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Abstract: As higher-level smart driving continues to advance, it increasingly relies on multimodal perception, predictive
modeling, and intelligent decision-making. However, the acquisition of real-world traffic data faces substantial chal-
lenges, especially under extreme weather conditions, rare or long-tail scenarios, and privacy-sensitive contexts. These
challenges manifest as high data collection costs, insufficient scenario coverage, and labor-intensive labeling processes,

which collectively hinder the ability to support the large-scale training, validation, and deployment of smart driving sys-
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tems. Consequently, the efficient generation of traffic data that simultaneously exhibits realism, controllability, and diver-
sity has emerged as a crucial research problem, with significant implications for safety and system reliability in extreme or
unforeseen driving conditions. To address these pressing challenges, this paper presents a comprehensive survey of intelli-
gent traffic data generation techniques specifically targeting high-level smart driving applications. The survey aims to pro-
vide a structured overview of the state-of-the-art methods, identify the core technical bottlenecks, and outline best practices
for translating research into engineering applications. This paper organizes the discussion along three interrelated dimen-
sions—models, systems, and evaluation—forming a holistic perspective that links generative algorithms with practical
deployment considerations and quantitative assessment protocols. This paper begins by introducing a model-system-
evaluation workflow that clarifies the central technical challenges faced in traffic data generation. Key issues include data
scarcity, which limits the capacity to model rare events; cross-modal alignment, which ensures consistent mapping
between visual, spatial, and textual modalities; conditional controllability, which enables flexible generation under user-
specified constraints; scene consistency, which preserves realistic spatial and temporal correlations; and closed-loop vali-
dation, which evaluates generated data in the context of perception-prediction-control feedback loops. These challenges not
only reflect fundamental research questions but also directly affect the robustness and generalizability of smart driving sys-
tems. Following the problem definition, this paper systematically reviews representative generative techniques that have
been applied in this domain. Our survey covers several prominent methodological families, including diffusion models,
generative adversarial networks, neural radiance fields and 3D Gaussian splatting, world models, and multimodal founda-
tion models. For each category, this paper discusses the underlying principles, highlights recent advances, and examines
their suitability for generating high-fidelity, controllable traffic data. This paper pays special attention to the integration of
spatial and temporal priors, multiagent interactions, and semantic guidance, which are critical for ensuring that synthetic
data faithfully reflect real-world driving dynamics. This paper further categorizes applications into three principal domains
—intelligent cockpits, single-vehicle autonomy, and V2X-based cooperative perception. In intelligent cockpits, generated
data can support driver assistance systems and human-machine interface evaluation and enable the study of driver behavior
and risk perception under controlled yet realistic conditions. For single-vehicle smart driving, synthetic data facilitate
model training for perception, prediction, and planning modules, especially in scenarios that are rare or safety critical ,
such as pedestrian crossing at night or severe weather conditions. In multivehicle cooperative perception leveraging V2X
communication, generated datasets facilitate systematic exploration of sensor fusion strategies, information sharing proto-
cols, and distributed decision-making under varying network and environmental conditions. Across these domains, this
paper identifies key technical considerations, including sensor modality alignment, occlusion handling, and fidelity of
dynamic interactions among agents. In addition to algorithmic techniques and application scenarios, evaluation and bench-
marking constitute an essential component of intelligent traffic data generation. This paper proposes a multilevel evaluation
framework that spans perception-prediction-control closed-loop metrics, physical consistency of sensors, and scenario
diversity measures. This framework not only assesses the visual realism of synthetic data but also quantifies their utility in
downstream smart driving tasks and ensures that generated datasets contribute meaningfully to system reliability and safety
validation. Moreover, this paper discusses engineering practices for constructing scalable data engines that balance real-
ism, diversity, and controllability, and offers practical insights into data augmentation strategies, hybrid synthetic-real
data pipelines, and scenario generation workflows. In summary, this survey provides a structured, comprehensive refer-
ence for researchers and practitioners working on traffic data generation for advanced smart driving. By integrating perspec-
tives from models, systems, and evaluation, this work highlights the progress made and the remaining challenges in gener-
ating high-quality, controllable, and task-relevant traffic data. Such insights will support the development of robust data
ecosystems, inform the establishment of standardized evaluation protocols, and ultimately accelerate the safe deployment of
high-level smart driving technologies in real-world environments.

Key words: model-system-evaluation; high-level smart driving; intelligent data generation; intelligent cockpit; vehicle-

centric smart driving; multi-vehicle cooperative perception; multi-level evaluation
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Table 1 Overview of three categories of data generation methods for vehicle-centric smart driving:

generative models, control conditions, and output modalities
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Fig. 2 Scene semantic-driven data generation pipeline
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Fig. 3 Image data generation driven by spatial structure
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BRYNI S5 b i S LR OB I I8 . SRy T i
VoX Z M — B AZ ORI, BT T 28 eI
R 73 72 48 10 1 8 R 8L LiDAR AL, B PR AR 70 R

[ A4 0 R EER B — BB E . 8 Tt
MEAROR , Bk T — 18 5 | kg, Ha it
438 07 B PR BRI S A IR B B 25 5 5| ke P4 IR
BRI IR 2R R I 5t . SEERUER], V2X Gen
REAT 5 K B0 22 i P ) B A AR f e e, O ELFH HL A
BB O TR I 2B 0 m] Lt 2 4R TR R A R
M4 T bERE .

Xiang 55 A (2023 ) W) L 33 T A= O Pk 3 5 .
BRI B BUAHESE . 565 1 B B AT
XTHUPE PIME AR5 2%, 380 0 1) H v ] il A5 28 v
A2 2] R A U R L A Y 20 5 AR S T
VB 2 5 BUR AR BN PR R B 22 5 55 2 B Be b AT XTHiT
PEOL BN 2, Al R & PL A 3k (an DLt e i
)X A BRI r LA T R IMB Y B AT AT I Bl
DLt — 25 WAL BT PERE . TR 9T KW, V2XP-ASG 4=
B X 437 S i b 3 AT A5 Al 5 W RS TR 1 4
JFE I H T S UERE A HEA TR0 | BB IR £ 52 A4
TEIE B Gt AR PR SRR 5 iz AR J) .

