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of port-specific autonomous driving data and improve algorithm generalization while reducing development costs and

time, this paper proposes a simulation environment for port autonomous driving called DK-Port. Leveraging embodied in-

telligence principles, DK-Port provides a realistic and controllable environment for vehicle interactions. This paper incor-

porates survey-based expert input, employing zero-shot prompting and chain-of-thought reasoning techniques to enable

large language models to assist in designing reward functions efficiently. Then, human-machine mixed-traffic scenarios

are constructed using complex road data, and adversarial driver models are trained with the PPO reinforcement learning

algorithm to identify safety vulnerabilities in autonomous driving systems. Comparative experiments in four typical sce-

narios, including straight roads and intersections, demonstrate that DK-Port generates diverse adversarial driving behaviors

aligned with real port characteristics, such as dangerous overtaking and abrupt lane cutting. Under the premise of ensuring

a reasonable distribution of key metrics, the number of lane changes in the straight road scenario is 2.9 times that of the

baseline method, and the emergency braking rate in the intersection scenario is increased by 46.7%.

Key words: ports autonomous driving, simulation environment construction, large language model, reinforcement learning,

adversarial scenario generation

0 35

O T G I 80% i Mgk, HizE
MR E R B 5. BRI G R i
B, HRAERRET G SR, 2R
PRV AN T B SR IR R 120, A R B0 5 R
S5 4~8 h, UE RS TR S IEAGEAT . R
PIX— e, E S EGE ORI AR
WP EEEHT R, Al s, #o
(RIIE T A B IEK 55%, 188 MEIRTE35%, &
B O Y, [ 1990 kS, HE A E)
W e I S AR BN, )R iZ 6
JE B H A IS EAURD . TR, BEE ST
TREBEHEARMPSE LR, AzhZEWiams B
1 7 i R DR B R 40, s ] T BRI 2 5t
WOz e,

FR A T G838 T B v o T ¢ 1) 1 3 2 g 5
WL R RR IR B ok T R AR BE. HOR
AR IAEE, B R IR S, FEOIZ
Hypw Em = . I s R 50 . 2 BT A
ASIEHN 55 A @ SR E R, AR A
RN L BN H TS g5, MR A Bh
25 T Bt i DAk B4 B3 B T i e AR,
X IR S E0UE O A3 BB B AT EARE T

BT IREMHB) TR, EREEMBHE T
i, w7 B SR ARER DK ZMN
FU, B ab B ARG R B AR,
TR RS RAER, AaegZ 00 LT
H AN E AT R I, Bl H SRR S N T 55
LRPRAT B St E e AR SEBRERAE T, o
VFR, AT IMPUsHiE S 5e sk, ANFRE5E 0
R TORASTE . AW BB A A AT 45
BEEBAT Ny, B R AT AR A R ST A
BRI E i DR 2 G G A P kA E
EARAL . H 302 R O (1) 5L bR R I A T il
W, R AT S AN B, S B DA B T
Z BB B R TR AT B, s
T AR ARIIRTE SRR,
N T ATHRERS DS T B3 3 S EE R 7 A
PEFI AT SEME, AR A BEAE B R ANLIRAT 25
SRR, ASCiEY T D (data-driven) K
(knowledge-driven) -Port s 11 4 2l 25 B 4/ HLIA IR
M RRANIGUE T . ZINEZ A S e kit & s
K, A& ELT R AL T ECPR R AT S i R e
THM SRR, 7S5 N E BRI
RE YT . DK-Portilid RiE. 24 HiE H 1
IR Y, AT AAUHES N AL AE BLAT
9, BAEMEES O B AMEIERE, B RCHT I AP AT

1 #EOSMEEE S AT R E



+ 100 * ekl 51

AR 7%

RPN, X TR R B AN 2 B v B
1 7717, DK-Port 4 & & 5 206 F1 A 2% 1 1%
ITIEEHE, R OOE 5 R AR R AL 2 S R R
I 1 B0 S i R A AL STR AT B8 UEAS 7853 1Y
PR, ok, RIRIRME IR (B 20090 E
FRF RS WEBARRBGAE RS, WEBD
TERAT R LR, JF4E & UG R AU R BERR
R 5 A8 0 1 38 4 HE B0 RIAE Ly R g 0P,
BT 22 il R B A B LA L Port-Bot VA 44 0] & N 2%
AT H 558 30 FH R85 A 2R A s 1 AU i Y B i
77 HIR, 1E Port-Bot M 45 1) A 25 (AL Rl 1, it —
A ¥ 8 A O R 0 ARG R T RS B B A R
fig 3P, 5| 5 Port-Bot 5% i B AL 2 =1 2 Jih ik B (1
Wt RN B 5 B 2 e AR R B A1 £
FERf. ), AT SR B A ARG K U
FAARI R 24, 454 NGSIMP 1 INTERACTION™
PR AT EARE R IR T g5, BT
42 Jily bR BRI 54K 27 =) BEVERT N Ziont 8 5 Bk A
R, 58 AR BLIE IS S 145 4 Fpis 1 Sl 7 37 =
RO 2 AT T B BE R R IR . SRR R
i, DK-Port g4 Al 57 & 95 1 SEBRpEPE 1 2 Fh 2 A
PIXTPUE AT N, R, B2 VI, 55
HAZIE 5 . FEPRIE B IR PR 70 M & BB LU T,
BB 5T AR TE IREOR EEUE 5 2.9 5, X
% O HE 2B R 5E T T 46.7%, AW HBIZE B
BRI BAE SRR T BRI T . A E
FLOTRRAN T

(D g T 456 5dm 305 F1iR 3K 1) DK-Port
OSSR ESE . Z R 2R HIEE N
PO AR, AL O ANLRITE BTN,
fif R 1 HE 1 1 2 2 e A ) R s = R AR o 1
)@, RESET T EIAEE B RS M A S 1

(2) FFR T 2k £ s TAE i Port-Bot, 3
o1 A GO RRARBIAT N AR AR /. 1E DK-Port i
FIABE BARSCHL b, R RS & AR Ak 2 )
iR, Port-Bot 7 4t 11 B HE A8 Bois 1 R AT N
FROE, Wit TGN OB RIS ik £, $e7 17100
FIRSE S I R BE R IAT N 2 FEVEAE A% .

(3) SEIGIGAUE T DK-Port 7 SZ PR [R5 i
AR . DL ST A R AR Sk N R A
DK-Port &% A& Bl 2 P04 & #5 1 SE bR 0T A,
WERT T BB M EVENEAERCR, NI HE)
IR T R R R T &

SRR BB 1T T ORI B R
(1122 Jh BR HUAE BT AU Port-Bot: 35 2 1 PFIR KiEH
AN SR A2 1 SRl R B 5 S S Y s 5371
I BT R AR TE AT BRI ) 5 Ak 7 S SR SR
FES 5 HA B Nt 7% 50 4 1T REAT SR8/ 2
HER N HS RS, HFREAKRIIE.

