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Abstract: The rapid development of intelligent driving technology has made human-machine collaborative co-driving a key paradigm for
balancing automation capabilities with human driving rights and responsibilities. Driving authority takeover technology, which ensures the
safe, smooth, and efficient transfer of control between humans and machines, has become one of the core challenges and technical

bottlenecks in this field. By systematically reviewing relevant research on theoretical frameworks, technical challenges, and interaction
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mechanisms, the limitations of driving authority takeover technology in real-time decision-making and personalized adaptation are
highlighted. This enables a thorough analysis of current progress and clarifies future research directions. First, from a multidisciplinary
perspective, this study elaborates on the theoretical foundation of driving authority takeover, proposes a classification framework based on
scenario characteristics, and analyzes the roles of factors such as environmental complexity and driver state. In addition, the wake-up
strategies and control algorithms are systematically compared, highlighting the shortcomings of current technology in adapting to complex
scenarios and personalized designs. Second, the influence of human-machine trust on driving authority takeover is innovatively explored.
From the two dimensions of trust dynamic modeling and multimodal interaction, a trust calibration-based optimization method for takeover
strategies is proposed. Finally, the trend toward integrating large models with cross-modal cognitive technology is envisioned, providing
research directions for seamless human-machine collaborative driving in the future.

Key words: human-machine shared driving; human-machine trust; driving takeover
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AT U R T R G R AT NS B AT & P A PERR ), N AU AERT SR T SRS M . 5 ST VP48
25 AHEEERZE

TEANILZE A0, NS TR IR ANILE KRR 24 m8US T IR, Jaiit i, 18 & R 908 ¥
55 SRR M0 T R 2 7R o B RS AT AR SR S

PEm R RIE WA N 2 AR T B, HoAX O FE Tl il G 5 (5 B A% 08, P B R A ki iR 5 s
BPIRAS. Li 258 N OB 7028 0, 385 SR AHLIE 28 R G5 1w 5535 W 5, T 45 434 5 A FE 8 R AN (e A 28 B SR T 23t g
iy 85 3 4 1 2 T (R R AR R R BB AT E . Liu S5 N U OPE S5 g 42 M S 56 b % B0, 89 00 52 5 P ] A R 42 it
25 AR USSR R T R ZOR ] P E AT KT, Lee 28 A7 584 1| U B b 255018 R G HTE RS B, H
1E R G0 5% PRI (S AEE 2 B Kraus 25 N RGBT U8 0, 248 ol B ) 22 7 ] g S 8UE AR08 T FF, (R3S 7E &
Z550 BRI TR ALIE M IS B, SRR BRI DAS 2058 4. Du 25 A USRS T AR LA 1 S AL TR SHE AT 5, R IR
TFEINIARE (BExpl) b3 /5 OB (AExpl) TG FIF-(S 4T @7, T f0 ¥R F /™ S48 2 7502 RGE st (PermReq) B
BERTHEAE, E355R 7 P ke Niu 28N VYRR T ERsh RS B LR RS BRI, RIS+
PN JE R 735 8 E 3T T (5 450F 4. Khastgir 25 A "L ) P 3R 60 R G0 B Tl A 5 R BR A 03, et A
1R HIHERR R HE. Petersen 25 N UL R RIS BRI N4 1, KBRS SA 450 (RALIREFEH 5@ FHETEE R,
HUONE SA A (DERBRIRESTERD), #5140 (BfE 5 Beiik. R &% W A By T 1558 F P 2L, (H AT e ok
R HSE LA AR NS in) 5, oo B AR A v R 51 R A P IR B S A N fues A

AN 2 T XA A2 5 — P G B AT A T SR, oA O e T AL 2 R AT N RFA FH - 2 3k ST RN
s, M5 SR AN ARG AL . Abe 25 A U AL AN AL 8RN RIA 201X 3 Fh 2 mhsfems, KB
SEI ) TR E 224 HUAT TR0 B RS (CAn PRI A i) R 2 SR T % 1), 1T AR 58 A EILH A A B 3. Hartwich
S NUBIHE—I5 gt 725 T 2 %ok R XU (100922 52 155 O v, AP S L B 2> A ML PR 0 BEE . SR 1T, 3K — SRS 11
SRR EAE . TR MR E N 2 PR Bk, RGURAE R SR AT BEVS T B A IR R, FLIR, SER R A O
KRG TR INTH AL A, S R G NOE P B R, RS0 MRS 2 At 2 (AN HS B, R SR T 78 AR 2
R 45 453 W EE 5 A A S S A 3t 725 T XU 02 35 110 D I, 308 3 T A A foR 355 B D P BER M 2R 0 () R S A A, S PR
R B ATARE.