M I I S XA B T vk AR TS
LA Bl T Y Se g B AR W s AR R
5222 IR T RIG R -F AL Ak as 0] . Ak a9 T
I, 455 < TR O A8 T 4 2R SR e A A B BT R R AR S
23 (], W5 a0 e e 3m £ FR A CAn B3R | 2 4) 9 ARTHL
K25, DL T & B TR) s e X SR 00 A A0 ) 42 A% 2
3t 1) g 2] i X B0 A7 e A BRI R o

4 HESHESHEEER: TN
ik

R S E LI S AN R e
R — T — ] 4 o A B g 00 ] R S AR
SEME o A B XU T8 22 S 5 e 2 5
BT 45 VI GR35 08 01 I 3 22 18] ) 0 A1 22 (A
B ESE BT SIERE S SRR E S
PREARZS) 5 i 5 48 [F] — H AR N A [ 523 A
265 (AR Z= IR T N AR ) o U5 kK
ARG oA A RS ) B P 2 ) B R 52 B4
ey L Al R s L S 98 9 K 5 i 2
AN AR AN BN T 2 B R R fE
e,

EA , BA R T A0 B T e P EORE (TR = 1Y
SR L) FF A SR A SRAT 55 P RE St s e M R
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AR AR ZHE S . KBRS
THNH R R FE o, WAL G 3 5 5 M A R (O
DX RRIX. | vy 5 ), PREE AR A R A 1 O
2 KA OCRSRIE) AT 5 E
Ofge ALk R & SRR L8l , ML Sh S E R 5
A I S S 4 1 B 5 [R] B i R T i A5 SR S5 )
HE R 972 A CHPLABOE A S 8 s 5 [l /e

PRI A SR EAE RS ) . R YL
R E R AR S S, S B A A ]
REFE FL S0 AR e Fe AL HR 4 Tt o

PRI , A SCH: H T 1) 5 OB B 2356 T PPAE 42
R 2 PR, B RS 41 AT Lk 5 TR T R 4 9T
WA, WG ik Sk R E T R — S 1
(Song %% ,2022; Song 45,2024 ; XYL %5 ,2025)

®2 FNHEBER

Table 2 Overview of evaluation methods

PP T RIS bR/ 71
K= N L RZAT o R
Bl 2 gtk HIMEL/ 7 2211 3 1 5 5 KS Gt
B = ARG 53 HT HT BRI N EEEQ-Q &
T2 EAE 53 B B FID/KID/MMD
e = I ZAAR F) 5] FA ZRAS SR 0] 434
VRN TSTR (A I B2 ) GAN-train/TSTR 455 .mAP .mIoU . ADE/FDE
BOZE TRTS(E I A R ) GAN-test/TRTS #545
1552 A/ 435 mAP .mloU
1155 )2 A B Driving Score/Route Completion/flf 18 Z&/41 4T %
1552 S HLI 2 A SCR.TRV .MASD
LG EM LAl Tl AR /2 DR/ B B/ N P B A
LARGEM SR NCEEy:) FUA O HENTR
S e T L /BIE R da JUf 2B A e R 3h 1Tk

4.1 ERHTENTTE
4.1.1 AT

N AT ph FL S o 5 (a2 s &
ZO I TIATE 55 B AR S (BT, XA i 2R
AR TSR O S S — S DA AT ST
PEFEAT EWPEN

DRI, R R R T4 AT 40
(AN EC SR OB A BRI s — 8 ) . R nT
i 1 2= o5 45 i 3¢ (Likert scale) % i1, £ F- i Likert
(1932) $2 I 245 A 3 5 110 07 ¥ 8 T 4e it o b
St —Htk

2) B8 4/ HE R (A/B ) (Bradley yill Terry,
1952) . fE[Al—Hi A5 AHIR R 245 A1 S B
M SE A A AR IE A5 B, PP HE B e
VERETEALA o A0 AR B X HORTBOR A BT
22 5, I LA f U B 22 48 0 BT B R ]

PP PP RIS

LR, HEASURZ TP X e
Yy onzR (CAnsg s MLy B ol ¢ &%) AT — Bk
B 5 ks

NI AR S N W S b o, BEAE 3 A 30
TR bR AE L2 i i VAR TR T SO g AT R
T T OB 5 TR S AR ) AR 2 S 0o L5
[l Al 55 [ SRR , VR AR e R A dl
HFEARTET  FUMES —FrE )2 5 (8] i
28 SZBUNESS ) A5 I R (555 B 0T 4 g o
PARHUBE 5 i Bk AQ) R AR S 5 B 25 (PR 55 /MR
PPN ZEIE) , LA KT LM S i B AT BR O [R)AE
5515 S E T AR AMELIE 10X 5F)
4.1.2 guitEds

Gt br T AL AR A A S —2
BRA—RERNEREHEITRE ., To R
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TE 2830 2 B BE (KR U = ) v B
AR

DYES T 25 . 4 MR & X (IR R BREE
S RO B BEV S B ), A A
il x,, 5 HIEASHE x,, B BUFEAS Tl 7 25 57,
5 FLEATC N 7 22 57, 22 BRI, AEAE TR T
51 EE b S Bl P A TR G TE (49114 LAD AR [T 35 o J32 /Mg
L) ARG TR B B S RGPS Th 5 32
fdi.

2) B IR b M % R 20 (Rodgers F1 Nicewander,
1988) . B¢ JR i AH G Z BT T i 2278 S K 25 4
UM RGB JH B /IR S5 B/ 7 S 5 1) 5 . B

S -5 (7, - 7)
r= =l (1)

> (- i) / S5y

Kb, rel-1, 1, H TP REAEA S rel-1,1],
x,,y, RS R %, v oA 4% HEE

3)KS 4t it (Stephens, 1974) . KSHi it T
U3 P 4 — HEAE AR 1 2255 5341 PR B (empirical cumu-
lative distribution function, ECDF) 22 5% . % HLALEEA
x,,, FVEREA y, B ECDF 73514

F,,,(z):%iux,, <t) 2)
Gu(1) =Sy, < 1) (3)

NI FHEEAR KS BE it
D, =sup|F,(a)-G,(a)] (4)

K, F,, G, 0 B P FEA T ECDF . n,m i 4H
FEAR 5 a R B E AP 5 (FF FEAS 23 0] 1 B b i A
sup) o KSHAESHK K, IEH FHRE®RE S
R A AR T — B

4) &5 g A AL M 15 B0 (SSIM) (Wang %5, 2004) .
SSIM J&— g Bt s DAl 6 b, T4 £ 7 s RIS
FESERE N LU RE NS5 R0 45 B 0 T AR . L 2R 4E
AT LAk B 2h 2 3l R GEAE A )G D0 T A B Y
Ji .