1 ETEBEAKESHRENELEIZRE
gt

RS 1 5 2 VAT 25 OIS 1Y) G B AE T e 7 i
IRk 2 SN B A N B AR, DASEER
B 0 W 2R A R B R A ELE R . 2R
E(EA S VI LAY oE = R ek U (I PSS N B DU 4
Jah B A 5 (0 7 SR 2 AT AT IR, AT 2T N
AW R I GRCR, SEBUBE R YIZR R H br .
e L B B 2 R . — R T
LR, R T RO HE B g,
H T AR ORI EREZAE, X7 5 72
FENKE N T FARS [B] R AW R 2 2 ki E . 73—
FREE T Al i A 2 2, B AOS  E SR oK il S 4L
A AR (10 22 il R s B AR b 3k v 2D
T XA, (H X EE SR AR R 1 T e
T B s (i 1 s 1 BRI op () B N

AFETF B2 Fosik, EAKE S A 2B
Iz PIEREE IR RN, TR B R A0 AR 4R
(PIARHS, DRI 3 T K0 5 A Y R s A 27 =) 22 Jh o
W NEIE R Z B E 2 K0 . SR, XMk
FAAE—SEAN R RIE S A BN ANR 2 ABAE Tl
ST RS, T EE 2R A R R IE AR,
X BN RS BT AR s 78 ) 5 22 il R £ )
MR S RKIESEMNAZERERE R, K55 KE
e )50, SEGE AR KEARE R, AN,
TR AR N, B B R G R IR B
T8 N BB JJAM AR T AR (B A ], Ok T B
I RFEA B SEI R S KSR

7 EiR - Hri Rl B, SR T 0 2 R
Jih 6% % 4E B T A 3 Port-Bot.  Port-Bot ¥4 il 25 ] %
ZERMNE FMA R AIERFIN, FIHRRERM
TP RE R AR SRR T K 55 A B0 s 1 A0k e iRy
fR SRR /1, DE—Dy RAEER. XL
AL T 2 R BT S R, IR T T
B, AT SRR T 1) 52 2% 11 45 PR 1 30 2 3 3
BRI -



E g L AW DK-Port: T RAK 5 BI04 2 19 1 325 7 SOR SR 2 5 00k - 101 -

|

4TS

AT
Ay
pHES eSS _=
AR 1
o BT HL
Poot
B2 320l R 20 A i T A Port-Bot

TR 2
H

1.1 EEZERITAFOCIREHER C) & B

HEMBEIERM NS AR, T G5
AT AL ERHER K EE ., ST RIBSHAEL
bR T R PR DA AR B =, i )
PRV T ZE A BN DRSO 2 1045, AUSCEE S
P52 B AT R o r) 3 B TR Rk T
YA M, IR R T S 2 R L
FCo AEUETE SR — I [A) S0E Ik 45 /0 14 1) RS A PE
TEXT RIREIE . MBI LU Z.

PRAEETE A BLEERAT N CanfidE .
FHO. SENEHEWMMED HEE, HBESE
WORAT ) DA KO A 380 2505 (1) R AR S I 558 1) R, 1)
PR ) OV R A 2% 21 22 il ek b 7R B 10
AT AN

FIZA% e R R A R (Likert
scale) ™, ftn “MREA” IR CHIT “4
W, IR 2T A TR B R R RN A A S A
I8
1.2 EIEEEVRS5EE

I, YD T O A ET LA 2 AT
Uf, BAREI A& R AN H. A
1M, AR A 2 D7 VR0 SR I R R kG 1T, DAL
ZOTESRE IR A D . N T FEE RN
fRix iR A gh IR, ARG ik s U K TS
Bth e fses, (HEREEERR, ARF) 2R
o S, ASCE I Port-Bot TAEFUKE7E il
LRGSR 5 DLOKAE 5 B AR SR e s BT &
M, DUERERNERPINE . B S =
wr.

i F RN ATEEY B . 1E Port-Bot
TAEGAF, REZFUREREARY RIAAGL R, @
REER X BT KRN ], AT R S R
KRS BERPE S, A ERE S ik
BRI N2 . L7V i 5 K18 5 A 2 R0 B 4T
TRERE, TR EERRR AR R e, (R
Tl ZH0 A H R R 22 BAN, PR A = A 4] ok

R RIS o

SN FI R SRR 1] . R
NN, RS TEIRRE R R . Blin, AEfE
F %% (chain-of-thought, CoT) "M AR, i
I fEi R FE4 (40 “let’s think step by step” ) JH5HAHR
BRI HHEPRE 1. AL, R T “REEIY Y
M, 513 KIE S BRI BARRE] (nfE Sl
NN “vivid examples or anecdotes” ), i {5
FEIA {5 B AR E AT Q& 4 R A4 T Ak 23 At
AN AR L. R, “4iRE” M
WA N T4 B SIS E R A AN (andE 4
HN “pay close attention to detail in your descrip-
tions” ), (EARAUHHE B 2 OC T N RE B HAT N
BEAFIAZ EL AT, 3 5 22 il R BT 0 AT
S HRE T
1.3 E[ERE & KRR T

7E EIRE BEA B, KBS O &4
Jh R E T B R, AT DLdE I B AR 1A 5]
RS A R LA 1 22 Jh o 8RSV RS . SR, T A
SR IR E 2 R B R . DXk E S
BINE BV FEE = . Bl At EAE
A RN R Bk AT AR, DLSER S B3
BRI B G 1X 55 AL B S B AL
SRS O B AT AR AR5t Xl . BB
A FEOKTE SR A5 BIRVE, R thisih /N
CVSBAT NI ARSI HUERE, NS 13t B xR,
@il B K3 B B A AR RS 5 ARG A B AT e,
A IR ) B B30 6 bR R 5 AL I 5 5E
Brid R, HEMASSESREREE. kA, H
T AR & B BT 0 5 FARAD e, % B 2 25 Blox
Prill 2555w S IE B R 085S, Rl e e
- AN ILAE S ) BRI B A 2 H
N T fRRIX LG ] @, A ST Port-Bot TAE AR

KECA T KRB IR

il F AR R 34T B 3B CoT 4875 .
PV RTE S A R B R A0, Sk fig e i)
R IR CoT @ 4Rk B2, DU s i o 25 1 =F
B RN, WIEE N E R IR AR, s A
VR 2 2 BN, X Ry 12 T A R £ 4R i
R AT R BENRE ISR, 2R 5R
FIE N A RIE IR, & RV R W gk AT
HIMEIE, R

I 5INE N LS & . Kif



<102 - ekl 51

AR 7%

BRI R R BT A, R AIREE
CL AR Ml AR S 22 B0 0f AR A L R AT P A AL
o LA LR H RIE R LB iR, IR ALRAR
S UATE PR AT R R B . el 12 88 I
Bia, e A & RN a8, iR
SR AN AR R S

2 RpERHEES5RAFLI

55 1T TEEER DT 1 aner R A G A OR R 1 Y
RZRE FIRFIHE I RE )R D B R 15 B AE . 7
Port-Bot TAER T, 5 F K RBEAT 55 2 1 7€ fr If
1 & 5 N B S0 o] 5 1 22 Jily bR K 1) g 2 ARG S
o ST, RIEF AL DHCr Rk 0
T 5 AR TR X S 22 el oR B B A R, X2 A
BRI SEELAT #8 BT P & 0 22 S T A
FHMmIDET IR L0 LALUORE 5 A oy
BT, TERIRE PR 5l R R T 1 M P M v A
PEREIRS, WARR T A SRS, LR
K PELH A 2R B A F ARSI 0 kA, AT
AERI SR DU B U AY, ARSCRH T ETENIR
X 53 AT ZRIN T 2, XM 7 V% e B S
B VIR EE RO [R) 22 3@ 3 5t RN A8 LR R
T 28 B 0 IR I 725 P 5 o 1) 2% B Bl i
2.1 EHEGSETHEMIRBZITSES
2101 KGEZAHA A T o) A &SRkt

R D HIE s, N T S L AR R
ARG EA AT G, A H Bh 2
B IR AL T S RIS, Port-Bot ALA R 44
77 THBEAT il B R Bt

B 2R i R e 22N B AR AR AT M it
PEERAE, WRARVIANBEER &, DO E 2025 5
TEIAE AL B AT I PR B R AR N 1 B

AR A R e ST E 7
ASHIIIAT J9,  LLINAA B 50725 B 25 37 HLAth 1 %
55 Z AN D] TAT ARG AEAT NI e

MBS R, B R AT
RIS SR By K S S P S S P R
Gt RRARAER SV fE

S PEBN SN R ooq: SR T2 5 S s Ak
MR, DS N S22 0 01 (1) S 4 1 2
TN

B ELIE SR Ry
R raight = O R o T @0, R +osR y+o,R (1D

disruption speed

Ht, MEo,. 0)v oMo, HRPHEA RSB
XHUAT N, SIREEMAT R ERA I 5 b B AR X B 2
PE, BT A B ST St b ) S s S A
212 AT ERGRGAEG T LRI ES

(1) BUb 2R

fEEE s, “RIVINT AT N2 — K
AR B s, D AT B v R et
ARSIt (2) fiR.

