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HIFVOSviewer X CHk B IR HEAT R LM, 45 2 R

RumE2fR. ATUEL, ARG EERZ 12
FER. 2R XEEMERRS, BRI E
BAEPIES ER. HES R AR (W Artificial
Intelligence, Wearable Electronics). Mifl#% 15
P55 A B (W Motor Imagery, Brain-Computer
Interface). AR 5 RE (W Pressure
Sensors). 15 I SE 5 E 7224 (A Virtual Reality,
Digital Twin)M ANRF 5 T2 % (M Human
Factors). X4 FAE “Machine Learning” |
“Human-in-the-Loop” S5 REET A L& &
O FE SR BE B MBI R AR AN SIS 5 A 3
HIHRSCRE, ZEARE ST S AR N iR AR
JZ, eRIlse 5 HCE A AR ARIE R R R 0N et
MR BT ERE, AR TRCAE K
A, HORFIAR K R IR L LI 3R N\ SN AL T 3
N KRR ZE R P FE AN, SLRER
H—TF s ANE SR RAESRG. B
BT, OAF TAEX ANLRE & e T 7 YIRS A
%[32*42}0

WA KT AVLREE B RE R £5IA 2 A T HAKMN
M5, MASCMMES . #EZE . N5 B4
YERERAT RGMBL. H G, R ANLERS R GERIME
o R S AR DR SR AU B AR B, R, AN
PLRAL SR BER R R G — RHESE, IHRIE AR 55
REPE R I A LR &R, e 45 30 W S ik [R) 7
s BE, A ANLRELE B RE S AR N 5

e, PRTT T I A PRk S AR SR R TT 1A
FXF A S AR AT B4 .

K 2 AHLE&

ARICHIRR “HLER 7 Z IR AR AR, Ml
WAL EREL g, ARG AN B m
e SRS N AR PP S5 vl 5 N SREAT Hah sk, K
TH R AN G R R A S, HE B0
FAESRTHRAAERR L . 7T AR I AN P T T P A
XS, T AE D IEbRAE, X ABLRELE R fE
REETT AT RGREL 552K
2.1 AHRASEERE

AHLRR SR RE H AT AR gt — B 2552
WIPRHEE L, ANFEIZEE & E BT A S 1
AFEFE. REENEYN AP S B R T
NRBZEIASE R 22k, AR fe b
A HEERRE I TBL LI T E N EAHERN .
H AN IERJEEE,  DL5E R 2% AR T SAT 55
Horpr, AMAEREE B REAR (N FRBLAS ) fE AT
WA TR GERE T, B REN T 2B B ik (B
FENFE HLas B &) U4 B R DA £ A 35
R P Y — 23 2 S5 R BRI & R RE BB AE
IR VNSPNE S G:BURTE AR RN il A TS IEY N B
P, LA IR I A% B A A H AR B S BT A
BRI ZRE RGN ARSI, XUy I8 AR K 2 A
TEARFERSEIIRFE R o XL 08 SR H %
IR LB R R WA EE

ARG, NHLRELE R RE A — R T i F
BEVE I, SRR LE ML P Hh 3 I X017 A2 L R
oy SEBLNFENT S LS R SRAE R 2R 383 T 1Y
HAME R S FEHE . RIS N TR Rl
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N TR R IR TF 1 3R 1 3 AR fe b
K, (HILSEIAEE ) B AT e P, 552
MR R R B 1 E Bh A s SR T I v 2 PRk . 9l an,
20184F, & BRI S — 44k T H 3 2 B A A
UberiR 4 /T NEFEM . 20214, EEE M
W5 B X Globus Medical 2 @] F AL A Ex-
celsiusGPS KA A FEI AR, 7 HAEIRBHEAY
BYAR PRI RS . FHIEET L, M ET N TR R RS AE R
eI sEy S R AT A B 2, ARV TS
H sk REIE KA “ ARl a7 L0 5
HANXRERE, MOOEERITTBRCSEHE, M
DIARPRIZ AT IR Ry %, = R riEmm 52
e 1. XERFLZEHTEREIN. KEREL
%, TEBNAS S A PA 5T A e LS R S5 14 . o] AR
PEEHR A, N IR et T3
PEVHEL,  BUAS 2 IR FEAUSE B A AT BB LT, 1 2
W T AW ME K. EHERT, AVEEEGER
WA, diEsI N CNIERES” PUE], sEIA
MU RIBL A . RN, 5 R mRsh, Hlisis
THARE AT A N RIRAER S S RE, AN SRIAK R S2BR
TR IR BENLARAT N . JOIAE & AN 2 1 PR
B, AT RG MR e SN G

RG. BN, SooaEAE NP — R i g 2 4o
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VR EREER ., HBUER. R AN
BESS £ %N

AN, AHLREL G B R TR R IT 2 IRES
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AR AR S R AR TR T A,
WL ERDAEIN T : B RRFR IR T,
RS HLAS A A A H S IR R A T T A AR
Fo WANESZONMAE S, B “ ALEREE” L
M SCELB AL o FIRAE PSS R m] R R o
AL & B RE f S R A B TR & AHLIA RS
W, MBI RS AR LU SUEL A . A
RGEPEIESET . RITHLE B XU ML 5 B &8 RE
71, SE NRIER RSP NEZR T, BFEIEK
BORFNE 5 N FGNR AN PR e T A 7
bR, AN B G B RE R HTVEREAT T
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71, K B R 5 B B IERE AT {5 B RE

®1 AHBMEERREKEGEN XK
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e T ST R R 070, (R R U5 BN BB, DURR ORI RIS ST R . FoshAgent s
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T AT AL 503 B ER R, T
RAE MR M 5h, KRG L E 45t
BRI B A FMALIEAT. Ak, AHP T
AR & B RETR K R GE ) — IHESE, T8 52 A 38N
AP R TR 2AN R T, a0 4P o

BB RET 2V EE SRR 4
HOESE, ZRSEIEBIIBREYCREM W
WEMEVESSEREEE: MG, EEASRME
B RYGE N A R 2] SR g, SCI 2R
SELRFEEEM, &5, SBSIERIREE %R
Btz de . B R @ ST EOR, X 2T 5
ITUREEREAR, NJa SRR SRR BRI . Bl ) PRS2 0
MR DL TAT: 55 B PR R ANLAE DR SRAT 55 P RIS R
RIGEKH “ANEEFMHRE” . DR
i B N IR N CIEER S YL S W PSS O S 1
I E R AN BAR- SR PR, SEBLA
BURITR R
3.1 SHERME

AR FN (Situation Awareness, SA) FIHE S H
EEH O K Endsley i X $e 12, RAYIH TR
TRAT BN IR 2 K Jo] [R5 R IR S AR B HAT A
VRN . WEISHTR, SAHAHMEEN . FEE.
MBARTRIE B, it BARAE 5 AE Y . e
et b, 5 B E By A B S B A R IR L
(Joint Directors of Laboratories, JDL)#&H JDLAL
PRG0S, HES) T T RS A 2 ) R

K4 AL S

K 5 2SR R R R )

R . BN, ZMELRMSAH R 5%
gk, FFSIANANEE D, D9 AL 8] 1) & 058
HUS DURR NS RS AT 3ANTT I, R
BB EV K RIS 5EARITE.

