG, Young MJ, Whitaker RD. Work-
centered support system technology: A new in-
terface client technology for the battlespace in-
fosphere. In: Proceedings of the IEEE 2000
National Aerospace and Electronics Conference.
NAECON 2000. Engineering Tomorrow (Cat. No.
00CH37093). IEEE; 2000. p. 499-506.

Sycara K, Glinton R, Yu B, Giampapa J, Owens
S, Lewis M, et al. An integrated approach to
high-level information fusion. Information Fusion.
2009;10(1):25-50.

Sycara K, Lewis M. From data to actionable
knowledge and decision. In: Proceedings of the
Fifth International Conference on Information Fu-
sion. FUSION 2002.(IEEE Cat. No. 02EX5997).
vol. 1. IEEE; 2002. p. 577-84.

Davis PK, Perry WL, Hollywood JS, Manheim
D. Uncertainty-sensitive heterogeneous informa-
tion fusion: assessing threat with soft, uncertain,
and conflicting evidence. RAND National Defense
Research Institute Santa Monica United States;
2016.



[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

Kessel RT. The dynamics of information fusion:
Synthesis versus misassociation. In: 2006 9th
International Conference on Information Fusion.
IEEE; 2006. p. 1-6.

Nowak R, Biedrzycki R, Misiurewicz J. Machine
learning methods in data fusion systems. In: 2012
13th International Radar Symposium. IEEE; 2012.
p. 400-5.

Sumari ADW, Pranata AS, Mashudi IA, Syam-
siana IN, Sereati CO. Automatic Target Recogni-
tion and Identification for Military Ground-to-Air
Observation Tasks using Support Vector Machine
and Information Fusion. In: 2022 International
Conference on ICT for Smart Society (ICISS).
IEEE; 2022. p. 01-8.

Corps UM. Low Altitude Air Defense Handbook.
US Marine Corps Headquarters, Washington, DC:
Marine Corps Warfighting . . .; 1998.

Guida G, Lamperti G. AMMETH: a methodology
for requirements analysis of advanced human-
system interfaces. IEEE transactions on systems,
man, and cybernetics-part a: systems and humans.
2000;30(3):298-321.

Parasuraman R, Sheridan TB, Wickens CD. A
model for types and levels of human interaction
with automation. IEEE Transactions on systems,
man, and cybernetics-Part A: Systems and Hu-
mans. 2000;30(3):286-97.

Kuperman GG. Human system interface (HSI)
issues in assisted target recognition (ASTR). In:
Proceedings of the IEEE 1997 National Aerospace
and Electronics Conference. NAECON 1997.
vol. 1. IEEE; 1997. p. 37-48.

Muller AC, Narayanan S. Cognitively-engineered
multisensor image fusion for military applications.
Information Fusion. 2009;10(2):137-49.

Smith D, Singh S. Approaches to multisensor
data fusion in target tracking: A survey. IEEE
transactions on knowledge and data engineering.
2006;18(12):1696-710.

Catala-Prat A, Koster F. Object level fusion and
tracking strategies for modeling driving situations.
In: Proceedings of 2011 IEEE International Con-
ference on Vehicular Electronics and Safety. IEEE;
2011. p. 205-10.

Li J, Liu G, Tian G, Zhu X, Wang Z. Dis-
tributed rgbd camera network for 3d human pose
estimation and action recognition. In: 2018 21st
International Conference on Information Fusion
(FUSION). IEEE; 2018. p. 1554-8.

Bar-Shalom Y, Willett PK, Tian X. Tracking and
data fusion. vol. 11. YBS publishing Storrs, CT,
USA:; 2011.

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

31

Fortino G, Ghasemzadeh H, Gravina R, Liu PX,
Poon CC, Wang Z. Advances in multi-sensor
fusion for body sensor networks: Algorithms, ar-
chitectures, and applications. Information Fusion.
2019;45:150-2.

Ciuonzo D, Rossi PS. Quantizer design for
generalized locally optimum detectors in wireless
sensor networks. IEEE Wireless Communications
Letters. 2017;7(2):162-5.

Ciuonzo D, Buonanno A, D’Urso M, Palmieri FA.
Distributed classification of multiple moving tar-
gets with binary wireless sensor networks. In: 14th
International Conference on Information Fusion.
IEEE; 2011. p. 1-8.