_ |xadv “Xego ™ dsafel

_ b/adv 7ynpc‘
A Wlane
e - +e (2

R 1

attack — 2

Forf, xgen Xogo 70 2RI 00 H0 4 AN AU 4 OO 412
B o B FLZE PR,y TR RIS
EWIPADR,  d o T Wy, 73 0 TR 22 A BE B M 42 TE
TEFE

ZRB BT S U VN R R k. — 2
FPGIAXMBE (adv) SHEXMNHTE (npe),
PLER “RBVINT AT N BXPUERIGEE /T
PRI 028 SR R BRI IR 220, X TR SRR

D adv =V pel

PINMMFEFEEE, @ide "™ #Hiftadv
npe R REHIAL T-[F— 2208, MUK BRI “ TEIRAE
N7 AT ZRA T LR “RBFEN” 1T H
ady = ego = Dsarel

E RN, Hide S LA
EE DR MR/ L AR, AR IEAN AT
TR, PREFIRAA Rk, =R 64
PR BCR R 2 R K, R AR RE F IR BIAE (0,1 IX
P, 2T & ST e, RIS AN & 5%
PERIAT % T BN 2R R B TC 2 i)

(2) RS 55 R,

FEEIEY ST, “CRRANE” &R Y
A XREAT Y, R AT KR 2 5 & it Bk
LI (3D iR
R same lane T Rire, LanelD,, =LanelD, o0
R e tane: Hts
Hr, LanelD,,, LanelD,,, 73 7 fGF Xt BT 4% Al 4
WZEFTAERZETEI T+ R e jane 1= X HLE5 B
TR F A — F 8 I SR i, #E N 0.1. TTC
PR TE A ORSF 2 B0 B 5 1) 5 0 B 5 7 A R T 7
FIIIA], Rppe N TTC WIfE EULE &, W RoR A

TTC

Rupe=e "o, FLoR, TTC, R4 b7 5 1 3 B AS

Rrisk= (3)




E g L AW DK-Port: T RAK 5 BI04 2 19 1 325 7 SOR SR 2 5 00k - 103 -

M CHIBGERIID B

B B BB T 2 ORI Rype 4/
O TTC 742030, LA 3 25 e P 25 R
58 34 A A 2 4 0 7 0 oK B B
J1: @A HOK R SR T AR [ —
P SR CRIARIE AT ELATE, e
G AR A LR, MUV
RS 5

(3) FHRAEII Repion

HAR UM A, A S T R
2 53T RS TRASBITA . MR %
IR . DY TTC, HIRHH A2 RAT A
B, TR A5 1 5 57l 1) S 7 A T
BRige S @ERRISZ SRS, AT b
MRG0 A, I T e IR R, i
L SRR FARAT AR st

) BRI R, g

R0 A T i 5 T 2
Ry HOBETH S, 0 LA o6 S B (4)
FiR -

B gy~ Xnpe ™ Vi

B D ay ’ynpc‘
e Vdir +e Wiane (4)

1

R speed = 5

H, v B PEFMD RSP ER ERZE . %
WA R A [ — R0 4 fr— e s 2=, M
TR ST ZE 3t N 7y, 25 50 HAE AR 2 B R
Bt Re A .
22 RNEOGRTHEMIBEITSES
221 KEZAA A Zah5k 0 LR HER T
X% S HiE S S B EAEL, A
7] SUPE T 1 3 st AN P R B () s, B4Rz
()X T AL ERAT B8 I BRAL I P RS o« A8 X% 55t T
R eR %L R, iersection A
=w,R +@, Ry T O3 R +w 4R
(5
HAH Ry cgotiation 2N ERBIE 5 22 il ARJADXS PLAEAE
P I8 IR AT kAt o B OGS, AT
T I B I PR AR ) 2 R S22 4 B o
222 ATFTHERZEGHE T GF LIRS
(1) BRI 20D R giion
RN B O, “BIOAT” T2 —2%
PO SR R R AR i, R A 2 ) R S S B An
X (6) fim.

intersection negotiation disruption

e_‘tego_tadv} [ o>t
R ° ego adv (6)

] Cppe el tego <lagy
o, 1, A2, TR 2R AR 70 22 50 1) 3 S B A
(BT, DGHE RTAT B FUARTR & L4 . IZ L
(RIBETH R A SRR BT R S 5 OB A, AT
E R A2 0 i 75 R 3% R R 2 LB X

(2) BEt I R e

MR 2 R R, PTRE SR BE s X
— B ARSI H bR, R AR R B s B s (D)
IR o

R . ((1 = e’m“‘“g“*”"d“’o’) + e") @)

attack — E

FAt, v g Mg, 73 TR 7S D A B4 (5
d g, BRI PR 5 R RUNBE B . BRI Bt A
B AF . D5 B b7 B ] _E29AHIL, kA
2 R L LA 5 O @B B S
BRI ROGRZ 2, I EXMLE X ZAT,
TG A3 R R o PRI T DA 0 e 75 S0
AT -
(3) TIRAZIELLIIN R giupion
SR R R S IINE i PP =0 R Gy E 2
T A AR R SR R B, LA P DA TR
i FIE B )35 3
(4 WS 5 R
FEAS S 7 5, “Rids” R — K E
(AT g, ATHE AR A R 2 5 2 il B 1R
fii, RSB (&) Fin.
|-, i
risk 07 /ﬂ\:/ﬂﬁ
BRI BB Ry 25 IR B T 5T R
F) 2 B 50T, S L 22 A B R A
GeBIRERE, DT LR X R A AT
HEBEAS HUI K E ARE

3 ETEXERTHEENREFESIER
WNERIE

PR TE FEAT BB A 5 A 2 ) 2 Tk R )
IR, AREE AT 2 M ek 1 s R e ) 477 A
855, ShAHHE O R AR A Tk
MR, 58 Db th B B BHIE . 3%
HEEA R R RIS, A SOR RS B 2% 50 e