3.1.1 HARFSHIRRAN

B B RE R SR LT FUE B R, A
IR HRN R RS A RN AT, AL s ARG
B PRAR IR TE BT S o BT FERE ] BA E A4
7RG, WA PSS AR A A R Se B, B
115553 ) 77 AR B RE A T 1) 2 A B Re R 3L R 2 500,
FEF 2B R, e, W MAEYE S
SRS IZ N T AR s R AUES, M T
ZURE AR E 2.

P58 BTG AR V#5478 £ 22 U B w45 B O
B . e BN 5 ANLREG & BE TR SR 45 & 1) AR
Gao%5 N PUER 325 [a] st o B 2 15 SR B 45 6 HE 2% 1
TFHRRB AR E M, $H— AT E HiEiE
TERE TINS5k 22 HEAS I 25 (Single Shot multibox
Detector, SSD) TR T7%, FR A H T
A B R R, IR R AL A N R AR
B, SEIL A EE SIS NSERBEE . ARRE
PR SN AT LS & 3 Transformer (Vision Trans-
former, ViT)PASEH RIAEH, Hdk—0 Kk RIEiCiA
GRS Fr o

W i S R o SR BOCHE T B (& e . REE
FUBTHC) o AR (A 7)< A0 26 130 1 22 HOR 2 1 ot £
TR SERE, AT I RS TE G . W i
5 APLRL A R fe 454 1) TAE W Abdolrahmani

5 |

BHE R RGN

I 6 IDLECHR L & BT
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GNCEXIN AL, PR T ETEERHS
R RGHHE B RNR G, AR AR A4 Eh
AR GRS XA g % FRAL I (Bidirectional
Encoder Representations from Transformers,
BERT)PUEE T 2505 5 A 84 DL R GPT R 411272945
KB F A (Large Language Models, LLM) CL7E %
RS HERL S B ARE 5 AR Bk 28 2l AR
Lius NIRRT 58S R 48P 5] AChatGPTEA
WAHREZE, =77 RAMESNE. REW
W, W SR AT TR I 328 37 7 2 R ) 5 1 R TR Rl
LR AR TR R AE T W B1E 5 53U A
FIRIE TR, DLISE S SIS g — 2L
AW 5 BRI BL#E 1 (Brain-Computer
Interface, BCI) A& #5558 Bl & KA HE S
Hizzhz4. mETHR, BCIEL KNS M1
05 Bl SEEUR R4S B E B S TR
DA AR5 £ B4R ) 46 001, ek s R N AR 21
& N H E (ElectroEncephaloGram, EEG). &
PR ILYR % (Magnetic Resonance Imaging,
MRID%EZMIEL. EI8RIR T+ W HEMERE K2 K
) “HHNyquist” BT, SCRFmE M A(E 5 K.
REEEG] ZNHTH4& 5z Zm B, HHE
Sy W, WSR2 R . AhE g e s L

Kl 7 BOLRG S 17 = P

Kl 8 “#BZNyquist” 7~ &b

GhL PR FAE R DAL A S B O IZ B 2L
H4E LG5 2 BAR S HR SCHL R R & 58
FHA A T-HR3VHLAE A (A0 9T 7~ ) i i 8 e 28 3
WA RER P4, 531 ARG 50 I R R
MR . R IME B R 2 838 BN 5 28 B 3%l
i O, HRBREE T T AR B . B
Ab, WAAMZTEE WG RS 5 B 4R PR
PR E BRI R 2 . AR RET R, &
ES TN SR —.

3.1.2 BESRARE

B — BRI A A DA S B AR RAT S, Bk
e NFIESEHLES, HBM 1Z%H 2% 2 A U5 [F] i 3R
A B SEBL R A BN I e 110 R 2 ARAS B
eI, REE T SO AR, BEE
SRR B BAME . Ase I R R n b 4
VRTINS AL G . 2RISR
IESZHEME, & ORISR E 2
B FET7 1]

ZEARAE BERR B 24 s B 546
IR N B CGRIERE S s B &, AT o
PRI TUARYE S BAME, SKHIE =R M1E R
AlEr . SCHR[60)H 2 B RAE R 7 NI A RAE A
FRAEPIS, WEN0FTR. AT ¥ A RIS 50
WLi 2 A — 4R A A),  AER T AL 2 B E H

Bl 9 LRSS T-HR3Y

K 10 ZREARAM A

U https:/ /www.toyota.com.cn/mediacenter /show.php?newsid=
5043
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25 2 61 % B F- BER T Al Transformer 293 [ 2 f 2&
PrRMCA: a3 W E s 7 B 22 & 3 125 18],
T RZEER . L2 Y58, LA 5C 53 # (Canoni-
cal Correlation Analysis, CCA)Fl HA5 B5 5 4
A R, AR TR B HE I T A AUkt i R Ak 2
SR ARSI A 15 . BT AN AT 55 77 2R 11
BTG N RE ST, BT SN ) B B9
ML, AR R N I B A A E . B, BVEE
ML AT MR A [F) A A REAE (8] 1 AH 5% 1 Bh 2 A @A
gh L, Z A Transformer 25 A5 Y3 1o fa =0t 55 B
SCRFAE, SEBUEE TN PIBAS A Al &162, HEA
TEXA
X = CMp_qo (Xa, X3)

T
X WO (X, WK
= softmax ( ( i ) ) (XsWY)

Vi

(1)
Hrp, X X ERZHREERN, XFRMEEN
BRARAE, WQ, WERIWY 73I30m T4 s if
SEAE [ =W SRR, A R TE T . [
), o0 ST ER AR N IR B RRAE 2 A SR I . Are-
valo%s N G152 H i 5 A4S 114 Transformer 5 284 i
22 ST NS I T AR, B B SRS R
IEF TR
z =0 (W, [z, ) (2)

h = z ® tanh (W) 4+ (1 — z) ® tanh (W) (3)
Hofr, @y, a7 RS 0E A1 B SCA RS R 17
il 25 B S fe 24l G 2R I TTRR EL B . 2 AL AT