ZEET S, FAR NG ATARER R TG S E A ML E R 2 (A HUE P45, BRE (R 7 R0 2R R 4ehe
N5 R, ERAE AR B E AR AC AR, R, NEH R 8 45 55 8AR, 8 b 5wtz mamg .
SRR T A AT AR S A BT VPR B Y . B 3 SF B B R LA, AR B R R S PR A 2 T XUk A BB, DA
HEBANSEEFAR M E 224, A5 107 R E.
3 BERFEERARSANGENME

JREB WP HOAR R 5 QS KR ik, (8 HAE SE R R AR T G — 2R 51 kR P e . X e B AN
IIETHAREE, BT 52 HK . BA S S Z A E RN, 45T, ZSUS 0T 78 FE I 3 Kk
Bk,

(1) BB ms 1/ MEAL S B NPk R DA B8 SRS, WnEe g R ML Z2 73, 2 93 T [ e B {E s i
SERR KBRS, SECUE AR B IR ae . INFPRES . ST SN IR MR TR R, — N2 0 R
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M5 A8 BIAF AL SRR, AT REXS 2200 & A0 B B G T, 2R, X Ahe— ]9 U S BURE AR A
BRI B B .

(2) AWLAZ E A A FIS VA B NSV I A B SR 3R S R B FR. 2 B3k RGAL T 3 S
HBALIN, Ab T WP A G A 2 i 5 O BT S R R IR R A R GVEIR A, 2 R G IR R S Bl e
ORI, 230 G AE A FRIKI (8] A, FL LR b T 3RS R AL 1 B JAR 2 5 R D B8 B 7 A 1 85 R S A 0 A7 e 2 [
FEALE ) S0 25 22 55, S KPR AR08 A S 159 225 T 6 el D A AL IR 1) P AR 200 22 S AN B S55 10 78 70 B, AT 3 B89
BIEIR . HRAFRIR. i 2SR A AN AR, Mk, TOAELR G DA A, S A A R 11 ] A

(3) NSRRI B SRR 2558 506 B Zh ik RERIEAEIFIE— AN, T2 R S AR sh ALK, 5
AR FBCE B ST T P 8 H R S, 1595 B Sh AR (R 4L ik B AR AR I v RE 1 25 b 5% 3o P58 Mt 21
i, 15 7 B R AN AL, BRA™ 5 R DRI, A SR A R R T 1 2 B B3 KA AR KT, L AR R K
HARIRES, RIBTHEE LRI KR

BRRE R 5 AHUGAE TR Z R & 2 g o LR PR — N BB AR, BN SR FE S M S 1. AT
R RET I, BRI ANVEAE S B RS M EAL, 70 A5 AR KT e S 2 T 3 (48 R SROBEIS
[E)ANAT e vk, 28T NHUE AR, $1 448 SRS A DL A T ik, BOAm AV SR I AL 52 B 7 R ) SR )
AEAC BT BJE, LSS RTINS, DR KA SRS . I A ANUE R S HOR, TR
FEAES TN AN B 2 Bk B3 S AR /KT, SEBLE %4y i KR A A, HES AR UE B EOR It — 0 K .

3.1 AHUEESERIEE Z BRI EHH

FENNUIEE R G0, NGS5 BERAE Z A 723 2 A% HIR 5 1S B AR SOR 20 53 M ABLAS AR X 25 3
PEAE SRS I T 1 LR R B ANHILAS AR (0 S S e P S AT 1O