Dao T, Roy-Chowdhury A, Nasrabadi N, Krishna-
murthy SV, Mohapatra P, Kaplan LM. Accurate
and timely situation awareness retrieval from a
bandwidth constrained camera network. In: 2017
IEEE 14th International Conference on Mobile Ad
Hoc and Sensor Systems (MASS). IEEE; 2017. p.
416-25.

Wang Y, Liu H, Zheng W, Xia Y, Li Y, Chen P,
et al. Multi-objective workflow scheduling with
deep-Q-network-based multi-agent reinforcement
learning. IEEE access. 2019;7:39974-82.

Shi H, Zhao H, Liu Y, Gao W, Dou SC. Systematic
analysis of a military wearable device based on a
multi-level fusion framework: research directions.
Sensors. 2019;19(12):2651.

Matuszewski J. Specific emitter identification.
In: 2008 International Radar Symposium. IEEE;
2008. p. 1-4.

Jiang W, Cao Y, Yang L, He Z. A time-space
domain information fusion method for specific
emitter identification based on Dempster—Shafer
evidence theory. Sensors. 2017;17(9):1972.

He Z, Jiang W. Quantum mechanical approach
to modeling reliability of sensor reports. IEEE
sensors letters. 2017;1(4):1-4.

Nweke HF, Teh YW, Mujtaba G, Al-Garadi MA.
Data fusion and multiple classifier systems for
human activity detection and health monitoring:
Review and open research directions. Information
Fusion. 2019;46:147-70.

Xefteris VR, Tsanousa A, Meditskos G, Vrochidis
S, Kompatsiaris I.  Performance, Challenges,
and Limitations in Multimodal Fall Detection
Systems: A Review. IEEE Sensors Journal.
2021;21(17):18398-409.

Ramanujam E, Perumal T, Padmavathi S. Human
activity recognition with smartphone and wearable
sensors using deep learning techniques: A review.
IEEE Sensors Journal. 2021;21(12):13029-40.



32

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

Wang Y, Yu Y, Wei X, Narita F. Self-Powered
Wearable Piezoelectric Monitoring of Human Mo-
tion and Physiological Signals for the Postpan-
demic Era: A Review. Advanced Materials Tech-
nologies. 2022:2200318.

Jones PJ, Catt M, Davies MJ, Edwardson CL,
Mirkes EM, Khunti K, et al. Feature selection
for unsupervised machine learning of accelerom-
eter data physical activity clusters—A systematic
review. Gait & Posture. 2021;90:120-8.

Ravi D, Wong C, Lo B, Yang GZ. A deep
learning approach to on-node sensor data analytics
for mobile or wearable devices. IEEE journal of
biomedical and health informatics. 2016;21(1):56-
64.

Chen Z, Zhu Q, Soh YC, Zhang L. Robust human
activity recognition using smartphone sensors via
CT-PCA and online SVM. IEEE transactions on
industrial informatics. 2017;13(6):3070-80.

Banos O, Damas M, Pomares H, Rojas I. On
the use of sensor fusion to reduce the impact of
rotational and additive noise in human activity
recognition. Sensors. 2012;12(6):8039-54.
Kuncheva LI. Combining pattern classifiers: meth-
ods and algorithms. John Wiley & Sons; 2014.
Jurek A, Nugent C, Bi Y, Wu S. Clustering-based
ensemble learning for activity recognition in smart
homes. Sensors. 2014;14(7):12285-304.

Nti IK, Adekoya AF, Weyori BA. A systematic
review of fundamental and technical analysis of
stock market predictions. Artificial Intelligence
Review. 2020;53(4):3007-57.

Zhang X, Qu S, Huang J, Fang B, Yu P. Stock mar-
ket prediction via multi-source multiple instance
learning. IEEE Access. 2018;6:50720-8.

Huang J, Zhang Y, Zhang J, Zhang X. A tensor-
based sub-mode coordinate algorithm for stock
prediction. In: 2018 IEEE Third International
Conference on Data Science in Cyberspace (DSC).
IEEE; 2018. p. 716-21.

Guo Z, Zhou K, Zhang C, Lu X, Chen W, Yang
S. Residential electricity consumption behavior:
Influencing factors, related theories and interven-
tion strategies. Renewable and Sustainable Energy
Reviews. 2018;81:399-412.

Zhang X, Li Y, Wang S, Fang B, Yu PS. En-
hancing stock market prediction with extended
coupled hidden Markov model over multi-sourced
data.  Knowledge and Information Systems.
2019;61(2):1071-90.

Pramanik MI, Lau RY, Demirkan H, Azad MAK.
Smart health: Big data enabled health paradigm
within smart cities. Expert Systems with Applica-

[236]

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

tions. 2017;87:370-83.