FEHE 5 RIRIERSCH “Bo1#H” . BR&Eas
PE B NE S S AU R, (H A R TR A
K INGRAaE EZ M T R 5556 1. i, Pk
7 B 45 N (OO A 50 285 B 0T SR LB TH I A8 8
PE, JFR I R AL SRR H AR AL Y
ELRE ST o BTN AT AR R R, AnsE N
TLLMEY “ B G0 i s A -LLM 7 32284,
R PR BT B /5 SURs A B S S LLMA 38 S 1],
SKIGE—FRAL. IEFR, SRR IR i 2
S 5 S RO S HE R K 0, i Waymo kA
1 i 21 3 H 202 B (End-to-end Multimodal
Model for Autonomous driving, EMMA )22 #%
Google Geminil®R; F T3 T 2 4 04 10 25 Bl 4
AT 55 -

ZREME EERZHE RS NAANES
BRSO BEBERAE, DISEIZRE B 5. ftd
FMS AL FE AT Ul & (Barly-Fusion) JGimih & (Late-
Fusion) XA ff& (Hybrid-Fusion), W& 11T
o S il T AR S R R A R AR, e
e KR DR B RS (] A SR Bk, & T X e 5
Ko B EOR B R 0357 10 2SR X A% AR R D1 S
HE AL B B R E my, AE 5720 SRE Bl i e e 3 5t
Gy 5l R . J i DR 5 AR A AT B St SR gk
TREM, EHTRAGRI S HEEFRR, ExE
DL PR AR A 18] () 0 [F) 5 R BB R PR . VR R 5
SRR A B WA o R ], SRR
BEATRHIEAN IR S 8 2 R B a ™, T2 R
JRAZEAEN, 8T BRI RAR S SO R AR U
EOL BB RS R, BRI RGURA
SORFRERE, (H R AL A TH SR A SRR A
7] o

K 11 2R A A
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H20214E LIk, LG LIS & - & I 25 (Con-
trastive Language-Image Pre-training, CLIP)[),
515 XE = -EHE HiIl 25 (Bootstrapping Language-
Image Pre-training, BLIP)fISCA R UG A i R 4
(DALL-E) AR 2 B TR O 2 B Rl
HIHE TR . X AR 8 R U B 2 4
¥y, R B RAG IEREAARLE 5 e MU AREA ZE 5,
F )G — SRS RIE. 11, Ghosh%F AOHE H
1R AL -5 5 R A LLM S 2 Fh R 4iE
(41Q-Former. Mk Transformer), 8 i KA
TR, BRI X ARE S A R S HER AR
Jio REZHEREBRFFEENAS R, A1
RS BRI (R B VDR IR . S RO, BAK
BELAS [A) I 73 S AL 0 55 8 ) f . R SR 0 B AR T4
BRI Z RS TNSME R RBEBESTLRMG—
REEEN, FEFRSCFHMEEBESH A T R IR E L] .
3.1.3 B O

N AR e st St B i S 2 | B =l B2 0 ]
WNAEZ . IR KRLKRES, kRS
o DI HTE N T EM RGP LB P2 R A
M, FS Iy K5, A 7792 3 B A U 3K
BN SRR AN R P2 R U SR B 2 T 92 4 s T i
0L SR 5 U R R B AT 4, B B A ]
RPN, & T RO B R AL 248 1)
o [HZ S HUNAE LUE M A BORENE 5, BXS
SR RO S R T G N, R RN
PR EET ANLAEL S A BN FI B (B 1257R),
T I A R S M A A RS AR A, I
iE N R SHLER A A B . [N, 51
FREEI S B S AL DUE AR AL AN ENRE F7 o H5
R UK ) R 77 35 D) e D B s v B B S A
BRI, R&ERIZ AR

ERGZH, HHDSHIEET Tableau?,
Tellius® flDataiku® 25 Ff AL P &, & RHPa-
lantir AT Platform® %538 5 T 5, SCHL SR ATiZE B
PIEHE 2. 11, Huang® N7 TH5
1% (Artificial Potential Field, APF)53)#& #377%
(Dynamic Potential Field, DPF) % 7l VFAl 250 25
Db JR IS FH G A RSy, FE4 1 3 B 40 G AL AL
PR s, S HIE ARG TR B AL LA
(Computer Aided Ergonomics, CAE), & A#L
YRR A, BRI S A R BT N, R
AR AR i, A LA RS 2 A R SRR AR A

g b, BHBMCEBN—NEEERBE,
FEAE 58 INF1A] AN SIS B2 Xof i 61 A 853 110 4 T 24 e
FAFN . T BE R G R IR % R AR AE 2 HE
A BRSNS 5B R 5 iE H
PR, ER2HPON R LAEHEAT I S 45 .

3.2 hEIRRKRE

HRAE AT 25 BT A AN AE RS SS R I E R,
AATEGY T 3NN LA e ) 7 MRS A
AR IAFENE BTN, RGMET “A
FEMES” MR Re i, EPARESRBLE: 4
PS5 AN E VEBUIRIT, RGN TR AN N RIS
IR RRe s, BILEs =SS AR
FAMS, RO AT SEIEEEME, REAALE R Pk

N EIR3EB A, AT ATE AR A
Ko K ANHLRE R BE SR RGN H S B B ik
HRHI P = {M, H}y ShEREA 14

ap = (am,an), Dp = Dy X Dy (4)
Horp, MAHZ R AN NG Dy Dy %
NS LR RS

B0 58 L3WHZ OV fR bR . AT55 5 A% BEf

HARS T X RG0H RIPRER, € SN

12 2T AHLEE T BRI S5 L] )

Yhttps://www.tableau.com

)

Yhttps:/ /www.tellius.com

Yhttps:/ /www.dataiku.com/
)

Yhttps://www.palantir.com/platforms/aip/
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*® 2 SBRBRABRXEBE
oS SCHR RPN HJRIR FERA Fakit SRR