(8



- 104 - BHERF ST

AR 7%

£ NGSIM H INTERACTION 3 /5 b i 11 8358 #2 4
SRR, SBT3 . BT
PiEIAEE . R BAHR AL R AR, SRk )5
FEINGRFE, WK 3 s,
3.1 BUFEIPHIREEME SN EMLE
E DK-Port [ TH AT, A ST 1 1 vty 52 s A AL,
(proximal policy optimization, PPO) P45y .
PRSCHL, PPO W 4% i 1 75 H A5 & # b 51\ CLIP B
Hr) 77 =k PR e 45 A BEBTIR B, AT RUPRIE X 2%
R AR B A4, IS T B 3 g St
E BBy AfE
PPO WJ%I%@/E"?%E@W%n(,(at|st)5ﬁ]15l\ﬁw
LV, (s,), SRME LSRR FOR BRI IR S5 R s,
A H I BIAE @, U E W28 57 PP SRS 0 248 A2 ik
SRR (IR IR S 5T, BT SRS I 28 A A i
PPO W45 [f) R f H A sk B =t (9 iR
L6, =B, [L™" @)—c, L™ (§)+c,S[m,1(s))(9)
b, S[m, 1(s,)FRPIL G, TSRS SIS W 45 77
AT AT 7 AR, B L0 SRS [N SR 3B e R 5
o\ Fle, NS5 L @) RILYT (9) 530 R S
2R AOME I 28 1) H AR ek 2L
L (0)=E, [min(r, (0)4,, CLIP(r,(0), 1 —&, 1 +£)4,)]
(10>
LY @=E [0, (s, )-V," T (an
Horf, A NPATIT N o BIAWAT AR A, @)
BRI R RATAT N o, IHER 5 1H 5EE (MR R 2
WR 7, (0)>1, WIE R BT R0 L 0 S ng 545 n] jE
PATAT Noa,; ERBE M B AR, FIH
CLIP(r,(0), 1 —¢&, 1 + &) F HIRE S Hl e R IR 7, (0) (1178
B, Of foc 28 42 il SRS BT IO IR 5, SR r, () B M
KANXE], Bt B X AR b, e
B0.180.2; EA/NLEEHE ML HEMN T,
V,y(s,) RIS BT PF AR s, A, v, 9tk

AR Rl AR I B

R4 7 m R

RES Il 2 15t

T2 SEBRAL I HE R R T AR AE, OB Y 2 i [
I =38 W Z PR RAE AT N E VA TR R, T
S LT R TR DX 2 SR S T
3.2 (HEREMMASHE

7 FUA TS A2 B A 25 T X 28 SR ENAT A I At ) R
R, AR E H AR R, AN EE S
SHFTRN. B, EEBENDIRERIf BB
A THI VR G RACR, T THI [n) F% D Re R4l BB R v
HpENE . i BRI A S, vTe
AR PP AR PR AR, AR SO I E N AN Y
W

N BR8N ELFE R )
SEE AR AT T, X AT N AT RO A B
() 22 Jih bR ECR a8 o« 9 T ORE BT IS T 3R 55 1) F
P, DK-Port I 5 7% B Al H s AL AN S
W, ZH5YEMREAGESHIEE. B2 0
TR B BTN, A = B A dn e
RARAS AR N A T B EF, DA R R 25
(1403 I RS JEE

e ZE ISRt FE R, SE B A 2
58 ZE A BN Bt 22 4 DA Je HoAth 22 i 2 5 3 3L (R 2H R
T RS R AL H, S 5E AT R E
FE I, P 5L H KA IDMPAT MOBIL
BRI W BAT AR EAT N, LU TR
FERARA IR 50 B 224047 B ASEADL o 3d ik ek A i
FEAE B 20 B FI S DA B AE A UL IC , AR SC6F IDM
AIMOBIL #28 [ B S 54T 1 A%, s EAT
ATHO B bR B . AR ORI A R
TR, DA % 11 /0N o ook 5 44 2 A A Kl 3 4
TEL R B 1R AE SEERE  JeoR

i (7 BB R 32 B RS A 2L
R H DR T 5 H bw, nTIEBEA RN E S
o DR RLPPIR (S B 22 abn o a5
THHI2E Rl R R SEE, 1 Z R AL REA W s s 1y

T ELIR B

K3 sl ) Sk g



E g K it DK-Port: T OKIE 5 R ATGR (027 2] B9 1 9 30 5 B A Bkt 5 50E - 105 -

PE, B DR M BARAT U B B2 R A ROt S [RIARX
— I REA SRR E T B BRI

4 SEWRERSH

4.1 FEEEERSTERXESRERERIARG
4.1.1  FESH

ARSI I 0T B R 1 2 DA PR S 3R AT 1) 2
7, TRV RS BT ARSE, DEEANT
el XSS Pt et e o S e B = R S
Ao BRFINLIAT AR, AT R SEAE B
Yist, $emli RS E RN .

B4 JE R T KR e AU 28 B AT Ay 1) 1) 45 1
SER, IHCA T ENEEEET KIS B30
WA GINME L. S5RER, REWE DN b
T2 A, SRR A ZE AT AT SR A LE
DR AR A R B v A I N — & S AT AT DL
FLSERE ORI . B [ B2 B 5] AR
ARV, BBV EBERS N RSB UG T 5
R R, NRELGATREH & 3 R &5 AL ik H
HEGER, MAL, BB SR EEAERE DA T
R, XFAFLIEAT A REidt— D A 32
QRIS AT R, AT BN TR A

80%
70% |
60% -
50% |

B 400

-

30% |
20%

10%

0

i ot/ %
B4 B BT A

BRI iRy es

RGeS 2 B A BRI 4 B
Bt TP SR RN TR EAT/F
T AT MBI B8 7 45 g R ) o R Bt 2 B AT
GBS P o AR PN IR Bl od I R AT O
PRI, AR E B85 T X AT AT AR AE . 17
e FIHLAERI A TR R Al e LR Q. BRI
A B A T BRI B I 8] 5 £ R U1 A2 T B
SEOLT, SR/ RIRINE . T AT /5 4847

FAT NS I o ASCHE BT 2l o A R i)
& T IRAT XS LIS 5 W SLBRES R o

70%

— YOREA e A e 2 v
60% -

50% -

40%
=]

30% -

20%

10%

0

s MBS S AT gt

412 KiFZT AR X 4R T

FIWHART HERESHEENZ BT, A9
X SR NIRRT R, R A 3 AN

(1D REERBT, TRHABFART

PR IA R EEAE LU AE: RIERE O A AT
NI ) 45 AR BRVEIRUAR AL E S 34T N 1)
BARGIT, FAlRENERRES AN TERREZ
A Hos IR ANZI I AC LG0T, RIAT A 2=
Wy AT RS ERLESINL, W3R XU
UF RO AR I& B BTAE 5 s i i B AR 7B
AN [ 25 B XU o 3 11 A 3B B A IR, R Sl AR AE %2
AR AR 7 TH )R I

(2) MBS 3R RSN A

Peni b FEAAE DUR A 1 Se A ) R
fE5%, B PRXT v I B AR TS T s R WA A ok i)
DR, FEARERE— 5 [ B R LSt i v 1m) A3t
Tk EPATE DR, VRO SRS, R
Bk RSB R PRI T M A T AR
TR, WA E RN A8 e R T T H
BRI, AT BRI R FABIOEE A, R
B2 56 DA FAE AR ) 8 () S 77

(3) BE NIRRT Rl iR B 2 d

PN IA EEAE LN AR SAIR iRt
PAE BRI, e 07 BB o0 B 2 e |
SRV R, IX LS A2 J5) oR HOR T I 25 B B2 g
RE. KRRy N2 TR EY R, —



- 106 * BRERL Y 51

AR 7%

FHTHE = MR BLEFE AR,
TEBH E VAR . AR N — R HUE 4T
Bl A G ) 2 A KB =

AR 138 OKAE 5 8 Pl GPT-4 turbo N
T, ST R TR
FEE e SOy, L SRS B AN A B A T AR X T
e, Bk, AT A R SR B A
FERE, Jaskn L Bt & HAh Ly T SR
BB, Wsth—5 . BARER, sl
BB (4 ol-mini ol-preview) #E4T B & 56
E, IXFERRA RS AT DR R SR BRI PR,
LR IE B S B RFE  R R
42 EFTBHELES S