5) 4 5% AL BE (Singhal 45 ,2001) o 4% 5% AHALLEE
A AN RO Can RS PR3 it A% SR 2 B
8 ) Z (Rl PRI | R T AS A R 5 ek
P 2 6] R ARLRLRE AR B8 2 > A i 558 )

GEitHabn A B 5 AR s Y AT S Al R

FEME T BN AL D — Y R (X E D
2 ) KA SRR SE , BIAHSCHME (B /Kb ) 221 2%
HIRBIOCR , F R — By B ECDF 22 5%, DA K
A5 FAE 25 0] FH 25 A6 /3 JBE AR RL A R ot o 5 e 4
FRIEELRE . BT AL S E 8 BB & B
Jry PR
4.1.3  ATRAL M B
A3 A1 3 A o DB A T B, BV 7R J%
R TR SRR ) 540 ) 20 A1 R i (i b 5 0 A A% ik
TS — B R AT A B AR i AL Y B
R ), A B or o A AL A 3h 8 B &R g Ry Mg
(Routray 55,2024 ) . HAZ .0 H AR &6 2 U7 S+ 4 508
(A2 B A TR A TR 1) 22 RS0 ek e 1 ) RS
Ol AT S 05 5 RSB B8 ) e 1k R AT gk 332 A JE
U BNV ORI A R R R R
BTl AL B N EEIE T R
Q-Q EIFFEIZR , AT LA E WL s B3l 18] (1) OCHR 5 22 57
D) FAZE 18 (box plot) o Ff £k & 5 7 £l 4l 1) v £
B WAL L S SR R T RO [ 3
BB ETT A S EBRE . ERERANT S
I3 AT 28 5 B BT R 3 T e A Bt 2 R A
TE W] A 5 3 (B B S (B (M Gill %, 1978) .
2)/MEZEE] (violin plot) o /INEZEEIFEAELR K1)
LA b0 TR R L, BB % 4 s B Y 22 ey
AEF R oA 38 T s 2 2% (Bt A, 35 Bl 43
Mol REAFE R KR IR A Im s 00 . 76 H 3h 28 3
KAy NSRRI AT DL B s /s SR AT i £
FEPEFN 23 189 & 24 (Hintze Al Nelson, 1998)
3)ET Rz R . B A R i 2ol
T — 42 (R R SR B 5 25 BB Ll 3 A
JE4E) BB A U R B AR oA o T8 3 3k 2 5]
&, BEWS T W 20 B AN [R) B e i ) o A IR, R A
N U Eh % 1 O S B 1 T PO N = Wl S B IR
B B 3 A, n] DLV AG A% 2% 4% 1Y 8 55 Y0 AT
4)Q-Q E (Wilk F1 Gnanadesikan, 1968 ) . Q-Q ¥
FH X8 L A RCHE 20 A1 8 3 S B0 AR 0 B 2k
TS T 000 2 A5 A 5 2 T A (U ZS 70 A1) o
X — [ 0 HIE H] T 50 e s 2 15 ok A AH R AY
A7, SR A O 2 B AT S JL L SR L XX THIF
fili B 3l 2 B e A5 AU T i) 5 B R A M OT
G-
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T L BB 3R RS O RGBT R B 1 43
ATRAE , 38 B0 R G b AV LR ) R, O 36 k3 D 44
REA RN XM A A Sh 2 3k R G rERE
oAk, 1 R SR S RO B A T AR
4.2 REZF IR E TN
4.2.1 FRMEALRETYIE bR

FEMERAYAR bR B TEAEVE SCRAEZS [A] i B 5
B AR T B HOE Y P L RE 5 8 M sl 5 (A
B ZRZB G TR IR (Heusel 55 ,2018) . HILAR AR
JE A A B SHUE EIIGREF 1) S8 E iy B R
MEREHY £, VA R AE S R | o L S B 5 5 A s
L [F) B BV RAAE 2 (8], I AR %5 0] LU B & 70 A 22
St o AR RO R A SR IO N Tz fd
AARRNE Dy VR HEAT A 21, A48 56 T 5 i 8L Y FID
(Heusel % ,2018) FE/MEA T 2/ 194 Inception F
75 KID (Binkowski 5, 2018 ) | [ [ AT 25 — B
Fréchet BUATHE 2§ FVD (Unterthiner 5 ,2019) , A%
Xt mi SRS Fréchet i 23 1 FPD(Shu 5%,2019)

W SEBAIEE N D, =« ), & A
D, ={x ) o WEHRGIINGEAL S, (): 7EEBRAE
55, 1] B Inception B 7Y (Szegedy 45,2016 ) 5 75 147
55 v, AT B ik = 4k 45 B 4 (inflated 3D Con-
vNet, I3D) (Carreira A Zisserman, 2017 ) ; 7 55 = AT 55
Hr, AT PointNet #5700 (Qi 45, 2017) o AT 2 HUAYREAS
FEAE ] 4 E SO

z,=f,(x,) e R

z,=f,(%) e R* (5)
P d FRFHELERE s ( 2, ) M1 2 ) 0 iR SRS
R B ARAE 1) B AR AN R R T R T
SEMERSRL R PR A RRIE 25 8]

1) FID. FID (Heusel 45 , 2018) 3T fl 4§ 45 7&
Inception RO B A 4R, L) S0 A 3 L
FHIE ] R BT N (e, 3N (e, 3), 7 SCH

Do=lm -w [+ (3 +3 - 2(30357)")

(6)

A, o LSRG OB )RR 1] A S5 1

3., 30 HSRA R B R AR 1 R A P 7 22

B, e () WIS o FID F(E #3718 W o3 A b4

AT, AR AR T A A AR LS RS AR TN 25
PR RUAFAIE 25 8] b B8 23 A AR

FID 2 T I GRaR AL, B AT 0 AR

PEF, I FLRELETE SO)Z M U S 58 o A, 78 55
B 5 EWRSZ A — BT, CTRIRE, T
FOEE SR AR BT VR AE SR RS 5 UL B, i 40l 5
RS AT Fe A BR o (R e 39 ARl 2R AR AE 1Y
YIE S 07 25, /NEARTT (AT T R AA e 22 , 0T HL
MELL 22 1m 22 W el K R AR I AR 25 5

2) KID, KID H #% fix K ¥ ff 22 5 (maximum
mean discrepancy , MMD) 7E Inception FF1iE 25 [8] Ho #¢

B4 BRI b o) = o) 4 1) 38

Totwttiit e h
Dy, = MMD*({z},{5}) (7)

K, MMD? g fie K I E 22 57 09 TCAm At T 5 d i FRAE
YUEPE s u, o N PIRRE 0] 5

KID {3 AE T ARG 2 30 AL 6 /A TR £
fa, et 2B I E ST EZNE 2SR, TEA
JE T, BB R A bR AR S S R U TR
IF, 5500 R T R SR A, R A HEASEAR I A8 Ry #E
B, 5 3200 5T 5 A DG T BB AE AR 25 -