FINZE i3 3 v B I I SSD
GaofF NPU 7Y, RS EIRMR, AT BRI T R

Rzt
I E 1 S IR A
ZHiZs Abdolrahmani B8 E A1, S mHS L= A E L,

i 2 PR RGB-DARAL,
M, i
FARIREL R

MR AR TR B ) = B BRI
2, B SR s R R

fg THRIATHEM bR A DL A

ROB-DER o Yeowprmsqiit  imretify

MPEERS 22 SRS L WAL EN

o SN SRR P EGENE T, SRPOMTERNREW RS MRERR R AT
for AR REAER AN,
ks s g OB, 6 o
ey gy DRI WA, s v e s, mik BRI Ty s R
Llllw—rj\ 'ﬂ:ﬂéﬁﬁ?ﬁh‘-ﬁ&{kﬂiﬁij‘:’ i?%%ﬁ @$E1§u|§ﬁ§‘:ﬁi%ﬂ\n@‘ 1@ E‘J’m#)ﬂ”ﬁﬁ& ])"(E{A:_TEF‘SF‘{E D
MBI R o TR ke Ay =P
BRI R
Gi B BTN, Ak ASIFRIEOR, BBEAIRE e g g 3 o
AR ARG T S b, BT, RIRBRIIALLME oo S BB EIR gy
PR A HE T AL 7 R s S IR B R B ARE R
b A 1= JEA 1L 4E 1 i . . . . N .
Bis R, LT R (S, SO BEOWRE e gy
BT Tronde N L T g SURER L RS BN, B R T S T
B e GRS Lo m IR SOPEN AR
i S IS, S22 e ey SRS N
Ghosh A" 85 St i, Fe & mebimnsic o 2 OSPIPIIEL DRE G S e s smsien, MR
BB RLRC/TR, TR RO R kL =
BLA BB GIER s OB R R AR, ST —
o PRI, S ARONBA JOREH PR B baak dnina - ITERE
AT R, SRR M S, MERRRERRET  URoR e <N TS
Bt et b &
T LT IT —
9 AR, SRR W BB R (R R AR
OPHT Fuang® AT EICT, BB SCE VB 0, SRR S O S s H A
MEE AR AT, A e fi R
Bk o
BT RO BB K, 1 BRI B, B o r e AUEBAR e s
Huang A BT ECT- B P FACE, ) A5G, B ARSI R il B g TR
LS5 Sy BUAS AL R AL EIE R . iR n L FE S -

Cr = A1 - Cyan + A2 - Chime + A3 - Ceog (5)
Ho, ComBRESTREREGBREHE. 4
M) s Crime T I [A] 2 FR A % BE (40 1 SRS B
SERFPEEISR ), Cloe 78 R ST EI AT (A0 SRS B
. BEPERE) . BERE, M, A3 >0, WL
AL+ Ao+ A3 = 1o SAGE N, TKIESEPRMESS RIGRE
DA IARFE R T 8 RGN 55 PR 853 1) B Ak
INFNRE ST, & SUN
Qr = w1 - Eper +wy - By + w3 - Eana (6)

Hrr, B3~ 2 WA B0 2R (Wi K4
FERE . Wl LR E]) s B 3R 95 155 245 BOR b 5 T &
(PLEC AL . M RTE TR ) Bapa RS AT
BritgE (A IS AT AR . KEHBA A
E)o PE W, we, w3y >0, WLEw +ws+ws =1,
FH T VR B 85I 18 S AR S S B T

N/HLE EvgrE NSV R &,
%%Uiﬂﬁfﬂ%ﬂﬁ\l(ﬂﬂﬂQT*DCT%@%/EH%%), & X
TE XA

Iy
T Iu+In

(7)

Ar

HEm, CLRGUER H AR A RAEN], & XA
HLE& B E sk 5t
Bp ={ap € Dp|Ay. v =0} = By (8)

Bp = {a}; = arg max Aap JH,M} (9)

apeDp

Horf, BpMBp il NHLELG B EPERFE T 5
MBS, Bo ] UM BELIA T Agp a1
Aqp Ju 73 MR B A BN SR AE I S Al b 34 bR

SUBME, T 2 AR RE SR TP A AE
N TR HA, E SCEE AL AT A, 73 590 %
RLF AHURR A B EPE RS AL, 2
0<A <A<l (10)
Pk, 3R ABLRELE A PR AR 2 B oy

Ar < A], *ﬂ%%ﬂ‘i‘?rﬂ‘@%%
m%*ﬁﬁ = Al < AT < Au> A*ﬂmﬁﬂﬁ%% (11)
Ar > Ay, ANEKFEFR K
3.21 AXFFEIRK
N SR SR 1 AR B L T B W B R AR G

AR SRS S AT I T B AR R B, 19814F, ik
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=]

2 %

AT %

=B AP R G T H IR (Man-Machine-
Environment System Engineering, MMESE)[,
W CDANAER” Bk, AR, L
AR = F A — AR I DL 504k, A
FARAES ], B ESRENIR A (N) BAK
I (BL) SR 2SR (A5 ) AR g N BT B i, 750
N KA B 5 OFRHE, JRR PR AR A
R 5 RGN SiEH], DSEM ARG “Za. &
RAZGE” AT Bhn. ANRFEFMUBHFHEI T “A
FE[EIER” (IGRE Re L, B ELI AN T e
PEETAME, FF SRS PHAT IR . iz
MHVAZ B 5 W R S Bl 5 R =N SR G R R, R
T ENEE BRAGER R SRR, K AR
bR E PRI ) R, B AL B B 11 ]

K132 AR T PR LRGN AL, fEi%
LT, ANREXZS5RARGE ST, B2
Sk i, FiRe R 54 R BT
WA B 1 NS ZRiE #8208 F A I 22 ST
B, BEJE A I bR o R s, IR A i H
FEAT P SR T 1) R DL A RE NS = & B R AE A
G 2R B BT N AR, FRRX Sl T
BASPRAR, AT AR R g PSR i B . 2 kAR
Ja, SO RENS B BRI AR I, A SEILR
W BEEARER BB, FIN, AT 5L FF )
AR LA R B R SR L EAT e, R P s R i x
RS HEAT AR, JRARAE AT AY e t BT AR

BI149t— 0 U] 7 N8 32 3 8 ok S8 1) s -
W EIRKEN M. RgBBURIREANE, R
BRI AR R SE RAAE JE, FF 45 G 0 e v 1 45380
W AR ERE ARG, BRI RS, ik
KEEER, WU RS CNEEE #1450 E 1A
W, ATHEmL, FEEEIK R T
R, REHATRGHNGE 0 B, Bonr
HANRLZEE, BohmBEREERRELS R, Shr
LT, ATARYEAT 55 U RS IC BN R AR T

Kl 13 ANETPRRSE RGFEAHELE

B, X R TR RN AR IE = R O
file LRBEE ARG LW 2 R E 7 SR
B, FERFREARACH NI PRI o 0 T-380 4375 3 DL
SEMIFEA, RGn] i % N T3 1) 45 AL RAIE 2 ()
P AR ALLRE BRAAT A AR A D i 5 B, JRal I a0
WZEREE 7 AR R ANRE, AWeE 240
MR R, BRI R R T — M RFELIEAR) 5 T 1A
I, WL B NS4 ) L, NSRBI 352
THESIRRE, LIRS A PRI EI AL
A E B R RS