MNHUE AT 2 B SR B 19 AR IR, 2 Bk ROR WL 15 AR P 4 W 25 S0 2 g P2 SR . T L3R,
AN B B RE I 2 B SO LA IR AR LA T 22 53, ELAR AN A L 2 A 22 A MG 65 S8 AN 1) 28 Tk 2 1 T xS BR 1)
SrECFE AR . Shi 25 AN MBI 67 442 5 5K AR ARG T R I, 2 BB R KT S X HLER 45 AT B A
K, RIS B REBRAT, XML& B 15 AR A0 75 SRR, T 0k, 2P FE BTt 1 —Fh e T2 Bl BB AE A9 AL B[R] % 1) SR s,
FE LA AE TR, AR 25 Tk GO0 AL &% 25 B 23 Be A AR, 25 B s R ) 25 sk B3 B 242G, RS lse 2 A T, I
R KB BUIRAZ LML LA OR 22 4. SX AP SRS AT B 080 AHLIR 2%, DRI 220 22 4, AR 22 Bk 53 RO 0 T 6. BB,
FEB BT, B A EH M RGN, WTRES MR TBUR SE, B S0 BRI SRUE L R F%, U RS0k
H AT R, A5 P 2 R 25 T G )W [0 3 PR R P R B S 2 ik B 0 AR 0 i AR AT, T 2 ) e FEE A T 7 [
% TOR I [ RERZE; [RZ, FASALREAR, AT RGN 15, S0 25 3RS A1 0%, Lin 25 N V58 TR
IR AN S5 R T () B B R U1 g, B 7E4S A 5T 25 B R ANLIL 2 (57 53R 0 /0 0 Li 25 A R i
A9 P L e [ 2 ) R 4, OB I RS A R R SR AT DAk, DASR T 0ih 7 25 3 4y 22 4 A1k

MERE RIS NG AR SR W A BETT 5, 25 B 0 I3 R SO R Foa L as I AR . 2R 25
B AR IR PRI R AF, Bl AR PR . AER M S TOR, MRF 58 e & e, I8 4 AT TR LS IR A5 AE 7T R
SAFFIG SR, AR S, A L AR LA, B N G SRR R S EUEANARE SE, W RE 2 I 59 2 B S0
HLEIEAE. Du S5 N Zang 55 N OFR H, B — AN M BOLRE, H4 A 83 FURES SECBIAETET 454 H)
7, DASE BT AR S A B, FOROR BB SIS AR 73 . Umpaipant %58 A Ui 9286 RO, 7E3REARFAE T
25 g R e DRI R S DR A, O R R G S 8 3 B R G R R RS AR R R BRI XU
RLAF (K45 R DL RENS 1 7 S b ANLEAE, (k2 3 55 S I 52 5 A s e Thee. M, 3 8 AR IA
A, D SR e e R AR e sh, AT BE SR AMEAETS 44, Shi %6 N A Fe R W, 2925 B0 B S A
HLF I (HMI) AT I R B A 2 I ) sl v 0 i K 5 O B2, T i 2 8 25 Bk 3 0 1% HMIT B R A SR
F A RGP MG AR, S A1 7E R R 25 5 o |1 31 Th B8 (K013 P RO BB AERL L. EAT, Seet 2 N\ il IS
i P OO AR AR A SRR ZS BEAT BIE AT, 2 THT ETHIE T 45 SR DA 9 B A8 IR0 AR AR I Sl 25 R .
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32 EFANGEENSHEEREMRL

ML H AR M PO R R HES) AN F] 2R GO REAS B AT B AL . TE R R 2 4 5 P AR50 U H AR
N, AR R A TG O OB R 1 2, BT BRARBE MR L EIES T 2 0k 5 R GAT NI R R,
P BRI (IR T 25 2 3 01 O I —— R AR 3 50 Rk 8 I AT BURR IR RR R AT 43,
o R G0 R S 3% W SRt = T P R, ARG R RS B AR R A LT R B AS 2 IR R, ] 5 R R
MU B Z 5 2 3 SN RPIRAS (UHE SRR (B AT B sEistm B2, SRt iR Bk, A XM BT SR S B iE
ML H . ZHEL 5G5S RN, REMEIET ANUSAER S B8 KT Fi ik .

TEREENA RS BIE NS H 7, 255 50 AHLILZ KRG ST 52 O3B o (522 AF 753 B 2 WA
Z, et S R4 ADAS (advanced driver assistance system) Zh#g, H2 0 %018 5 B T3 4R /K 7 154,
BF SR — 45, AS AR BN AS B AL 32685 SRS A2 0. Hu 25\ VO B 28 MEIEAS AR (LTI RS 5 A T 25 &
IR 2 P R, I S M 2 B AT O R KU, SRBIL T A AT 2 A AR, I TR SR (S S R R
1% 47.6%. SR, %ML 6 4437 5 (& A B, Kok R i 2 B30 (ks 0F) R THEBE. Sun ZE A1
) CTEM BERY i — P 4B AL 48 B, ilid VGG16 % 73 BT -k 3B s FFAE AN LSTM Tt Ui, W5 &
AR, AR5 52 2% P T i R0 S B ek 2E AL B 4 i 7 1T, Waang 25 A\ U5 V) SOURSERY F2 fh] 58 35 400 s {0 S 50 %
B R, R W Y -2 B R VA o7 SR RN (R 45 R 35%, (R BT NK B L R a5, Fah A ik
5 > SeEL E Ak, Fang 28 A UOURIE 57 & B AR S8 N8 B0 MTCNN 228 1 8 P AL, 78 ™ S5 57 IR A T
BT KME BRI, (H T HAFAE 5 52 6 B4R, F54 LUAE RS 5 (W0 EEG) 35 ] S 4.