3)FVD., FVD(Unterthiner%§,2019) FH T fi
B A W RS B SR AR A5 1 SCRAE LB %
S IS S FID AHR, 76 [ DR A 3 7R iR
WIBHRE 2R B A 2s (2% (13D) |, % B8z 5 4
PRI Bed Bl A, 73 46 2 oo i oA, OF it
B Fréchet FEES . AN [R] T2 Wi K448 45 , 13D
FAEHE Wit P A X5 ot (8] 328 B/ 5 SC B [R] 2 5, DA
T AE FVD [7] B fs B 1] 1 o o 5 e ] — B o S0k
rHH HOO RS U A T R B 8 R B RS
RE (IE/ A  IFRCE S — 1 AL 3 (539
B ARG B LUBA AR TT bt o O HAE A 1AL ¢
Wiz s B S B S B R AR TR AT 55, Al
WA B PR B/ 4 R 5 AR K B AR5

FVD R #AE T ZI 5z 2 5 B i i% 50 A i
it R s B U S A 32 A7 . A LA B
R B R T 5 B 28 R AIE e SR )I 8k  4E
55 1Ak PR W 5 SR S T L A7 B 5 (AT SR FH R
RN, ORI SAE 5 P 22 , % 2206 3 A 55 A I
AR, XA BE 5 SR e 7 2N B Bk

4)FPD. FPD(Shu%:,2019) I FAEWIIL:H =
A2 0] He A LS 5 A B = oA 25 57 o ARk
JEEIUIE KA 5 2 AF 55 LI R AP gmtis s (4an
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PointNet) , SEX%T 55 = bR Ak O v RUEE S — | B
IF X0 S5 23385 ) - F SR AR O 1 7 B8, AR AS RS A i
A FfJE 50 e B8 5 4 iR ALA 20T
Wror A B P Y Fréchet BV N E R, S5 T
N DR g T e A 1) SR SR DA SO Ry L
Al —3& AR T AR (B A R AE , FPD RENS 1E 43413 )2 1
WA B IR 5 B SRR B — B0tk . SEBR L ek
s i IR, IR g a5 e —
b5 RAE S S5 7 TR R I (58— , AT R PPAl 4
FREEFE AT L

FPD fLF3AAE TR R AL MRS 5 Jmy BP0 3 5 o &
B, BBZE A I WUIE AR 518 O UM{E B, 5% s i B o
BEVR I 047 J2 1 A4, LSBT 3% 38 A RO B
i o MeAh, 7248 a2, =X S = i H — 1k 5 X
FF B R SR Ry R, TR B £ Y
M Rt R,

SRR BRERIALEE bR AR A T AR 28 25 ]
Mgt , I F NG RAE A LR RE 7 BT 55
T SCHY R T, AT 55 102 S0 8 M s 5 o R 22
ST, R IR R ) JEAR 5 R 518 3 4
BEZE R REAE , fPPAl X 6 B A AU S5 AR
IS O k. RN, LA AL Al
FEAE—Se AN A2 JHBSUE 5 A6 i 328 SRAE 5 S
YIZRiE RS AL R FE , 85 5 A B T Lt 5 A i
PEAZ R X PRI PSS 8 2 s o e
4.2.2 AR5 HERE bR

AT AT S5 AT I R B8 — 4 R DT 4
JEE < BT ORI /73 B /BR R ) T R 4 ) XU 5
Lo FRAVE I W BE—BE SRR R . BT
A3 M Z R ) B B IR TR R 2 A S R
BB 0 A R B LA KU —3) 12— A8
PR —30M: . BRI S A BRI 8 B
U i, AR S 18] /485 9 0 A s 7% S 8 288 031 B
JB%; AR AR AAR  AE 5 P IR T R R 0 G 3R
%Ay A R 50 (Alahi 25 , 20165 Bansal %5 ,2018) ;
AT bR ELHE R RV (075 2 7 2 A2 B A Y
FEAS s BRARLDFE AR 2SR TE 45 0E (&, 6) B AT HE T R4 2L
JHZ2 4k (Dwork £ Roth, 2014 ) ; ¥ 3 5 {4 A8 A A% H
R RAB T RAHE, X% ihE L 555
fifi A

DTS 48 5 . BT 55 (10 P4l A6 BT 5K
P 45 38 FH P, 78 35 4 ) 52 IF He (intersection over

union, loU) . F- 3K & (average precision, AP) -3
¥ FE 1ME (mean AP, mAP) V-3 22 3f: It (mean IoU,
mloU) o ZJEHE b5 5 U145 H bn— 2, {5 AL iR 22
HVRIF5 T ARMPFI B 42 %) 55 (Lin %, 2014 ; Bernar-
din I Stiefelhagen , 2008 ) .

(1) HARK I (2D/3D) (Lin %5, 2014) . 33 H
P G 0 P AR5 B2 (1 (mAP) o X201, 5
H1 ELELAE 5 TUIAE A 252 9F HE (ToU) E LR SG R o
FE45 7€ BUE (40 ToU > 0. 5) F i HFORE % — 14 [l R
& p,,, FCHET AR RIF- 265 B2 (AP) . mAP S 4 2851
MR AR . PRS2 O o B (E A B E AR 23,
Xt I A7 B U AR 429153 mAP .

(2) 5 SS9 o3 50 o i S0 o ) B T
Wrdahr A~ F 145 F e (mloU) o

2) MR AE SN AR bR o JFERPEIAE H 2K 175 (log-
replay) T AT, BIRUR 522 H . w0 & LTS
b EALEE 338 Bl e s A5 25 DL SO B2
AASCHEIR o A SCLABUIE L2 158 22 R R4 710 ] - %
28 5¢ WK (route completion, RC) FH 1 15 4= 50 1 7
E BRI e MU BE o B RN AEINTE SR § 45184 Y
SEIRE, TS B AR e IR T SR T AT [ 2 58 LR
AR 44, R

v,

1 &
E e = ?Z
Evp = |32 = v+,

K, E o 278 -0 15 2 (average displacement

error, ADE) , E . 27~ e 207 7 1% 2% (final displace-

ment error, FDE) ,y, A& GT £ ¥ (2D/3D) , 3, Rk Fijll , T

BN AL HG| - |, 24 L2 BE 25 (Bansal 55,2018)

3) %A FE PR o (1) Al 48 2 (collision rate) . Ailf &
FRIT AL GE B A A AL B P K A B A A
PERUCGHAT M5 . BV, R R S T A
T 2 B 50 Alf 4 (N DR8N ™ Al A ) . 3X — T
b B TPl A 2728 3 2R e e S by o A v i 4
YR, IT R RG2S R . B R

N
X 100% (9)