PNESE It P i i NS S DN T
F RIENNFIILH, I m &AL i
FAGHEFERY . g, ZhoufE N H— AN H A
XK. HEEE ARG RFHRMN-E -
Z 4t (Human-Cyber-Physical System, HCPS). H
i, VI RGNESZPATE, EERGHTITIBA
FKER RN SRR S, DL NS AE T
IR . EHCPSHESR N, ANBRARAN
WS LRI, RART FE FHA . FF 0T
Z AU L R M SO R AR TR SR R, Nikitin®4g
H —Fh e S HEL 5] F (Decision Rule Elictation,
DRE)WL# . &7 R T AR LRI, 25
& A8 2R ) RN SR AN, SIS AR
ZiMR S . DREFERIT WS Tk s 554E 5%
o R AR T T RN SR B HE R It S R G T R
AR T A NSOt NAE I BVR A Y B Be, 2R i
BNEMAE R BN e RS oH 5 0] 2% (A0 B 155
). TEULHEZEH, ANRIBAAE ARG 0 S
B GmE . AL e R, A8
AN, REERGES AR NRIEBR . A
RN FTRE ) LA TR RE IR EERR G, SR
“U141>27 ISR R F RN . BEAh, Shids A7
BE X R SFEH RE R ] R, $R AT AR
58 R R % 2] Bk (Human-guided Morality
Awareness Learning, HuMAL), FIHARMIAZFE

14 NEE TR ISHTR R
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B 15 A [l % PV 1 i R e

St B R AR IE M, SR A 2% 2T B e A R
A AT SR BRI, DR BEAR BT AR SR R it
.
3.2.2 HBREFEIRRK

FENLER E R RRSE T, RGEEBIIFRFEAL
AR RS, mALMBANERE. SAEKFER
RRFHZ O XAE T, AEFESHEME Rt
5, ARSI TR, Sk ] AL T ] f
RYE NI NN AR

Xy —Ia i, Wi 2 M EA RS K
PR AR T V0 L) A 2 T SR 4R R A T R
RIS, T b 3 R S R AN E PR S
WM. B, RMEEBA (Accumulator Model) Al
R HUE A (Drift-Diffusion Model, DDM) 1A
SIS A P T R N SR AE AN R PN 8] s 7 TR B
PRSE ML il an, Lin%E NOVER X+ 8 1 5%
STHY B 5 0k AT AR RR RS2t —FhEE T DDMK
RRER, TR B FE il 5 “4Fik”
AW AR, R R BRI 1B R R 9 HE

TERL) 2% 2] (Imitative Learning, IL)%IH, R
SRl 2 B SORTE LIRS 1T R0, L HEH T
B Z A SOBHUE S . R 3RS 2] (Inverse
Reinforcement Learning, IRL)"IU 2 71 M E K
A7 AT RS B3 R A, DASE AF UM S N S
. Huang® NOUHRH T —Fh 2644 TOIIAT 9 RLRIAE
28, DASRAME S TN 5 32 3 e S A] i TS 1) R, i
J7EM A Transformer TN H 2 25 B 42 5 1) 2 125
LHATHN, HaamKBIRLI IR ERE, FR
Gt BT N RS XA o FETE T SO B R 55 )
H, R A KRR (Markov Decision Process,
MDP) I (i 7 38 FH (1 s AAE 2L, an 16 B,
Robertazzi%F N 75 H—Mfix 5 & 1) 765 = T AR
28, BRI A 2008 5T iR A L o 207V TR
b2 2] (Reinforcement Learning, RL), #id4MZE
TC 2 RGBS R N JE SN 1 S0 B e 2 A (AR
REMF )R, AiE 2 OkS G RET NIE
TR, IF LSRRG 5 AN AR N S A5
T, SEBI R RIREL AT S HI S A . R

Kl 16 Fr B SRIR S Heds o 0

ILSRIAPA AL B 5 L 50K, (HAER ZORIRZ A1
AR RRZIR . Nk, HFREKILERLE A,
Bl Li%E N —Fh 45 B 1L 5 4R B AT A -
IR H I, BT AR5 I HESE, 7576
EHRAX MBI RR, ARERT 7T AR
FSE HAT ARG BE

FERR RN Z AR R BEAR RS, I8
a7 5] NE-J7 [ 4L R U (Tdentification Rule and
Direction Rule, IR-DR)FIRALILIFLI] (Optimiza-
tion-based Rule, OR)&FHAY, DAY R BEAR [ T3
ReJ). H5MEREARE, FEAILRREE R 2 A
WK E a1, a0, -, am BAEN—DEAR, FFRVFEA

LIPS HBEAN R RS, AAmRR N
(0',0%, -, 0™) — (3',0%,-+,5™) (12)
F (o', 0% ,0™) = 0° (13)
F (0% 5") = o (14)
CL (0",0%+,0™) > (15)

Hrr, oF HREE ar, (k=1,2,--,m) R, o8N
VRS R PSR, i o AR A R P AR OB AR U SR
of (B J5 I BE R i soc), N (15)2&Fa0" LK
FHREANTHRRNE Ea. NIRIZEB TP RE,
AL HiRR &/ ae A ik R Rk
DA T e K 00 i B ) 00 A B A o102

ARk, NI IRBiEd % 2] (Reinforcement
Learning from Human Feedback, RLHF )& #f %
NRIEF BRI 0E . B, ChatGPT
RilE N A A th 25 R ) E T4y, 5l 3 e
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e
HE

#H AT

BRSO AY S ST S B N i N SR AN A i 4 5 HE P
AR (27103 105] IR [ YR i R 2 A A KA ) DeepSeek
R1BgE— 35 52 AR AR HEBE AL (Group Relative
Policy Optimization, GRPO)ME %, % AT D
B EREEUERE T, BT TS H
F 2SI RS, B RGNS 5EE
MIRE ST . FLAEHE B AR A OB NS« R4
(Chain-of-Thought, CoT)” H & B 5& EHL
file (EFERERR, RSB I H 5K
F5INERE ST, NFAE AR A 3 BRI AE
ARG S INGM BL, HEFL S P S R ) hh AR 7Y
FHAT.

3.2.3 A#HBEIEURTR

AU [F) 28 e S s i N 2K 5 LA LEAN i 40
INEIHL) BB — Sk, KRG TR R A
WL [ SR 0, I8 R AR & 528 B SEH AT {5
A fERE H A R E R R . Zieba 5 NS5 H
CHIRETTEE” S, REWEINEATE BN,
Re AR A1 S B AR A e BN A TR B A DLV R S, #e g
H & HIERRE ST ANLEL A & REHESE . Abbink5F
N — Pz 3 o B I i, B
FEAESS AL AT SL e B BRAR R AR, RGATI9R
VA B A SN - AT B R PR SE ML S i E . ZE I
Beaih I, Zhao®E NN TH T —Fh 2 3 R A0 B B
R IRHEZE (Multi-Agent ToM Decision-Making,
MAToM-DM). IZHEZLLEKMHRZ L85 H (MA ToM-
SNN) H il & H R 456 (Self-MAToM) 5 fih N %247
J9(Other-MAToM), &8 ek A% 3 & E H
5 HEnG, E VM AN TE G b 0 25 4 T B A AT BA SR I
Feng® NN H BT RLIJANLIRE 735, 1EB LKL
RLHEZE R YIZRAERE 2%, i RGHe08 3 3R AME
S EOE A I AN T HIBT B, AT B KRR BE K
HEANLE B .