A A T HR A T ARG K R A 1 B L
EKFE A, WINGSIM. INTERACTION 544542 ,
TEYIHE IR T ZEAE I B TR B0 AT . B4R
WA BRI B SR . B A 2R L R 2 R
HAEMUR RE i, 5 AR TRAL EE s B0 2047 4%
3, UMEE SRR . A AL G T e
B P (M5 05, HDBSCAND G 57 F R T %%
FEAG T, A8 E S SR S 5 1 5 R
T SR . Bk, AR H HDBSCAN
R IHT SR RS, A A B35 58 )
PR

(1) NGSIM #5375 50 K i

NGSIM %4 £ 24t 7 US-101 il A B B 2%

AT Nidsk, AR FEERIE SR EM K NAT NG
o HYG, I IR EAE ID A, YIE R
T ASTEAT . T B e BRI MR T, K
BN ID PR B, XEFHEIEZ HE
WK R fEETEZE BAT IS S R)E, EREPIL
(I OCBRRHIE SR O T, R o s . 24T Bk
KA AT, LLRARE AT IS R 43k 5 1A
AP H], 20 4ERE R IR = 5. &, A
HDBSCAN R E AN X SORFAE AT T2, b
PN 2R R A AR 5. e () AT
NGSIM Hif & W AR TE 37 5 1) 50 AT

(2) INTERACTION #4547 5 528 0 Hr

INTERACTION ##i8 £ % 2 G748 X% 11 424
ITRARIZE, W T 28 BRGNS
56, AT T A 21 DA R R SR AN ELRI
BAE. B, MEIREIREUITA 7R LR AE HL
(I, B T AR IR P 52 et AR T il i o
[#] (potential encounter time, PET) KM 7l & 5%
LHAT W, Ra, R FPUE R RS 4
1R A, YRR UG RA A 5 b RR T f 2 (R
e f RN X 5y R EAT . A 3K 5.
K6 (b) JE7~ T INTERACTION %4 £ 3 258K [
RHBRMAAG. &G, =T LR3I, Rk
TG SRR S TI5A R F UL 5y B
(R 5 6] #A R AE, A A HDBSCAN 3R 2K 75 106 28 X
OSSR SFN “EEEATEREET “EEL

90%

80%

70% [

60% -

50% [

M

40%
30%

20%

10% F I
| §

90% 90%
80% - 80% -
70% | 70%
60% [ 60% -
0% 50%F
gl 40%
30% [ 30%
20% | 20%
10 10% F

A s =

(a) NGSIMIFZER K oA

etk itk
(b) INTERACTIONSZ 528 3|} 43 A

INTERACTION NGSIM
(¢) BAYrsindi

Ko AR Ko



E g L AW DK-Port: T RAK 5 BI04 2 19 1 325 7 SOR SR 2 5 00k - 107 -

O REEAATT M “EEARSEREET
IRWMAT B . A, EAEREEERN, KIL
P £ HP A AE — SR IR SEBRIE B 7 ) 5 50 i %
IR A —BUIL S, I AT BEA7E EH 1 3R 5L
SENERI I, AR OR AT e, R R
L7IB0) 8

(3) REZFHEHT

NTEEHERINLS 5, ALETEWHID 2
B RAAR S BT 50 moJe 75 A7 76 4240 DL S BI0ZE R
SRR K254 S RFAE, M INTERACTION A1 NGSIM
B P PRI T 770 26815 030 L R AR HE, H Lk
FUE6 (¢) Fiws

ASLIHIREL 687 MAFIE ) 5. 5 689 MK 15
Bl 5 800 MR G g 55, n b AL g (it 5
B 2 25 A 4R, R B Y 2 o) T OE B 2 g
171,
43 RENZGSEIE
431 EHERE

FEFREE IS g R JR, B CER[26]
X IDM 5 MOBIL #8433 47 250k 1E,  BLZE SUMO
17 B A OB ) AS @A IR, AT XSt
25 R I kN HLIR AT A8 H RS HL B it Sk ki
L8 A1 3735t IDM 5 MOBIL 2 $0br 52 45 R
R 1R, Hrp, FEZHALIARE R IDM 5 MOBIL
PR S HONFERE, B R IGE R . AR A
BANIEEWM R E S8, e h — Aol A
AT A 0T 2 8, T 5 DK-Port V5 AT
P

F1 HBHIEFMEOHEIDM 5 MOBIL {EE £

RELER
N - ,4,
F bR3E A (mes ) 15.0 9.0 15.0
A /s 1.0 1.0 0.5
IDM  FKHI# R (ms %) 3.0 3.0 5.0
EFREREE (s %) 35 35 5.0
LA /m 2.0 1.0 1.0
BN/ (ms D) 0.2 0.2 0.1
MOBIL kil Eh/(m:s %) 2.0 2.0 5.0
LB R 0.2 0.2 0.1

TR SRR a2 01, EFEPA R EAR
2 1 1 B X 45 ) of S R s T TE IR, B 7 B
e BT (a) 2T TS BA AR A AY SLN AT

B, ATV KR oK AR AR h ks, ik
TR SRR SRR L 2R —, R KIS
TRcEE . 7 (b BIR 70 RH SUMO i 45
. B7 (¢) /& CARLA JFE H 2h 25 B )j H 2% 1)
TOWNOS H: ¥l . TOWNOS i & 15,4 £ /> AR 37 4%
O, HIBLALKE 020 L, XU E 50N
SERARRG KL B B I AR G . fESLRd R,
AT LA7E 4> FIFH CARLA HIBh A48 A . KRS80
TRLADL DA B A T 58 5 af it AR, I /E TOWNOS
IR 2 A BRI XA, 3z 2k O
S KB IE T 5, ARG E VR F R
FH 5 T HERER I .

= :.-':~t~:.“'l"‘:‘ U
(¢) CARLA TOWNOS5H: &

(b) F BVEHIE S SRR L R P25
B7 BRI RS AR R R

XTSRS AT AL, ASCEA T SUMO 1.19.0
ENEEHEF G, BE TraCl 1.19.0 81, S2Hl
W} A 3 T A S I RS A AR, S5 B A il St
7E it % Intel i7-13700KF CPU. Nvidia 4070 GPU.
32 GB W47 12 GB RAFH B & EiE 73T
43.2 A%

BRI R E S HOR E R 2 . EXHL
BRI fErh, EP EIEY R 58O, Hia
NREFELNLENSE, O EMEAh L
SEMAE. EE. A EDEELGNRSGHE
B, eSS PR A s AT o B e AR
. R RARIE. . R, AR, AW
LA B350 BB SR A Zrad fE v
S AL S B U 2R B AR AL I B 8 T, 2 Mg
BITEUIZR MR 1 500 YR58 B R RS, B 7 I
G B E A B DL B S 4 Ok B
KA
433 AZA MK

N T BIE DK-Port J ik 1A S, X ELE A



- 108 - BRERRE SRR AR

BT

*2 BERNESHRE

B il
IR EL 1500
LK 1024

E Rk S 0.001

REE 0.8

ElE(IES 0.99
RRBARE 10

35, I FH 3R 28 B8 RN DK-Port X A5 B % 4
W55 AT 100 4 B SEES, PR TabR A
SPRARTE R B (RIS 5 LR i) A v
R DM IR ED o FERRREI IR, syl
GRZEAHAT AN AT LI A1k, A DU
ARG 2. L. . TTC MIPET %5401t 45
RAE NP AT o