T, N R A Bl A R RS R B/ 5 8 (5 P
HAE—30) 5N, IS 5T R SRR 2388 1
PSR AU S A A EE s A S, T 2 2 0
FEAMBIHR G SMA L Z . 3T B2
JERE (ZLXT GBGE AT A ), AR RS AF Lo it

(8)

CR =
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el B 1 — A

(2) 135 #5354 (infraction score, IS) o 33 0404508
P GET A 38 Bk R G S UM B rh R AR Y i R
T RUEGHATIEE o 5B AT 455 S 38 R 193 Jse
(B LLAT NS A TE R 5 ) AR G EA 55
LB s AT S e T 2R G A ST A E AU AR
J7 T )R

(3)FEL TR (RC) o PR E AT T 58 Il
LREE S B IE R A A . R IAEAES
ZRBRE I S8 R U B 2k 8 R 1 T T A i
eI ERSR R By

1 N
RC = W,Z.R" (10)

o, N PR S

(4)RETT 50Tt fE A7 73 T4 A - 3t/ /AL 1k
NS RE AR oy G i i AR E R BRI
ST IJT 2 AR m T2

4) B AL 5 5 AL OR8N I/ 31 058 7Y
E R ) o 2243 AL (differential privacy , DP)HIL]
(Dwork F1 Roth, 2014) J& T B2 FA & B AH OC 19 H2 AR 52
B, T 2k TSR AR I 22 03 BE AL R Y B AL
I, ke A0 IR B R AL B o A AR AR T DP
AP W45 1 (2, 8) B4, Horh e (JRFATIUE ) J2 B A
PRAF s BE A% O T8 5 S (AT IR 1) 48 SRV B FA R
PRI B AR A 51, JT TR & B I
JE 2

Pr[M(D)e S]<e Pr[M(D)eS]+86 (11)

X, D, D"y HAH 2 — SR sk I EE 5 M o ARk
BL

RPL7/BLIE " CeRET EIRE =y sy Al =1 i < kol
2 0 ) BSCHI A G e TR g A LA — e T A
LR s) )y 2] SN 5 BT IS | DA AR B AR
PRy —B0rE . NS T H B AR 5 AR
IR AT S & U HRE

(1) JUAR] 2 385 /4% fith— 25U (Collision & Penetra-
tion) o LA 5 0 A £F 5 1B B 1 (signed distance
field, SDF ) u [ A% i 8 A6 0 4y Bl , 5 11 Az w4y
Z I8 A T AR AR Z TR R AR L 5 . X
5 LA e HER T 5 R A 0 S S B TR

= L max - X
n—m$;‘<a¢(» (12)
2o, IR FE TR AR () S AL

il 1) SDF {E (N8R 1) 5 p, N F- 34 71 SDF7IRFEE .
> o, CHE, B m) , WHA 2R B, 4
PIgE R, B
€=y Sp>w]
: ) (13)
Co= 37 2 max > v
Kb, o, AHE BH (m) s N AR D IRE MY
HWUEL, y /45718 PR 8K (indicator function) , &4 —4>
A JR F W ORI - £y BLE 1, A5 U HR 0, 1k
0 5 T SDF (9 28325 F %k S /Al 8 OC R i#E AT
Py 3T A P A A )38 4T 58 I — B (fif ] SDF 5% % %
AHAE 1 ) R k6T 2505 B A T 001 o
(2) F& % 1k (stability under gravity) . #3755
ANR Yy BEG 2 FE 7 FEAR BRI R 8w, 55 42 i
LR N5 EL TR 058 i MR BN (1, ¢°) AL
(2!, q ) g RPUTCED o PPBHBhE L
=i -,

A6, = zarccos(‘<qiraq?> ‘)
¥ Ar > 7, 8A0, > 7 WA ARRE L = 1,
I, =0, HEHss

1 N
I, = Nz[i
i=1

Is=ﬂl4iy[zli > 0}
s=1 i€s

K (1) A= S) b A5 BAi/Ja F R 1 & )
VU TCECED ; -, ) NPUITENEL; Ar, 5 A6, 1) R
MR 7 T RO ERHE (s) 5w, R FREESE R AL
I=y[Ar,> 7,80 A0, > 7,1, 2L S5EMERAN
A R 2 e A0 T BTS2 AR B R RS R A
=Y A i R S R ST
SN EE R 51k B AR X TR B A2 — 3,
18 52 B BE 4 (R 22K R s RN B 3l
PG LT P A G S T s,
e B A B RSE/RT UL 1 43 )2 Gt S5 HE R A o
FEI IR 2 (U ADE/FDE ) BAS AR 20 B 3 B , 3 & P
AL PO (9 5 % 5 Aok AT Z B35 1] R ok
PRI 53 A 55 38 A A — 30T, 12 25 5 P AR R Y
XI5 2R 230855 , 7 [R) Bof 4 4t 22 4 AE e 5 44 I 10 B
TIPS 24 P i 55 8 AU XoF 5% A AR E0E , (H
J& TR AT Fe 4 Al T 7 22 B BN B RC E5  fk

(14)

(15)
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FE U BRI R A R S EE X A, 3
P55 B B A B AR5 R A R IR,
RS = RO B TLAn sl A8 BN — B A (R
Z WG 2T R 5 UGN, 5 T P RS R A G B
A5 G RN B A] A AT i L TR 45 5E (&, 8) T T JEXT
Fb T DA sk A PR B RA LB AS R S B A A AR AT e, ]
7 A 1 R RA TG 3 A BE AT TR B (Dwork AR
Roth,2014)
4.3 ARENE S HEHE

PAERPEI (closed-loop ) i Al 25 Bk &2k 5
RURELEA I, S X T R 22 5 B &= AR 7T -
FEIRFE bR E TARBUA F B (B 5 38 8 R A7 AE S AT
25 S LS PRI A AR S Sk 55 o I SR
({511 4n Bench2Drive ) 5 1 LA 2 fig 71 4T 55 28 #4) 3 270
LA IES — LS N i S8 bR, LA
Fo] etk 5 52 Bk (Jia 55 ,2024) .
4.3.1 FEhMER

1) B e A (RC) o Z1 ) ZE 500 90 B AT
A LA o X5 i AR AR DI R A B M A
BB, S AR R R, € (0, 1}, T

1 M
RC, = MER
1 N
i ;RCI.

(16)
RC =

2, N PRI FE L

2)%%%5’E§3\(driving score, DS). TERRZTEIK
AREER b 3 DA 28 A2 ML Al A T A R A
TR L B LR BB K5 & 2R HLA ST 3R
Bl P, e (0, 11,00

%i (RCL. : HPM_) (17)

A 53 BRI P /P S/ A RS ) L
CLAT AT GBRZR | D R B AT A B XA
KEMM P, BUES fih & 4 ﬁﬁﬁ(ﬂﬂ%%*ﬁ%lfﬁ
M I — I AR AT HeE