WAL, TR N AR 5 N B A L]
250t FE st T 1 TRM. AR A
EFKM T 22538 B A5 AT I B B,
TR B TG BRI TR N PR 2 07 = WL, i
R AT AN E SN HI A . Linsg A0
& th — b T30 22 eR O B A R BERSE AL, F TR
W B NS R G R BN . AL E R AHLAE
HAERMAS AR, R A AN H A R
PefdE, B 2 A TGV ik — 2D A i sl A %) 24 /iy
R TT SRR R . SCHR[112) M 1 — ik SR )
FS 51 ZR0 B AN R e SR . A B
HEetEPr = (M, H}H K, HPMERPEE, HER
NEo MITHE—NA R IE SO RFEES

D, M EMoecO(|0]>2) N —HhiEde D.
LB AR IMAEAE S B, B D S [R] k5 o 2
W TN TIE GRS . D R 2
A T oV AR BRI, B A SR G
EILTHT R

RN EIR AR FFRE., P FE S RE
5 NHLYR R B e 3 R AH 56 TAE AT 39N a4 .

4 HMANH
4.1 BHES

TEEFHI, AAER ek Z N T
RIS, FEHIEL R, SR 5
GRUCIDL R AW I BG4 7 ] . BourasSE AN
P —Fh R T Im PR & L4 B EH R (Long-Rang,
LoRa) I REI R RS, WL M REEN RGBS
RRAE 547 R UM B s S R A AR, JEBINZ
BEASAE AR, K m] 2 S &% it (e st . AR FE S
s 5 2 E) 7 B P T D RE A LR S, R K
F-RIR- S A RE b IR RO L o A e S 1O
PR T — T ANLAA B e FR R R AE S, R
FATLF MBS BN S G B 5k )
VLN TGN, SR S S48 B 1) R R AL
FESY, SRS PS5 a5 22 AR A 1
AL RE 77 Huang® A2 H—Fiin a) g L
H 3 K THIALRE () BERY W 58 R 4e, FL 2% R 1 ml ks
PESZH M, BRI S NRRAE AT 22 44
NSEEER, WA BIRENAT %24 FoRIES
NPUZER T ANV R G BA B R BERR, i SR A
TR RS B 22 ARS8 T rEt .

VE# BT N REAERE R G 80E 30 LRERE 0 A
BRCAERE R AR HE TRV 70 0T 20224 LUB K
RSB R, FEERE T RS ORI A L B AR
RSP & (A0 B8 AT/ ) 5 T REANL I 2 S A4 3 5 2
SCHLFYD AR R A (WEL9FTR), SEILE LA
R AR L. A, AT PR HEE
LYRE. TEANLELE T, “F & E AR BILES

P17 ABLE RN LR 5 il R R Gk A HE S
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%5 MERKESHEL
W ik 0k SRR SRR SR VRS R
HOPSHRSBRASE  WOLIAERIESE, T8 SHROREN o R
Zhow A A, ARSI RIER N B0R R R IAE, AR e
TR T EBHMIAE. DR R AR HERCE o S
o BRI BTN OB IR A SR (R
O ikt AV RITHEP R R, K RROE DRTAILIE, 2 RFER S P RASORS . ERRE AR
o N el a2 ST U IRE Tk M RO R TR IR D Bt 5h S Elil e
Wk 1, frase
HOVALSOER ARG (HCCKBRIMIR, (L ORI BN
ST EERESI A AL, W WIS AR, KR BRASHBIE  afEd, el
B AR AR, BRI PR I . R AN e R4
DDMEHL BB AF A RO R, & o
LAY RIS ST TR e MBS, SR DT DR RREARIE L RS
H KT R L. . i Gl
SR E T2 1555 B )
\” WBRAS IR oo eI, BV ZURCBEG. o o L4%k £13)
Huang?p Al ORI, IRLSSTRAREA oty il “ouribme wopa oy DHEREID  ppp
FHEA ST, ZRA T ot S T ne
B U R FF RS AR ° ‘ B
£em e HORT A X R 2 A L
v & . Wé’élﬁiﬁgglibﬁqmiﬂﬁgg AN = PN A vih 2 YL A
WA Robertarst immm sy, witt mgem L, RS IFZMAIRIIT,  WRRALSE s myz gz
EIN o Y AL “BEAR” DUREBY B, SEETPE 5%
BRI L. Py
WA YT T A T .
ol L KBRS, B NEEF. ‘ I
e TOUREEE, e ufbUalbe s, P R IEE SR, BEIEI i fARASII AT QBT
99] bR R g SIZHS - NS e g S e o
WA e, s i N (T ISBERIRER, ST EREMRER Tpormimank  moni
PR A BEHE 1R SR it
MAToM-DMS:HL LT f HOBE AR AL, 51 % R IR o
Zhao AU 3, MATOM-SNNBUBNGHUTE: A% R IAAKIE, Il SRIESHI BRSNS 8
BB, SRRTAERAEE. O SRS =
ML e RLEBGBUREAHA AN |, O AUMESIIAR AP SR yepmn i
g PRSI e e STk, Dok SSMRBENASENARRLS,  RRRIEAR gyt g
e ’ VR R R R R FRBLR O
e I MREIRE N pempmmamrin, g E SR g e I
Liwg Ao 0, JAUBEILILERED.  sommapamres, s 0 HEES gy ATER
S, WSRO doo gy SEEEE

RN

18 fU BHU S SRR AL B AR A SRR P 65

FESRBL SR G A5 AL BT, B 2 A S5 AT
AR RRM S ERE ). EICERA b, AR
N2 ) — ol S Rl & B A HL R RV NRRE SR, fs
HEAASHE B S B R B R R BN EoR T
TR E IR G SR IS e v, JF S HEE B AL
P SR ST 22 [ R o7 (8 — B AE . AT BT

HFIEZIR https://www. cnki. net

B 19 LEHLHE S Se s B 9 v T b4

RED R EMIME S M. AR, 2
R A5 N 2SIFE 7 5 22 8 R A B AR LRI S0 g TN
NREL: (AE20/7R), 4% RE 1A 2 8] £7 £ Al 43 B
R B AR TCIETE R L PR R, d A NEAT B
RABIE, oy dE NI 7 an s 21 s ALK
FUEML S SRR S0, AR & I SC IR SR < 25
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ARG SRR REMEREE NS, SZBA Decision Support System, CDSS)™4%, Li% A1)
MLE R A 2530 6 25 ND200 3 3 A WLAR & TR IR E S T BRI RS, Edaa A
()22 B BEAA A M 1 B R SR AE SR (227 ), L35 KEESPLEREE, ﬁ%%%%ﬁﬁ%¢k%ﬂ

é%%ﬂ%ﬁﬁ TR A AN N2 il B PR e
M. B RE R I 45 R L 15 5 52 BRI B L9 PA PRI 4
RIRE, B A2 A R e R A o I P2 45 SR AT
AHUERRRAL, AR TE R Bk T Sl I £ 56
[T AT S BHE TR 24, KLk RE
JIIEARRAL .