(1) BRI

ERXTEES R, ARSCER T 2 R 5 E R
Wik e, WE9 R, Kb aaEmNg e,
3 i A5 7 1Y IDM AT MOBIL BB 45 1], A PR 4%
AR TR = WEEFANRE; ZEEN
B N 22 B (o P 4, ek 2 28 B R Bl DK-
Port A5 R 5 1 o 0 Bt 4 A g A 3 S HL Ik i N
R YAT Jy, AT F FE DK 2 AE P 5 45 i) 5 T
INLER

6, P 5 AR TE BRI FE 28 A5 Y
A1 DK-Port A4 2%,  H 4R 8 IDM A1 MOBIL 4 A
(PLURfRAR FARAE RS ) . JE2R A5 . DK-Port X A
R R st TIN5t T (735 A8 T8 B in 42 3
Fiine TE2FNAIg ser, JRERBITY (17 35 A8 18 IR
AL F AR I A iR, R T R A

1
0 250 500 750 1500
YRR B

(a) Bt

1000 1250

— 5 (R 2 3 47y, DK-Port X A AL 1) 7 #4%
TEIRESY ) e T LA AL ) 4 (50 1.81 %, EPFIE
G5 P O B 2.9 5, RIA T AT T
BRSO LN R B I O AT N, I E A
R A SR E L HAT N . Ao, 3ABAILE
DIN S PR R B OB B 5ol m, R
HATE R 3 e AT R T o W A, 5B & e
FTF

N T3P 56 AIF DK-Port {0, A4t
T AN 51 8 2 3 5T 3 5t IR 22 1
TTC. JEERMESE, wE 10 fME 1 FoR. @il
THEA A, fE2F 5T, ML, DK-
Port X HUAR B 5 R 25 772 £ 1K) TTC 43 A 7E [0, 511X
6] 1) 7 BG4 500K 4.41% 1 4.15%, T R 28 AU Ry
2.28% F11.56%; XF T hnig B2 3) 5 b, DK-Port 73
ik B 27.24% F1 41.79%, 0 2 TR B K
12.0% F19.56%. LA 4550 3K 8, DK-Port /£ 4E i fE
K7 i BA B E R

(2) HH3siR

H5HEY RN, ARCER T HATR LML
28 X 2 PSR g SR OB TR, 12 BT
RS SRR L RSP E 7R S N i Pl c oo s g R
FoRM PR A FNEERIGR AL E, @ I,
B OTRILE R 2 R O Bt

R EATR AN S22 i i, AN
J7 RN PET. 38055 Rt B2 ik 2 SR el 13
FE 14 B MO FE K FE 53 A v LG tH, DK-
Port {8 % {1 A I 22 7= A2 B 22 (e ) s AT M, 98
DT INEAT R KT 13 AN 14 5 o A g5 R AT
o[, fE2FhEE 355, DK-Port (11058 FE i

A

0 250 500 750 1000
R 1/
(b) Hiilps

1250 1500

K8 BRI ZRa AR i 3 22 AR 1



E g L AW DK-Port: T RAK 5 BI04 2 19 1 325 7 SOR SR 2 5 00k - 109 -

A
7

7
/
' @

g 8
‘ R
g

8

&
4 8

BEG R

g 8 xice

YIAY5
Ko HEiEMK7 5

®3 AEAFEBESIMUIAGR TH T

TERH
P8 ASTE AL
B 2 : (X
H AR A SLeg A DK-port
B 0.12 0.31 1.24
YIN = 0.72 0.73 1.32

B i ELak B 74.2% A1 85.1%, 11 3k £ A% 70 (1 i 3ok
H15h 5 EEAN 14.9% F151%,  FoilZh 5 E AR 8 T3
LRAERE B3R T T 46.7%, o B SR R R
. M4 PET 20 A il &1, DK-Port Al bt & 2R A5 74y
MR ZE 3ok T /D IV ERERERT (7], AT R 65 26 &
FEEA RS 575

(3) KEEAZ HIpHoRp

N T 3t — 0 R DK-Port {1 SE R B, 454

CARLA i E-F &, T TOWNOS H 4 % B 1)
KPR, mE1s s, EEAFERA
PO () 7 /A ) LT R 4 3 5 D S 14 32T
Bst. SHE (At sy GEe
F A PIRASFR S B 2 ATy, i eI 4= v
TEZ A, M S S BEE, 7507 53
e e AN URAT 2 34T R B, SEIL L SEHE T
Sl T8 B 47

i BTk, fEEIEY ST, DK-Port £ [~
PR G R B SE LR AL (1) 2.9 1%, R EHH BRI
BOE BT, ARG B A PR v
TR, BEHERRME. £ O,
DK-Port {3l i 2 9 i B2 1) 5l 5 EE iR & 1 46.7%,
FHD T IS AERERRIN (8], BEE A RICREADN =y AU 22 B
THEEE, G5 R RE ). X kg LR,
DK-Port MY G819 52 7+ 477 B 355 1) B s PR R
PSP, IR AT DL I AR R XK s 5 E Bl 2 gk
ARGV E TR 2 2

5 RESREE

3025 B RO AR 1 R R it T2
PEML B R ST AN 2 S PR PSR (L0 AT TS . A
MRRIE A, R TR O e xRS 3
SRA S IR TR K, JFIRYE I DR 13

05 07
G4 AR 06 L
HELLHR 04b '
e 00} DK-Port = L oSt
K Ro3f Kosl
5 i %
002 & 8 o,l
02} :
02
0.01F oil
’ 0.1
1 1 1 1 O 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
0 10 20 30 40 50 0o 2 4 8 10 12 14 3 2 -l 0 1 2 3
TTCls HE/ (mes™) P/ (m-s™)
10 HEGFMRAETTC, BRI 5 A
07F
0.05 | 93T
E%’;ﬁﬂ 030 - e
SELE AR i
0.04 DK-Port 025} 05
e £ €
Ro03} R 020 R O4F
& ®oas| 03
0.02F
010 02
001 F 005 |- 01
1 1 i L 0 1 1 i | 1 1 1 1 0 1 1 1 1 1 1
0 10 20 30 40 50 0o 2 4 8 10 12 14 =8 % 4 =2 0 2
TTC/s R/ (mes™) fnsEE/ (m-s™)

B DI SR ZE TTC T R i 43 A



* 110

g wrx g wrs
8 8wz 8 8w
8w 8 s
8 s Ot 8 roie i)
8 ]
® @ N @ ™ @ .
8 @\

.