Muhammad G, Alshehri F, Karray F, El Saddik
A, Alsulaiman M, Falk TH. A comprehensive
survey on multimodal medical signals fusion for
smart healthcare systems. Information Fusion.
2021;76:355-75.

Tiwari A, Falk TH. Fusion of Motif-and spectrum-
related features for improved EEG-based emotion
recognition. Computational intelligence and neu-
roscience. 2019;2019.

Booth BM, Mundnich K, Feng T, Nadarajan A,
Falk TH, Villatte JL, et al. Multimodal human
and environmental sensing for longitudinal be-
havioral studies in naturalistic settings: Frame-
work for sensor selection, deployment, and man-
agement. Journal of medical Internet research.
2019;21(8):e12832.

Hossain MS, Muhammad G. Emotion recogni-
tion using deep learning approach from audio—
visual emotional big data. Information Fusion.
2019;49:69-78.

Zhang YD, Dong Z, Wang SH, Yu X, Yao X,
Zhou Q, et al. Advances in multimodal data fusion
in neuroimaging: overview, challenges, and novel
orientation. Information Fusion. 2020;64:149-87.
Lu N, Cheng N, Zhang N, Shen X, Mark JW. Con-
nected Vehicles: Solutions and Challenges. IEEE
Internet of Things Journal. 2014;1(4):289-99.
Klupacs J, Gostar AK, Rathnayake T, Gondal I,
Bab-Hadiashar A, Hoseinnezhad R. Multiagent
Information Fusion for Connected Driving: A Re-
view. IEEE Access. 2022;10:85030-49.

Li R, Li K. The research of multi-source informa-
tion fusion based on cloud computing. In: 2016
12th International Conference on Computational
Intelligence and Security (CIS). IEEE; 2016. p.
440-3.

Kumar M, Garg DP, Zachery RA. A generalized
approach for inconsistency detection in data fusion
from multiple sensors. In: 2006 American Control
Conference. IEEE; 2006. p. 6-pp.

Zhang Y, Jiang C, Yue B, Wan J, Guizani M.
Information fusion for edge intelligence: A survey.
Information Fusion. 2022;81:171-86.

Smets P. Analyzing the combination of con-
flicting belief functions. Information fusion.
2007;8(4):387-412.

Zhao X, Jia Y, Li A, Jiang R, Song Y. Multi-
source knowledge fusion: a survey. World Wide
Web. 2020;23(4):2567-92.

Omolara AE, Alabdulatif A, Abiodun OI, Alawida
M, Alabdulatif A, Arshad H, et al. The internet
of things security: A survey encompassing un-



[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

explored areas and new insights.
Security. 2022;112:102494.
Zhang X, Wu Q, Wang X, Chen Y. Research on
multi-source data fusion technology under power
cloud platform. In: International Conference on In-
telligent and Interactive Systems and Applications.
Springer; 2019. p. 554-9.

Zhang W, Zhang Y, Zhai J, Zhao D, Xu L, Zhou J,
et al. Multi-source data fusion using deep learning
for smart refrigerators. Computers in Industry.
2018;95:15-21.

Joshi R, Sanderson AC. Minimal representa-
tion multisensor fusion using differential evo-
Iution. IEEE Transactions on Systems, Man,
and Cybernetics-Part A: Systems and Humans.
1999;29(1):63-76.

Huang Y, Li T, Luo C, Fujita H, Horng SJ. Dy-
namic fusion of multisource interval-valued data
by fuzzy granulation. IEEE Transactions on Fuzzy
Systems. 2018;26(6):3403-17.

Alofi A, Alghamdi A, Alahmadi R, Aljuaid N,
Hemalatha M. A review of data fusion techniques.
International Journal of Computer Applications.
2017;167(7):37-41.

Mahler RP. > Statistics 101” for multisensor,
multitarget data fusion. IEEE Aerospace and
Electronic Systems Magazine. 2004;19(1):53-64.
Zhu Y, Song E, Zhou J, You Z. Optimal dimen-
sionality reduction of sensor data in multisensor
estimation fusion. IEEE Transactions on Signal
Processing. 2005;53(5):1631-9.

Milenova BL, Campos MM.  Mining high-
dimensional data for information fusion: a
database-centric approach. In: 2005 7th Interna-
tional Conference on Information Fusion. vol. 1.
IEEE; 2005. p. 7-pp.