FAT, AN CRTR I8 2 il ] T 25 S AUk )
AHLEL S B RERSK RS, TR R4,

E AT, BT RREE B RS DA f C4ISR
RARRIEAIATT, A NERIRIE AT & K 4E
GRAGHEEA LAY, R RN IFREH VY
SAEFMRIIRE ST EBIRHECRAA R bk

RY, ﬁﬁﬂ%’*ﬁﬁ* g B AT A AR A A R
1RSI 5, R NBS IR A . B RER
iﬁﬁb@%%ﬁi‘ih

2 HEEETT

FEBEYT U8, NALEL & B BE SR IE BN IR TR
JTEEMEBEPHRRRREEAR, AT FA
RN, R IR YT R PR PSR SR 22 48 (Clinical

[ 20 3T AR B BRI IR 2 8 R B L

22 A\Hli & 28

31, RIEMEAERINIPE S % . Garcia-Moreno
NPT N ABCL, LI AT ZAME B3 1
RS BE 5P RS2 I 5 1. Pavon-
PulidofF NS T — 3K nr i fE # il /B # L% A
I ZE R, 5 BIRGB-DAH ML K 5 Mk 532 3l
ARG AL TR 5 1) S O A P AL i 2 R IR 41k
Bk, SCILANLECE) . Caifs NIS2A$g A PEALIESE
1R IT MU (Individualized Interval-valued De-
cision Rule, 12DR), H4E45 245 i 9 i & & € 77
HIGH, BRAELSERE AR AEIEH SRR
AR AR, IR RAE 5SS, 2
NS — B3 T AL & TE LR 2T Ik B IR
JiE, SEBEWEE. EABS A SRR
GZ AR, PRI IR IR REE

TESEBR R, BB AN EFA B (Intuitive
b ML ALAS 2 7] (International Busi-
ness Machines corporation, IBM). %2 T2t
HA o JIFE TR 3 R 5 i 3dk 1 R 7 4 A
(Heartport) Bk H R 2 T N AE RIS IIA 57 77 TR

Surgical)

21 LML AR 5] S0 5 PSR U FR e

BeARAE MY H 1) e 5 HE L 126)
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HLEs N, B FEEEEHANLE, KBERERH
ANRGFER], AU T CLERR N F AR E 58
BRE i e R . SR L FAMRHA F IR B
MAKORML#s A 7] 7E AR HH H2 At S i e 75t -4 Bh 2= A
SEMRRTTE TR, REEFEFROARBHLZEA
e RHlGE AN . DFESFRILBASH
CEERZ TR AR 5 2 i, BERIATF AR
1R BRG FE 5 R AR Rg
4.3 BEemy

H AT A LA 5 B8 D 58 75 25 B Ak 11 B 3 22
RETHWH RS, HAGREEW OCREK
w{mu [91,134] N E%,’Té%m{zu [53,78,79,94] . % ]JD—J j:j':)"ﬁ%” [1354136]/_{_"‘@,{£
%o Wang% N BT o3 By K B B S 2 i3, il
PEH MR B B RAE 2RI 5 T RIRSEAT N, (EE3)
7 O 22 45 6 % O A A N AN [F) B O S A0l A R
Wue NS5 —Ff gl & s N T 5] 5 7R B 5tk
207, AT NGRS A B3 242 (A 1%
RS o 2077 3R NSRRI 2RI FE A& 34T

NBEATRI TS A 1E, A R T RS IERE -
Wang%# A\ FHBCIAFS 2 38 R &, 430
WA, IFIE IR BE TR G0 sh 25 B 4 42 ) 5
W% . Mohammed&F A\ MOI%E T 2 4% [R5 fif 1 25 Bk 53
I AW ] U B2 g A o A L P i U
BACRAL L R T . Dong% NMUHTH T —Fh
N 4 B 25 B R S5 9 (B 23 o ), fEBCTS %2
2 1A 5N B g, SERUBAAN 1] — IR AL e e 4%
o Maf5 M H LT g P ) L2 5 17) R4
MEEL RS A E REMBRIEESR, BT
T2, BEhsEE A M, DR FHSN . Hu
S NIVSTIN Ry 3 7 i T ROBRAEE 17 27 > X 2% 1) 22 4 72
BRHTE, A AL A SR 1R Rl 5 8 R 4 fa
Bz A, SR AT HUA 5 E B R

SRRA S TR e 2 B AL R EOR
IEHRIE R, Teslay FREE. HNANAKEE AR
BN IERRAE S AR SCEAR IR A SV . RIS
Ry, (EFHR TR A AN TR G R

* 4 ERYUHEHRNANBMES S ERKRR

T4 i B AL
DARPA® osinee BORRIRANT  ETEELWEE, SABICIESIRYIEA, ST RS RS
8 Fh SANBEREEIE, JERG RIS R AT A
balntis Gothann HREE BT REBKWEGLERL Y, S RBER T RIS WK
MABILT- 6 (ERR IR, T GBI i 8 R AR A . FHEAT
Joint Automated
Decp Operations oy, DSREIREIR, SRS MBEMER S NUBARILR, B o
Coordination NP S pe kA i, SRR S A S e P
System®
e ey RIS SRS RS IO SRS, RS RE
Date Sostan HIERG  SEEE, SRR S Wizt
N - SR SRS SRR, S RO Pl SR o
Aogis Combat I IRIEIEIBN. BB IHR, N WO, R e 9]
v S 73 S 2L e
Command and
Control, Battle oo SUSSIREASSIA, HRNLY S ABBE RIS, RSH AR T
Management, and 70 PRI i 2 A 7 5 KN KRG A
Communications'"
woemne AGERIES BMEATRERRGSHE, MRS RERT S ABERICE
Gorerprs WETE TR, RERTR SR, i
Command Post of A SO RSB ST TR, SR SRR IR B
the Future”  WEEHRS  FALIEL, SIHERR S AU VR, RGN

)
7
8)
)
10)
11)
12

)
13)

9https://www.baesystems.com /en-us/product /insight-multi-intelligence-sensor-fusion
https://www.palantir.com/platforms/gotham/
https://www.lockheedmartin.com/en-us/products/aegis-combat-system.html

https://www.intelink.gov/wiki/Net-Centric_Enterprise Services
https://gdmissionsystems.com/command-and-control /command-post-of-the-future

https://www.army.mil/article/274043 /army enters into development phase of the joint targeting fires product
Yhttps://www.leidos.com/sites/leidos/files/2021-10/ AFATDS-Fact-Sheet-Digital-2021.pdf

https://www.lockheedmartin.com/en-us/products/command-control-battle-management-communications-c2bme.html
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i AHLFEZHAR SN 5 55518 AHLRLE 1 52
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4.4 Hit