3)?%—?&?-% =% % . (1) % 4. BRDS
Z Ak, H R B A SR 98 % (scenario collision
rate, SCR) 5 22 HL W i3 KL 3% (traffic rule violation
rate, TRV ), SCR & SCN FERFARAENG S, Al

TS 5K & FE341E ; TRV il 5 38 5 g vl 17
ORI kT AR
(2)350% (efficiency ) o i i A4 RETS “ FUAR AN

WO e AT 55 o W AR R A BT A AL
S JEE 8] o A T R S T T I PR 19— R e

B, WAL R ORI o W SR R o,
FRH Ay o, ]
Ei=min(l ”X)0<a<l (18)
v

RARSOR I E . F2 BT il 23 7 SCEHT (stuck)”
Vo (L 0 R BAAEG T PR 1 — 5 Pl Bk 2 A5 )
A5 S PEIAC R —E

(3) - 4 /45 15 P (smoothness/comfort ) B ZE 3K
LRI e AR Bl , R S N | S |
e 1) AP B S A ANETIEAT R o kSR R ST 1Y
(EAE = R AN PR B, nDRESE i 2R BRI 73y LA
H H 173 A B (free-vehicle segments, FVS) , {X7E H
HIAT 3 BENGE T P MR B 5 >4 420 Ak T BH 22k
A 052 HA S A e TR ] R A %O Be
NGNS DE 53, 7] 7 2803 B % 2 5 JUEE i s
BATRBL . B AR BRI HS s A FVS Fr BERHR
T.., c. () TR MIA—Ak jerk & [ ek AR L% %
1] 718 3 B il 8y 2 A 230 S5 A A R IR P NPT A R

B, U5 | 2R B P P/ 385 A5 7T S Sy
1< 1 (™
SC =1 - sz—JO e, (t)dt (19)

Ao, SCBRHEIT 1, 7R 2404 T30 A8 I 3fe A &7 1
PEBR 5 LR i SR B TP FVS BB T, WA s
AN FVS i BOHFZES ] s e, (1) % Be N i 2] ¢ 114
VA — A N FE S
4.3.2 ZReIimS5ERS
PRI HARRE B UM G . Rk B 4R 9
S-S5 (4 5 TS AT, AR PRI R AR R B TR
ALk S A S A SR R G RS VR

Sl ke B DL OB 2R S EME TR FRE IS IR E
BARE N T4 By WG RC/DS 5 4 4 A (Jia

,2024) . WHESIEGNA BT a e AIREAR S I
K q,, HbR b R p, GR35 8% S bR 2858 41
i), LU%**@@TW?fﬁﬁﬁ%,{ﬁﬁjﬁ%%
HHR A2, BN

A)—l—fz|q —p’ (20)

TEAA R REASECT |, 472 2 X B A v JXURS: fE
() 7 55 1T R AR SCR/TRV AL T 22, $2 B PN AR e
P 5 Z 8 TR S8 T 1 R ROk, 5 B/JF
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IR ZE T T X BT (Jia 55 ,2024) .
4.3.3  PFPEPML

PRI H bR B AR ER —IF I i — B R
e 55 M A AR W B T R, P B AT 2 B (SR/RC/
DS) 5 =R (L —ROR—F ) & 75 5 ot el 3 .
Sk e UGS LA R fe /N ol B B -

D ARG IR GRS, . B g0 & G804 A 25
¥ N i Rty A i 2 10, SO 3 2R s h i
B Ry, I 2R W 22 S 1 TR o

2) i EAR B ST o AE VI v B R RS
-5 BENLFP T 5 L AR 4L BE (AHAL/LIDAR N A2 |
JRHT A% | HIE IR /M ) 5 AR A By ) 2 A (PR 4
JiG 30 R S 2 — 5, FLSL IR 15 A G A
AE 5 2 46 /N BN S Y 0 5 B S 25 0 ) an oAE
LiDAR /&4 Hh 5| A ray-drop 2 > 5 HIF =, nlK:
FSE DU /53 E P g A I LS |, O SRR A G
{18 St 28]t 3

3REE T S . T2 R8T 4k B SR U
LA FER I 2PETE)  RIEFEA L 558
TR

4)FEPR SRR B . AT DS/RCE LY
T FRAEST R OR BEL A5 RS 21T 0 A B
VA5 5 PE I E B — 30 WS Aok R Bofb—FR
Sl ImE

S)GEiH At o g BIRBIEL T 2 e 13
1B 35 F T 1 B P e B 2K B 43 )2 1 DS A £k
P 5 TRl R 45 SCR/TRYV P IX 43 “Ji /AN i FIl“ PSS
B AR TE

6) SR CIE . FEMIRI L AE S LR
JF# ADE/FDE 5 P #5 RC/DS/SCR (I AH 434 , i 1
AT RBAY AT 25 5 5 R BRI

AT NG — 0 AT 55RO | AR R 28 g |
LS E R YGRS — B BRFL 6 N2 TR
T A RS E R I THESE : L FID/FVD/ FPD 45

FAE PR B 47 53 4 2 W5 L mAP/mloU/ MOTA 5
ADE/FDE fif i &1 5 FF A PEBE ; LA RC/DS B4 SCR/
TRV 05 N5t 21 i (A 2R 2R 205 L SDF 2R 35 % 2
T P 5 15 B gk /Y — SO A Sy B R A 2 55 7
[ 2 SR T VAL B BRSO R . 275
BT Gt AR A IR X DL AN R &
155 5 1 B0 48 b5 m] R 431k Jr 10 32 43 A EE RS 5
M) 5 P4 B0 5 22 4= g 4t nT b 2R E 8 (R AR 1 58 — B
SR EREAS T A A IRy i SEE AT He AT A
IR ZEA RE T KT

5 HAEHIEETR

5.1 EEAEEENEIRER

R B AR RS A P RS A R SR 41 1R
BN 3 4R, BARAEE

1) Cityscapes ( Cordts %5 ,2016) . H £ [#] 75 4= i
185 7 Daimler 5 2 s KA K AT, & — L HE T
T S SO % B i MRS B 2 o B4R BT
5 50T AN R RS I ) 4, 2 TR X
O3S oy E) B R AL AR AE 5 AR AR A
5000 i R R AR R Gbn TE R Pl 4R
% 2 9751, B UESE 500 05, MLAE 1 525 0. T3 e fit
2320 000 5 55 45 TE UG H] T2 W B siiE #% 2 -~ oF
Foo KBII P2 048 X 1 02415 3K .