Shen B, Rho S, Zhou X, Wang R. A delay-aware
schedule method for distributed information fusion
with elastic and inelastic traffic. Information Fu-
sion. 2017;36:68-79.

Guo K, Xu T, Kui X, Zhang R, Chi T. iFu-
sion: Towards efficient intelligence fusion for deep
learning from real-time and heterogeneous data.
Information fusion. 2019;51:215-23.

ur Rehman MH, Ahmed E, Yaqoob I, Hashem IAT,
Imran M, Ahmad S. Big data analytics in industrial
IoT using a concentric computing model. IEEE
Communications Magazine. 2018;56(2):37-43.
Meng Yb, Li Ty, Liu Gh, Xu Sj, Ji T. Real-time
dynamic estimation of occupancy load and an air-
conditioning predictive control method based on
image information fusion. Building and Environ-
ment. 2020;173:106741.

Computers &

[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

[273]

33

Lian Z, Shao S, Huang C. A real time face
tracking system based on multiple information
fusion.  Multimedia Tools and Applications.
2020;79(23):16751-69.

Jin Y, Qian Z, Sun G. A real-time multimedia
streaming transmission control mechanism based
on edge cloud computing and opportunistic ap-
proximation optimization. Multimedia Tools and
Applications. 2019;78(7):8911-26.

Abrardo A, Martalo M, Ferrari G. Information
fusion for efficient target detection in large-scale
surveillance wireless sensor networks. Information
Fusion. 2017;38:55-64.

Mourtzis D, Vlachou E, Xanthopoulos N, Give-
hchi M, Wang L. Cloud-based adaptive process
planning considering availability and capabilities
of machine tools. Journal of Manufacturing Sys-
tems. 2016;39:1-8.

Hu J, Wang Z, Alsaadi FE, Hayat T. Event-
based filtering for time-varying nonlinear systems
subject to multiple missing measurements with un-
certain missing probabilities. Information Fusion.
2017;38:74-83.

Zhang L, Wang Y, Wu X. Cluster-based infor-
mation fusion for probabilistic risk analysis in
complex projects under uncertainty. Applied Soft
Computing. 2021;104:107189.

Castanedo F. A review of data fusion techniques.
The scientific world journal. 2013;2013.

Ji S, Saravirta T, Pan S, Long G, Walid A. Emerg-
ing trends in federated learning: From model
fusion to federated x learning. arXiv preprint
arXiv:210212920. 2021.

Niu Z, Zhong G, Yu H. A review on the attention
mechanism of deep learning. Neurocomputing.
2021;452:48-62.

Kudithipudi D, Aguilar-Simon M, Babb ],
Bazhenov M, Blackiston D, Bongard J, et al.
Biological underpinnings for lifelong learn-
ing machines.  Nature Machine Intelligence.
2022;4(3):196-210.

Barandas M, Folgado D, Santos R, Simdo R, Gam-
boa H. Uncertainty-based rejection in machine
learning: Implications for model development and
interpretability. Electronics. 2022;11(3):396.

Pan T, Pedrycz W, Cui J, Yang J, Wu W. Inter-
pretability of Neural Networks with Probability
Density Functions. Advanced Theory and Sim-
ulations. 2022;5(3):2100459.

McAllister R, Gal Y, Kendall A, Van Der Wilk M,
Shah A, Cipolla R, et al. Concrete problems for au-
tonomous vehicle safety: Advantages of Bayesian
deep learning. In: Proceedings of the Twenty-



34

[274]

[275]

[276]

[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

Sixth International Joint Conference on Artificial
Intelligence. International Joint Conferences on
Artificial Intelligence Organization; 2017. .

Li X, Xiong H, Li X, Wu X, Zhang X, Liu J, et al.
Interpretable deep learning: Interpretation, inter-
pretability, trustworthiness, and beyond. Knowl-
edge and Information Systems. 2022;64(12):3197-
234.

Li H, Li X, Zhang Z, Hu C, Dunkin F, Ge SS.
ESUAV-NI: Endogenous Security Framework for
UAV Perception System Based on Neural Immu-
nity. IEEE Transactions on Industrial Informatics.
2023:1-12.

Zhao PC, Huang YH, Zhang DX, Xing L, Wu HH,
Gao JP. CCP-federated deep learning based on
user trust chain in social IoV. Wireless Networks.
2023;29(4):1555-66.

Chen G, Wang P, Feng B, Li Y, Liu D. The
framework design of smart factory in discrete
manufacturing industry based on cyber-physical
system. International Journal of Computer Inte-
grated Manufacturing. 2020;33(1):79-101.