Yise— (HATZEHE)

Y= ($5%H)

12 E R R

020 04 04k
SRR
FELEAAL
0.15 DK-Port 03F 03
& £ £
% 0.10 i 02 w02
0.05 | 0.1F 01}
0 1 1 & L 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 2 4 6 8 5 -4 -3 -2 -1 0 1 2 3
PET/s FEE/ (mes™) JEEE/ (m-s?)
B13 B AT B R4 PET 3 R & 43 A1
03sF
0.14 - -l
012 AR 030 )
FLLR A L
0.10 | DK-Port & 0251 450'20
K 0.08 - & 0201 KRoist
= N e
® .06 | OIS &
0.10 |-
0.04 | 0.10 |
0.02 | 0.05 F 0.05 -
0 1 1 L | 5 & L 0 1 1 1 1 1 0 1 1 1 1 1 1 1
0 10 20 30 40 50 0 2 4 6 8 3 2 - 0 1 2 3
PET/s #EE/ (ms™) fnsE g/ (mes™)

K14 RO HI SN PET . 8 A RUINE fE /) A6

FORE, Ak T R ST ) S I FE A S B
SEG B, DK-Port £ 8! ¥ X §T £ /£ TTC. PET.
T RE R 8 R 45 2 AR AR L IRAL G5V R T
PIXHPLR, Ree e BRI ERN ZakRE, A
A BRI SE AR E

TEAHF T A b, Rk TAE AT DU i S £
P 5 o MRy R R 4, R A0 1 SE R
AT OLI B AR AR PR TSR IR I, T A

YIZ5 S R0 USRS B 47 b S AS [ 3 11 R A 0
T LB sehh, T E Gy R 5V B35
Baa L, VA Al 0 2 % 2 AR KEIs T M8
(K% WERIULEBERZGEF), EATL
HhTE 2 MR P D TE B AN SR, AN ]
SN DT A S VANN K E0ida bl BN L ARV (b
HES RS, LASE S S s 11 A #E 22 BEAL 2 il I
AN IR IR B A5 4



3 L AW DK-Port: T RAK 5 BI04 2 19 1 325 7 SOR SR 2 5 00k - 111 -

15 CARLA TOWNOS5 AN [A]37 5 N DK-Port JeH A F.37 5t il

EEPEE

(1]

[2]

[3]

[4]

[3]

(6]

[7]

(8]

9]

[10]

The United Nations Conference on Trade and Development. Review of
maritime transport 2023[R]. 2023.

PR . 3R O A AR IS R R DUIR 5 5 0. o B 55 A T,
2024(30): 45-47.

CHENG G Z. Development status and trends of container transporta-
tion in China's ports[J]. China Shipping Gazette, 2024(30): 45-47.
MG, TRAEHE, PR, 55 . B AV B s AR I S B BoR
R, B B, 2021(1): 17-23.

LIU C M, ZHANG C J, CHEN W B, et al. Key technology develop-
ment trends of domestic coastal automated container terminal[J]. China
Ports, 2021(1): 17-23.

CHU F, GAILUS S, LIU L, et al. The future of automated ports[R].
2018.

RODRIGUE J P. The geography of transport systems[M]. New York:
Routledge, 2020.

DE LA PENA ZARZUELO I, FREIRE SOEANE M J, LOPEZ
BERMUDEZ B. Industry 4.0 in the port and maritime industry: a lit-
erature review[J]. Journal of Industrial Information Integration, 2020,
20:100173.

CHEN X Q, LIU S H, ZHAO J S, et al. Autonomous port management
based AGV path planning and optimization via an ensemble reinforce-
ment learning framework[J]. Ocean & Coastal Management, 2024,
251:107087.

LI X. Trends and prospects of port digital transformation[J]. Highlights
in Business, Economics and Management, 2024, 24: 227-233.

MRS . B O B0 B S A PR D). P ERE O, 2022(11):
1-5.

LIN W M. Trends and challenges of autonomous driving in China's
ports [J]. China Ports, 2022(11): 1-5.

8%, 77, Bt RS T R E R D @RIk S R ().
JKIiZ TFE, 2024(8): 224-228, 287.

WANGYY, XI F, TANG Y Q. Current situation and development trends

of smart port construction in China[J]. Port & Waterway Engineering,

2024(8): 224-228, 287.

[11] VAQUERO V, REPISO E, SANDELIU A, et al. Low cost, robust and
real time system for detecting and tracking moving objects to automate
cargo handling in port terminals[C]//Proceedings of Robot 2015: Sec-
ond Iberian Robotics Conference: Advances in Robotics. New York:
Springer International Publishing, 2016, 2: 491-502.

[12] CHEN X Q, WANG Z C, HUA Q Z, et al. Al-empowered speed extrac-
tion via port-like videos for vehicular trajectory analysis[J]. IEEE
Transactions on Intelligent Transportation Systems, 2023, 24(4): 4541-
4552.

[13] HU Y J, DONG L C, XU L. Multi-AGV dispatching and routing prob-
lem based on a three-stage decomposition method[J]. Mathematical
Biosciences and Engineering, 2020, 17(5): 5150-5172.

[14] HU H T, YANG X R, XIAO S C, et al. Anti-conflict AGV path plan-
ning in automated container terminals based on multi-agent reinforce-
ment learning[J]. International Journal of Production Research, 2023:
61: 65-80.

[15] QIN K, WANG B, ZHANG H, et al. Research on application and test-
ing of autonomous driving in ports[J]. SAE Technical Paper, 2020.

[16] KIM E, KIM Y, PARK J. The necessity of introducing autonomous
trucks in logistics 4.0[J]. Sustainability, 2022, 14(7): 3978.

[17] CHOTTANI A, HASTINGS G, MURNANE J, et al. Distraction or dis-
ruption? Autonomous trucks gain ground in US logistics[R]. 2018

[18] MOORE D, REBECCA C, MICHAEL S, et al. Defense against the
dark cars: design principles for griefing of autonomous vehicles[C]//
Proceedings of the 2020 ACM/IEEE International Conference on Human-
Robot Interaction. [S.1.:s.n.], 2020: 201-209.

[19] LEE Y C, MOMEN A, LAFRENIERE J. Attributions of social interac-
tions: driving among self-driving vs. conventional vehicles[J]. Technology
in Society, 2021, 66: 101631.

[20] YAM K C, TANG P M, JACKSON J C, et al. The rise of robots in-

creases job insecurity and maladaptive workplace behaviors: multi-

method evidence[J]. Journal of Applied Psychology, 2023, 108(5):

850-870.

International Transport Forum. Container port automation: impacts and

implications[R]. 2021.

[21



< 112 - ekl 51

AR 7%

[22] AR AR, DO, FHBRTE . H EE 302 BU0IR K M 537 S5 AR
FU] VR4 LR, 2022(8): 1-2, 5.

HE F J, MA W B, TIAN X D. Research on the status of port autono-
mous driving and testing technology of typical scenes[J]. Auto Electric
Parts, 2022(8): 1-2, 5.

[23] T KR, EMHR . RS S AT R R A14S A1 S4AT AR5 H
FR[I]. A ERFEE BB T, 2024, 39(1): 27-33.

WANG F Y, WANG Y T. Digital scientists and parallel sciences: the
origin and goal of Al for science and science for AI[J]. Bulletin of Chi-
nese Academy of Sciences, 2024, 39(1): 27-33.

[24] WANG X, HUANG J, TIAN Y L, et al. Parallel driving with big models
and foundation intelligence in cyber-physical-social spaces[J]. Research.
2024, 7(3): 1-16.

[25] YAN X T, ZOU Z X, FENG S, et al. Learning naturalistic driving envi-
ronment with statistical realism[J]. Nature Communications, 2023, 14:
2037.

[26] CHEN D, ZHU M X, YANG H, et al. Data-driven traffic simulation: a
comprehensive review[J]. IEEE Transactions on Intelligent Vehicles,
2024, 9(4): 4730-4748.

[27] HAO K K, CUI W, LUO Y G, et al. Adversarial safety-critical scenario
generation using naturalistic human driving priors[J]. IEEE Transac-
tions on Intelligent Vehicles, 2024: 1-16.

[28] HAO K K, LIU L, CUI W, et al. Bridging data-driven and knowledge-
driven approaches for safety-critical scenario generation in automated
vehicle validation[EB]. arXiv preprint, 2023: 2311.109371.