2) nuScenes (Caesar % ,2020) . 1 Motional ( Hif
nuTonomy ) 5 Aptiv BK G A A1 i 218535 7 212 B A
B4R B ST S IS S OIS 2
K TR IR 6 A A B Gk LA B I i BT A 2
Pl i (5 B o IZBR AR PRIt TS R 3D ARiEAR
BT 2SS 3D BRI | MR 5 37 5
AT S5 o B B2 55 h, 45 1000405737
(B2 20 5), 29 140 KER 5 1. 4 MAS 3D #5
TS, RS HE%A 1 600 x 900152 % , 5 RGB

R3 HABAERBHFEEREELDER

Table 3 Overview table of typical single-vehicle intelligent driving data generation benchmarks

G/ RN B AR HERING R A6/
Cityscapes 5 K fitr % 2048 x 1024 https://www.cityscapes-dataset.com
nulmages 93 K 1% 1 600 % 900 https://www.nuscenes.org/download
nuScenes 1 000 5= (24 5.5 h A1L43) 1 600 x 900 https://www.nuscenes.org/download
Waymo Open 1150 s (B 5c 220 5) 1920 x 1 080 https://waymo.com/open
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nuScenes

Cityscapes
&4 ST R AR h i ELEOR )

Fig. 4 Image examples from typical intelligent driving datasets

nulmages Waymo

L M = 5 ERIBE S BB 5F.

3)nulmages. H Motional & 77 , J&— >R A2 g
Yy ARG ER A HAR A8 41 )2 55 nuScenes f
Fe—3 BRI T 2D KGR bRIEAE 55 . B AL B 1E
PRAN B B o KR IS s KA 45
T 2D s B R S ), 15 T H ARSI
SEAG) 43 T SCa3 ) K s UL v B ST SEAT 55 o
B He A A B 24 93 000 i B T B, Hop Il R4
(train) 2y 67 279 0@, Jo k4 (val) 24 16 445 i, Mi4E
(test) 299 7521 . EURSMHERE 1 600 x 900145 , 4L
PaZER AN devkit 197205 nuScenes fRAF—2

4)Waymo Open Dataset(Sun%,2020) ., i Waymo
KA 2 AT R K A B S 1 2B H s 2 g

AN 2 — T IZ F T 3D AL BR B I A
AN SE . ZBRERE T EEZ AT, 85
1150 2880375 (B 2020s) , A 12 57
Wi LIDAR =5 10 & 1 Wi M Af e i R . B4
SRR SA LIDAR 5 5 md 85k, B& o
PR E T 1 920 x 1 280140 % . Bii4% ME AT 55 %
o3 RINZREE (AR RN AR | 29 b7 60%/20%/20% o
5.2 EF V2X 1 EREEN T B B4R A B

ST B [ BB A S R B B i s )
w4 FE S PR, BAARGHE

1) V2X-Sim, J& 3% B 41 24 K 2% Li 58 A (2022h)
BT AR 2228 RE R IR 55000 45 |, Pl 30 AR DL 4K
- SUMO Fil CARLA A5 # 2 [F] A= B, 5 4% B
nuScenes F5s #f o V2X-Sim fit % T RGB # 1% 3k .
LiDAR . 4= Bk & {7 & 4t (global positioning system,
GPS) Fl 18 P4 M & PR JT (inertial measurement unit,
IMU) , 52 100 M5t , A RS 2~5 7%,
3£ 10 000 WG . HdE 444 8 000 /1 000 /1 000 FY Lk
150 43Ry U S B/ A AR o V2X-Sim [ L 7
DU S ARSI 3 5 R 4350 3 A SCSEAT 55, iy
155 ¥R I BEV R i2:, JF7E 2D BEV Az 4

R4 BB VX thERBAMEBEEREEZRRE

Table 4 Overview of typical V2X collaborative perception data generation benchmarks

s R ORI Rt it %5 B4
V2X-Sim - V2X B4 OB IR (324k)  AHPL(1 600 x 900) 10K hitps://aidce.github.io/V2X-Sim/
OPV2V V2V L EoBE A (6428, AHHL(800 x 600) 12 K https://mobility-lab.seas.ucla.edu/opv2v/

V2V4Real V2V ESE #OGEK(324k)

=21
DAIR-V2X V21 I8¢ oA (40 404k , i 3004k ) , AHHL(1 920 x 1 080) 39 K https://air.tsinghua.edu.cn/DAIR-V2X/

20 K https://mobility-lab.seas.ucla.edu/v2v4real/

1

- :Ff""‘—

SO\ ¥ e

(a) V2X-Sim

(b) OPV2V

A % =

B ~ A
SEEETREE

(¢) DAIR-V2X

7
P

(d) V2V4Real

5 PrRIEAEESE T R ]
Fig. 5 Point cloud examples in collaborative perception datasets ((a)V2X-Sim; (b)OPV2V; (¢)DAIR-V2X; (d)V2V4Real)

2)0PV2V. 2 SE [ I 48 JE 2K 2 3 A2 Ly
2 Xu 25 A (2025) b Z%F 4 (vehicle-to-vehicle, V2V)
PN S R BT EE 5, Hol ik OpenCDA HEZE
I CARLA Bl aR R o 28U SR S 11t 1 58 By e
EOCH LA LI AT 1 11 464 WYL E A

SO RCB ARSI . ILAh, OPV2V R4 4L T 44K
Culver City B9 E SZ B4 | X F PFAb A Y (172
feie I B A o 2 A SR = 4 AR I Fn 2
A P 3 S B A 6 3K, T G A A X
—RA A
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3)DAIR-V2X. J&HIEHE KT Yu s A (2022) K
LI AR [ B S I KRS B ) R S e 4
Horr, DAIR-V2X-C B4 4 45 5 3& 7 v21 v [ iF
78, BEHET VIC3D JE i, LUR R V21 Y IR K AT 55
B H bR 3D bR M A i, AR 15 2558 BRI
RS TNAC R NN N S NNEPNLLT) N
I T T B A B S T s

4)V2V4Real . /2 3 E 0 A48 e K228 12
LA AL Xu 55 N (2023) 28 3k SR A 19 874> KOBIUAR B 52
AR 2 BS VoV BRI A o IR SR A 5 R
ZABMN BFAC A T R R R A R A B AR B
T 410 km AYIE % . BEAE AL 20 000 WO ER I8
B DL K #3240 000 4> = 4k RAE B KA,
V2V4Real it 2 =4 BARKIN . B ARiE 5 LA 4068
73X 3 T )T 45 $ 8t T SR