TEZ AR 5 RGN 7 H, EE ARG 0 = B R e, ALAEH 1 F R 5 2 R vExt 2 o
RIS TR DR, B — AR 1 AR C M DA R N R B P IR TR, R R T s
BRANAI SE SRR R B R X R RO BN 2 @B S SRE (. Uik, il ) fiig s
FRAE RS, SO I FR I F AR . BG4 WHALR I, Ak B A8 BT SL I R AL & I, A e T T2
B, R B B AT, AN R 28 e (i 8 B0, R A 2 BEE AL B — AN e B
W BRI T RS P RS, Umpaipant 25 A UV B w7 o B 40 n] (R I 1A) 46 40 1.94 s, (HARB BT 5%
ATRE S RS 5T ——PATHT AL 55 B OB TGN R 2.94 s, 375 75 40 37 St W5 EZ . Shi 28 A1)
IOUE T A1l HMI 4545 B TOR MIAL%s, I8 BV EAL LR T 23%, ok & UInE 2 BRI 31%, {H HUD 5 55X
YRR SIREIE, T BATR (0 Wang 5N T = 2B W FE HMID) DT TAR . 5 — SR R AE T, &0t
LA BT RGN AL, Miller 25 N PV RGFHE T L3 AN S B AR S B K, & iy
W TS84T B FUE SR, SR T I T R RN R RS, HFMNE . BRSO R 3K 55 2 2 P R
THAE ALK T 88 4%, Liu 28 N USHE H B ACTNet T 5 2 1 W858 3ok i & 22 YIRCAIR 15000 552 /0 T MG Jak i 1), i
BT TR R BB MR RE TN, D B8 ZE A 1 3 I B 1A BRI T A R T 3 W S N U R B
TR A 39 i R 7 o i o T SR, S 2 A e R I RS AR, (ELFE MIRML D) R fid R I AT 75 4 A
33 ZRERESEIEELRES

W, 2RSS 5T AT 5T B T, (B I = SR AR S A £ 1 2, B (SRR
1) 29 25 M IO S 3R 5 ST o 25 B e 5 V1) 2 P00 2 B SR A7 AE I 3 22, LUK, S AR IR B 18 S B Bl 2 3 i A
FENEZE, H129 T KRG R AE W FE; 58 =, TH fn) Bty 000 A9 P S AL o A T il 56 38 BRI R ARk R

AR, ZAIEAT ST DR O R S SR AN TACEVEAS D7 T, T ARR AL R A A R A
V8 ST gk 73 0 B A7 A 1 SIS B A 0 T, AR AR HE SR AR YR 737 BEARZ T, R A0 e R P 1 1) SR s A
FRASHR AT VR P AR AT 52 A A I R AR A R RN, 1958 R Ge AT D 0 T TR 7E TH LA 7 T, A2 Re R BN
N B (R B = V) 3R, SERUIRAEIR « Ry T SE M0 20 A AR SR . X e R ik 48 IR FE Rl G, K B2
MUE A2 B A 22 4= T X, TR A L R B, N AE RIS S AT B4R A T — R RE AR AE S R Y BTE %
ILR.
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4 RESERE

4.1 FARRL

KRILRGHIL T AL 50h B AR 5 AVUEAERRE k. 55 1 WH SRS HoR B IR 5l . 4>
e\ MR SN K SN, TR T G RBRAR. 5 2 MBI X AL R R R W S A U
PRI T ANVEAEEIRAESL. 58 3 MR BT T ANUBAE SR BOR R 22 TALH], JF25id T3 T3
PR SR M A 792 AT o BT SR £ [0 B3, A S g B A 24 A0 1) 8 A ) S R SRR I AR 3R T R itk il 2%
42 HEMRWAESHERME

S AT e BUAS T 2R AR, LI S SRR AR B, FRATT & B4 R AT FE A A AE LA R LA 75 T A 3 SR PR
P, XSS S TR 2 AR T 0% T TR I S B R

(1) S AT AR R AN B B G TR 2 2] 45 ALY ) TR SR R 4t 1 2l &, (B SR AR ANE Y, ™ E
BELAG T 725 Bk O3 % B AR Aff o BEABE Y. 2 R G0 2 N BRI 4R I, WT AR REME 1 B ok 2 BLHEE T 2 Ik DL IR
TR, FFTTRE 51 R IR4RAE. 24 FT B 700 4 AT e A\ L2 B A N SE I AWLAS HAR IR B ALAN 2, B = fetgsh s
A R SR VAT R PR S B R A 2.