[29] 4, 18 [ B . 3586 TR 5 KO 5 AR 1) S A B [ B 2 T R ST

R[], RGN H AR, B3, doi: 10.16182/).issn1004731x.joss.24-
0065.
WANG X, TAN G Z. Research on decision-making of autonomous
driving in highway environment based on knowledge and large lan-
guage model[J]. Journal of System Simulation, accepted, doi: 10.16182/
j.issn100473 1x.joss.24-0065.

[30] B ks, XU, ¥ 5%, 5. HET PPO VAN B 2) 2 3 ANLAC H2UR

A2 S 7R, TSN E S, 2024, 41(9): 2732-2736.
SHI G S, ZHAO Q H, DONG X, et al. Human-machine interactive re-
inforcement learning method for autonomous driving based on PPO al-
gorithm[J]. Application Research of Computers, 2024, 41(9): 2732-
2736.

[31] SHINN N, CASSANO F, GOPINATH A, et al. Reflexion: language
agents with verbal reinforcement learning[EB]. arXiv preprint, 2023,
arXiv: 2303.11366v4.

[32] MADAAN A, TANDON N, GUPTA P, et al. Self-refine: iterative refine-
ment with self-feedback[EB]. arXiv preprint, 2023, arXiv: 2303.17651v2.

[33] XIE T B, ZHAO S H, WU C H, et al. Text2Reward: reward shaping
with language models for reinforcement learning[C]//Proceedings of
the Twelfth International Conference on Learning Representations.
[S.L:s.n.], 2024.

[34] KWON M, XIE S M, BULLARD K, et al. Reward design with lan-
guage models[EB]. arXiv preprint, 2023, arXiv: 2303.00001.

[35] LI Y J, CHOI D, CHUNG J, et al. Competition-level code generation
with AlphaCode[J]. Science, 2022, 378(6624): 1092-1097.

[36] XUE B Z, PARK N K. A study on the efficiency of container terminals
in Korea and China[J]. The Asian Journal of Shipping and Logistics,
2016, 32(4): 213-220.

[37] COIFMAN B, Li L Z. A critical evaluation of the next generation simu-
lation (NGSIM) vehicle trajectory dataset[J]. Transportation Research
Part B: Methodological, 2017, 105: 362-377.

[38] ZHAN W, SUN L T, WANG D, et al. INTERACTION dataset: an in-
ternational, adversarial and cooperative motion dataset in interactive
driving scenarios with semantic maps[EB]. arXiv preprint, 2019, arXiv:
1910.03088.

[39] HO J, ERMON S. Generative adversarial imitation learning[EB].
arXiv preprint, 2016, arXiv: 1606.03476.

[40] AMODEI D, OLAH C, STEINHARDT J, et al. Concrete problems in
Al safety[EB]. arXiv preprint, 2016, arXiv:1606.06565.

[41] ARORA S, DOSHI P. A survey of inverse reinforcement learning: chal-
lenges, methods and progress[J]. Artificial Intelligence, 2021, 297:
103500.

[42] HUANG L, YU W J, MA W T, et al. A survey on hallucination in large

language models: principles, taxonomy, challenges, and open questions[EB].

arXiv preprint, 2023, arXiv: 2311.05232v2

VLB, 25500, YERNIE, 45 . R B R RE S M. Trik. JURS R

). AR S HAR SR, 2024, 6(1): 17-32.

SHEN TY, LI Z W, FAN L L, et al. Embodied intelligent driving: con-

cept, methods, the state of the art and beyond[J]. Chinese Journal of In-

telligent Science and Technology, 2024, 6(1): 17-32.

[44] SPECTOR P E. Do not cross me: optimizing the use of cross-

[43

sectional designs[J]. Journal of Business and Psychology, 2019, 34(2):
125-137.

[45] JOSHI A, KALE S, CHANDEL 8§, et al. Likert scale: explored and ex-
plained[J]. British Journal of Applied Science & Technology, 2015,
7(4): 396-403.

[46] KOJIMA T, GU S S, REID M, et al. Large language models are zero-
shot reasoners[J]. Advances in Neural Information Processing Systems,
2022, 35:22199-22213.

[47] ZHOU X, KIM K, XU B W, et al. The devil is in the tails: how long-
tailed code distributions impact large language models[C]//Proceed-
ings of the 2023 38th IEEE/ACM International Conference on Auto-
mated Software Engineering (ASE). Piscataway: IEEE Press, 2023:
40-52.

[48] JIANG Z, XU F F, GAO L, et al. Active retrieval augmented genera-
tion[EB]. arXiv preprint, 2023, arXiv:2305.06983.

[49] XIE Z K. Order matters in hallucination: reasoning order as bench-
mark and reflexive prompting for large-language-models[EB]. arXiv
preprint, 2024, arXiv: 2408.05093.

[50] SKALSE J, HOWE N, KRASHENINNIKOV D, et al. Defining and
characterizing reward gaming[J]. Advances in Neural Information Pro-
cessing Systems, 2022, 35: 9460-9471.

[51] SCHULMAN J, WOLSKI F, DHARIWAL P, et al. Proximal policy op-
timization algorithms[EB]. arXiv preprint, 2017, arXiv: 1707.06347.

[52] LEURENT E. An environment for autonomous driving decision-
making[R]. 2018.

[53] KESTING A, TREIBER M, HELBING D. Enhanced intelligent driver
model to access the impact of driving strategies on traffic capacity[J].
Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 2010, 368(1928): 4585-4605.

[54] KESTING A, TREIBER M, HELBING D. General lane-changing
model MOBIL for car-following models[J]. Transportation Research
Record: Journal of the Transportation Research Board, 2007, 1999(1):
86-94.

[55] MCINNES L, HEALY J, ASTELS S. Hdbscan: Hierarchical density
based clustering[J]. The Journal of Open Source Software, 2017,
2(11): 205.



1

K it DK-Port: T OKIE 5 R ATGR (027 2] B9 1 9 30 5 B A Bkt 5 50E < 113 -

(fEZ T

EBRE (971- ), 5, HFEEERAEE
FILA R T EA T RAH, TER
[ AR L i B A

XERTK (1980- ), B, HEATEBEER
FERSL AR T A A RS S, B
i Sk KR A4 S . S g
W,

EARFE (1992- ), B, HHABKEER
FERD AT BR STAE 22 7 B S AL BT B O By
S EAE, FEHITT FOVE S L .
(el VS QEET AN

Tig (1972- ), B, FHENEBKGEEM
9364 BRBTAE 2 ®) B ST B 0 AT
T EWEICTT H A G BRI K e U T
YR A T AR BORT TS N
A

EE;E 191- O, 5, HFHATEKEEEM
kA7 R 9T AR 2 =) B ShALHT 1 o B RE B
wHES LA, EEBTT RN RS .

BRH (2001- ), 3, HF RSB EREM
il 3 PR BT A ) H e 0 B 1
TR, 3 E T A E s LS
TENEREARE,

FEITRR (1997- ), 5, LZEUREREIELS
PR IR A 7 R TAE0m, E W55 1A
VRIS B R SR R NI 118775 4 s N
REMARUINZRSE

JEEHR (1996- O, &, 4, Jbrib IR
FERR SR AR SRR EE, TERA
FIACANLZR AL . B B, B REpLRE A
Rk,

AR (1991- O, T, ZHEUAEREIELS
PARA R 7] B TR, 3 BT
ACPSRE R KL ST GRYIL: o o7/ B i 4e NN
XU FA M AR R

B3 (1989- ), 5, Wi, RUREFRE
EREARAERAFAE LG, EERH M
NEREM BRI, 0 ol ilin stk
B R A R0 4% 000 L A A A IR e
J7 1 o