Moeuf A, Pellerin R, Lamouri S, Tamayo-Giraldo
S, Barbaray R. The industrial management of
SME:s in the era of Industry 4.0. International
journal of production research. 2018;56(3):1118-
36.

Zhou J. Intelligent Manufacturing Main Di-
rection of” Made in China 2025”. China Mechan-
ical Engineering. 2015;26(17):2273.

Jiang P, Leng J, Ding K, Gu P, Koren Y. Social
manufacturing as a sustainable paradigm for mass
individualization. Proceedings of the Institution
of Mechanical Engineers, Part B: Journal of Engi-
neering Manufacture. 2016;230(10):1961-8.
Cochran DS, Foley JT, Bi Z. Use of the manufac-
turing system design decomposition for compar-
ative analysis and effective design of production
systems. International Journal of Production Re-
search. 2017;55(3):870-90.

Sharma A, Kosasih E, Zhang J, Brintrup A, Ca-
linescu A. Digital twins: State of the art theory
and practice, challenges, and open research ques-
tions. Journal of Industrial Information Integra-
tion. 2022:100383.

Wang P, Luo M. A digital twin-based big data vir-
tual and real fusion learning reference framework
supported by industrial internet towards smart
manufacturing. Journal of manufacturing systems.
2021;58:16-32.

Li X, Wen J. System identification and data
fusion for on-line adaptive energy forecasting in
virtual and real commercial buildings. Energy and

[285]

[286]

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

Buildings. 2016;129:227-37.

Yuan J, Feng Z, Dong D, Meng X, Meng J, Kong
D. Research on multimodal perceptual naviga-
tional virtual and real fusion intelligent experi-
ment equipment and algorithm. IEEE Access.
2020;8:43375-90.

Shen X, Ge Z, Gao Q, Sun H, Tang X, Cai Q. A
point cloud registration algorithm for the fusion of
virtual and real maintainability test prototypes. In:
2022 3rd International Conference on Computing,
Networks and Internet of Things (CNIOT). IEEE;
2022. p. 34-40.

Wu Z, Chang Y, Li Q, Cai R. A Novel Method for
Tunnel Digital Twin Construction and Virtual-Real
Fusion Application. Electronics. 2022;11(9):1413.
Thompson E, Cosmelli D. Brain in a vat or body
in a world? Brainbound versus enactive views of
experience. Philosophical topics. 2011:163-80.
Zhang C, Yang Z, He X, Deng L. Multimodal
intelligence: Representation learning, information
fusion, and applications. IEEE Journal of Selected
Topics in Signal Processing. 2020;14(3):478-93.
Han J, Zhang Z, Ren Z, Schuller B. EmoBed:
Strengthening monomodal emotion recognition
via training with crossmodal emotion embed-
dings. IEEE Transactions on Affective Computing.
2019;12(3):553-64.

Chaturvedi I, Satapathy R, Cavallari S, Cambria
E. Fuzzy commonsense reasoning for multimodal
sentiment analysis. Pattern Recognition Letters.
2019;125:264-70.

Chen Y, Li C, Wang H. Big Data and Pre-
dictive Analytics for Business Intelligence: A
Bibliographic Study (2000-2021). Forecasting.
2022;4(4):767-86.

Bargiela A, Pedrycz W. Granular computing.
In: HANDBOOK ON COMPUTER LEARNING
AND INTELLIGENCE: Volume 2: Deep Learn-
ing, Intelligent Control and Evolutionary Compu-
tation. World Scientific; 2022. p. 97-132.

Chen J, Sun J, Wang G. From unmanned systems
to autonomous intelligent systems. Engineering.
2022;12:16-9.


https://www.researchgate.net/publication/375370037

	引言
	定义
	背景
	动机
	主要内容

	模型框架和理论方法
	多源信息融合的框架
	信息融合系统的模型
	JDL模型
	其他模型

	信息融合的理论方法
	经典融合理论方法
	基于人工智能的信息融合理论方法


	应用领域
	军事应用
	威胁检查
	地空观测
	辅助认知
	遥感和导航
	士兵状态监测
	特定发射器识别

	非军事场景
	人体行为识别
	股价预测
	智慧医疗
	联网车辆


	挑战与未来
	关键问题和挑战
	数据层面
	应用层面

	当前研究热点
	当前理论研究的技术难点
	人工智能技术
	虚实融合
	人机共融

	展望
	意识融合
	自主智能融合


	总结