(2) 2558 GURZS IR RS B2 5 BB FEAS A2« A 28 ELUETH X 25 Tk GRS I B 2 AR T PR — IS Bl sh = 2
BT B R Al HE 2 S A ST AN 747 A5 AR /KPS G O IR S 1) S g P A, S 3800 e
2R 5 22 TLAEHEAT) A — TP il 7 SR8 8, WP I DI AR 22 S TG L 72, JeVE SR B IR A AE L

(3) Wi L0 55K S 3 5 1 Rk R A PR K 22 O 5 T v P 4 ) 1 725 A ) 38 B Ak 3% e rh b AT, 3 DAL
DLICSCTE AT R e Mk B e PERL G IR 77, 3% 5 B00F 78 RO IR A0 20 A7 5, 32 Hh IR S 78 5 2 e 1 LK
ATIE IR b I AT S B TG A SE RO IE, RS v U IR (1 A R R AN A2

(4) FRAEACVT Al R R 5 KB IS 2 U R S — B AN YRR R R, A FBE
FRAREATER., BE SRR &AM, B AT A B R X E. thdh, AR 7T 2 A sei, Joik
PG RERS [R] . 2290 F SR M4k, W IEVEIE Al AR AR B B4k I 1310 By 45K S0 XU ) B2 IE 5.

(5) (B VERAESE WY S0 I : RO 5T 2 S rh THEORZ T, X AL S P SHE SR E . A BN 54t 5,
AR BT il B OGEA AL, B Z BTBE LK T AF A e NEZRRE 5T, R Be M Zh S A IR B M A 5 R IE R I ST TR
Fr, ik Z DU A A6 2 v I SRt DR AR 1) e 5 N RN AN 22 4= YR SRAH — 38
43 REMRRE

BT IR R RE, KRR T E AU BLT 5 N7 A F SRR, HESNZ AU AR AT AT < P AR S R 4
A N FH 22 TV

(1) F T A 5 A I ) 18 SE B P AR e SR 97 - PR 208 K 5 R0 R R 3 1 5 A8 R g J S e i
RSB RN, P L ORIE 5 B A AR R SR VAR, A2 Tk % e Jan L AR B S FL AT LA™ R e NTERR 128 FL U
HLi, K RGeS N BRI AHGE A, S A 38252 1) 3= ) By [7] 36 208 42

(2) = T B ILAS B 1 2 Tk CORFS G HE IR 70 TP R 2 B 2 0 UIRZAS IR AIAE L, IR FERL & R Bl 155
PRAE 5 SO, MR A A U 545 AR KT R S ek B B AR PRI AE b, PR R S AR AE LA, S
T2 g e A< [ 1 ) SR 8T T T A v ik

(3) MR T 5 K R SIS M i 70 3 s N sitB B0 se 0 BT & 510 G 2 91 122 v 2, R R B 2
AR B AR U . ARMEER 7 35, U0 UE B SR B M . 0D R R T LR (¥ 22 A A, S5 A TR s T AR
AR, SEI RIS F 5 3 T 0L P I e A%

(4) FREVT A 5 K ANIE ARSI 70 MBS — G S8 MRS 2 4R VP AR AE 2L, 2 7 B RIFE RUE
PRAE A TR I, DA SZHEAS RV 045 V2 1 XA 28 e 5 50AIE . (RIS, 368 3o 30 S 4 S 06008 B 25 3 B A IR A S (8 AT
K, PR T2 sl DA AR PS5 AR A B XU 1) RSk SRS, 483 7ok P43 A MR A A 359 1 IR P A AT L.
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(5) E B SR MHEZ (R 2 - T R AT HE PR I AH LI 2 DR FE HEZEWE 7T, WA ) S i A v I ST AR s
SERANONAS AR BB THHE U, B DR AR (0 K -5 NSO B 22 4 U sk AR — B

JEEARR, I UE LR B2 5 BORAERE, AHLILZS R GOR e 2 N — DM RERLAR . &R A AR fE
I, HES AL R S BR800 B AR & s AR R 22, e i, HARR AL 3L
[l
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