TER REE M, ANLRLG R Bk 1z B A
TOhEIEF= . ARG . AR e 1 R 5 % i R A
Shpat. EEHAHNGE BT 2B PMER geblds A
Sawyer, M CognexM i 5 £Gt. H ) AldE
HiEfEE RN S HES), REREB R TAEES. 4
W R AR, Sawyerfe B N E K, KEHEHL
FEAE DB R IR 0t fRBE N 4. FREHE
HHIJAKA RAIHLA NERRTC L R B B GRTE
Wz 2S8R, AMURF 7 waet, a8
ok T ML NE NR BN 2 MM EAL HES H
TEMNAE S Liudse NIt —Fh ST R B AR AR
Tl = S BRBE  SEAEE, K N R BN HIB S P
MAtHEAg S, BERA TRIEES®E, vk
N TATIR ZE 505 ORI EE [ .

TER RE R, AMLRELG R 68 ok CAE KU
bl BRVERS I 5 15 F PP AL 55 T R B H S AR
. Aitheon'J: T ERC-20 X BBt & T 4l
FEMRETF &, HE ML LA, BRER
KR HIMCRIEFPLEE NS, EaFEH A
L RAMMNE R RS (Aitheon Expert) & RSt
(Aitheon Pilot), #FtiiE 551 % R%E7T. ¥&
Al LA SRS $ 5%, BERAL G EE S D4
Mo ZEPESENISHRE “REEE” TR, E5IA
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Abstract:

Significance The exponential growth of data volume, advances in computational power, and progress in
algorithmic theory have accelerated the development of Artificial Intelligence (AI). Although AT offers
unprecedented opportunities across industries, it continues to face limitations such as dependence on large
datasets, poor interpretability of learning and decision-making mechanisms, limited robustness, and
susceptibility to hallucinations. To overcome these challenges, integrating human cognitive decision-making
capabilities and human-like cognitive models into AI systems is essential. This integration gives rise to a new
form of intelligence—Human-Machine Fusion Intelligence—which combines physiological and physical
characteristics. The core concept is to harness the complementary strengths of humans and machines in
information processing and decision-making: humans provide intuitive judgment and contextual understanding,
whereas machines are capable of high-speed computation and large-scale data analysis. By establishing a
synergistic, collaborative “partnership,” Human-Machine Fusion Intelligent Decision-Making seeks to
optimize decision quality through coordinated organic and probabilistic integration. This paradigm holds
significant potential to improve decision reliability in mission-critical contexts, such as military operations,
medical procedures, and autonomous driving, thus offering both theoretical research value and practical
application relevance.

Progress Unlike prior reviews that focus primarily on specific application domains, this article presents a
comprehensive overview of Human-Machine Fusion Intelligence across four key dimensions: conceptual
foundations, system framework, practical applications, and current challenges and future prospects. The core
contributions of this review are summarized in the following four areas: First, it elucidates the advantages of
Human-Machine Fusion Intelligent Decision-Making systems: (1) Improved decision-making accuracy—By
combining machines’ strengths in data processing and logical reasoning with human capabilities in handling
unstructured problems and ethically complex decisions, the system enables dynamic adjustment through a
human-in-the-loop mechanism. (2) Enhanced interpretability of decision outcomes—The decision-making
process bridges the cognitive gap between humans and machines, providing a transparent, traceable decision
path and clarifying accountability boundaries. (3) Greater system robustness—By integrating machines’ risk
monitoring and adaptive capabilities with human experiential judgment in complex or uncertain environments,
the system establishes a closed-loop collaboration that balances technological rationality with human cognition.
Second, the article highlights that Human-Machine Fusion systems cannot operate independently in safety-
critical contexts due to imperfect trust mechanisms and ethical constraints. In response, it proposes a
hierarchical architecture comprising two key layers: (1) Situational awareness layer, including three core
processes: multimodal data perception, cross-modal information fusion, and situational analysis. (2)
Collaborative decision-making layer, which distinguishes three decision-making paradigms based on task

characteristics and human-machine interaction mode: (a) Human-led decision-making, suited for tasks with high

s

%
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uncertainty and open-ended conditions, where an enhanced intelligence model with a human-in-the-loop is
adopted. (b) Machine-led decision-making, appropriate for tasks with lower uncertainty, emphasizing hybrid
intelligence through cognitive model integration in automated workflows. (¢) Human-machine collaborative
decision-making, applicable when human and machine strengths are complementary, allowing for equal,
synergistic cooperation to optimize decision efficiency. Third, the article synthesizes recent technological
progress, summarizing representative applications of Human-Machine Fusion Intelligent Decision-Making in
mission-critical domains such as the military, healthcare, and autonomous driving. Finally, it identifies six key
directions for future development: optimization of multimodal perception, fusion of semantic and feature spaces,
construction of deep collaborative feedback loops, dynamic task allocation mechanisms, enhancement of system
reliability, and development of ethical guidelines. These directions aim to advance efficient collaboration and
sustainable evolution of human-machine intelligence.

Conclusions This review adopts a systematic research approach to examine Human-Machine Fusion
Intelligence in decision-making across four core dimensions. First, it presents a theoretical analysis of the
fundamental concepts underpinning Human-Machine Fusion Intelligence and highlights its unique advantages in
complex decision-making contexts. Second, it proposes a general framework for Human-Machine Fusion
Intelligent Decision-Making systems, emphasizing two key components: situational awareness and collaborative
decision-making. Based on this framework, decision-making approaches are categorized into three types
according to task characteristics and the nature of human-machine interaction: human-led, machine-led, and
human-machine collaborative decision-making. Third, the review synthesizes recent practical advancements in
representative application domains. Finally, it examines emerging trends in the development of Human-Machine
Fusion Intelligent Decision-Making.

Prospects Human-Machine Fusion Intelligent Decision-Making offers substantial research value and strong
application potential for advancing emerging industries and enabling new intelligent paradigms. Although
several exploratory efforts have been made, the field remains in its infancy, lacking a unified and mature
theoretical or technological foundation. Key scientific and engineering challenges persist, including the
optimization of multimodal perception and data fusion, bridging the semantic gap between human cognition
and machine-represented feature spaces, and achieving deep integration of human and machine intelligence.
Continued interdisciplinary collaboration will be essential to drive theoretical progress and technological
innovation, further unlocking the potential of Human-Machine Fusion Intelligent Decision-Making.

Key words: Artificial Intelligence (AI); Human-machine fusion intelligence; Intelligent decision-making; Human-

machine cooperation