6 kS FFHgEE

6.1 ZESEENTERNSME

B REPEAE A T Kt E SR R FRGUIRAS
MRS R I A B ST A BT
PERE , (H AT R GRAIETE S (RITE S S S35
RAETFZEENE B —BUE S BAVE R § T EA T
B AT — TP R JEHR T 5 SR A
JRAFAEAR B R L SE RS A A Sl I A sl A i
BUPE L A7 AE AT T2 GER S A s 2R Al S ke 22
VA ) A 52 B 205 By 92 3 A2 o R LA
T, [ P SHEM A2 B |5 SRR A B B , SR RO Y
BRI 1)
6.2 SR.AYRHHBFEERSTERZNH

B RE PR K 2 B R MR B AT O
B B XE LA S I I 0, TR A S 25 AR
SWFEWALTAT N . A WO EAE R INCR AT
A8 A R] A A T AT AT B ME LA DR R T A A A
BT CHT DR . RIS, A ORI (432 AL RE D AR E
PEATS AT ST, DLGRAIELEA [ AR A A Ja DGR 2% R L K
AMPRZE ST AR BB B A R E A AT SRR . DA,
A T g | A HLRAT R Az AL RE ) Y K A
ARG, SR RE AR T AR O I TR A
6.3 KESRimHSEEEREEE

o T B 2 R EAE S R AL

Sy

it
PREE T R Fr e B PR PEFZ AL RE ) o SR, P52 i

Yy S i R oA, KR4 A7 S s B
TFAREL, {E M o {75 100 A0 432 [B] 58 e B B 45 R ARl
LA VSRR AR BRI LA TR . XA
s e BR A T A AR AL AR /D DL F BRI R
SO YR T 5 SR AT 55 1R . Al A K
AR R K R 5 s s B AR TR LR
A DL Rz AR RE T, AT 2 Y SR AR A 2 N R e
A B AT R T DR BAZ O (), AR 9% T R AR I
FAAEH s L 2 A R, LIFERR
B RS TE 2 I GREA B K R 5
Gy 5B e R i FR )
6.4 ERHFBHRETHERAE

A BT B R R e AR BRI R A
Hret: oM R e EHE, SR, A T
A 5 ¥k AR IE 40 FID  KID 2573 A5 BE B 455 , 1%
WA T W AT 55 R BLAEA T PFIN , 3 27 v A7 AE T bk
Y EINE S N i = I W N Bl 5 I i e O T BT D
T 5 WA R 7 28 (R 454 O A B LR R
FeAgiE e R A T RE I B AR AR PN
A B Tk A () AN 3 65 5 ) A, AT 5 M IS5 28 17 1]
SRR . RRMER TR E R G ] A H =L
MIPFAL 7k, BN & 288 — 2tk ats RHIE AT 23
P, TR BHRE R A S PEAG P SR AL , i 2E i i R
TEVEAR UG T Rpe il , 38 T2 s i sk 5
IR
6.5 Bilfa5etF—EEEURE

FEZ2 A0 R P 28 38 S 5 A i, AR IEA BB
P AN [ ER AR S A1 B St =2 8] 1) — B A% O
M, A TR TERLA B S = (BEV A R A1 3C
ARG RIS AT AR SRR SR AR FE A0
Mg i S R R i [ S 2 <5 1) T, 5 80 i B s L s
()L B0 SCihge o AN i B vl S 1, ]
29 We RS UM AR BRI 4R T, A, B
1) 3ty A FR AL S AL A5 AR b o A 5 T TP A 22 1]
it /b B I A EAR LA e DL S A R Y
WA . AR FE N Z B A i — B Y
Gr— LR, A5 A P PR Rk A R R st (8
B PPAL R ELARBK ), DI B S A R A A
AR BT Rtz eie S . ERRE RS
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AR AR AL B, 260 B KA IR
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6.6 BlE—ERMBKAREK

T VX B[R] 1 B A nl, HLR 4 H
HTHRTFEI V2X RGeS TR
Y55y S D W %) A BT VAR B B A L U T
3 UE R O B A L R I N AR
V2X F Gl A e EL ISP U R | 1 R
MR LIRS A — A ] [ A R Pk . S FTA
FER A FRALGE A5 B T T, 20T B V2X 3F
B A7 A g B R | ) A AR R
MH R, RECEAE" 5 PR A RS G —
FINRAALAER

TG, 3B A A A SE R S B A R A A S
WAL KT PR . TEE SR A AR A
W B I SE 4 TCAR B U RS | i 28 B R
4 N BB AR AL A (5 B W75 A RRIE . IXROR
5632 I % 1 55 A AR R A 3AEBOHE T Ui B
W ARAE AR fE S804 U TR, ] RES |
AR LB PR A LA RSSO ER
SN2 T 2R G R A I A R o

AR 54 B G R I R AR R R .
A 55 1) 38 A SR L S KA AR 18 25 it s B AL AR
Sk BV AT R U AR AT 55 (R R . SR,
XFF AR AR 5, AN [R5 B L AR B E % 5o
I, S Bl P4 DX sl ) S A 8 B ek 4l o/,
IO E A5 W BE g e DR . R, Gnfer A A DA
BAT: 55 585 g S 1 3 280 £ B I R R 0 BC AL

], S B RSt ™ 21 PR i e A R —A
ity L2 2 LAl

H e, THI i) P 2R 28 G0 04 PRR AR 45 9EE 3R Bk A30F )
W — PG A R AR TR R G758
P SRR e 2 S AR DAy P B 5 ) — 0 S 3 £ S 8
S A5 A AR Y BT RO 94 10 18 i 2% ik 22 ) 37 Sk
Ao LR A S AN S8 B S (] b 2, 3
it A — 5 B IR B T E 7, AAMES T 15 51 AR
JERBONE o 3 AR T 2 4 DR 2 M A A R R Y
JI L R A T R TS T AR B e s T
0 B K

25 LRIk A5 5 AR A TR RS R AR R V2X
T8 A A R S BT 1) o 41 S0 A TR 19 A
SRS 5 A AT 55 5 i) A E £ DM SLAS DR it
L, R AR 1 B0 A fE R T RE s
T PERE V2X REEMY L Z i o

7 & i

AR SCHEISE = B BB 25 b 2R 42 14 B3l A ol m)
Z G T T () REJREAR | 4R K V2X PR
R85 A B AR B R o B X R JRE A 22
38 152 = Il ok B LA, AR SCTE5 5 SCAR AR A
N5 AR B A B K R GRS A 1 3 S HoAR ik
117 2G0T A T S S A HR Y
JRE R RSN A S, 7R T AR R AT SCRRIR N
WIIE G 55 2 G A J5 1 4t v o A UL R0 Y fE
J1, HERTHRE R IE BR A S AN PSS AR T $ 4 1 RT
Frigae , I S R LA v B fE e e K5l 1 21
BLE T RN 7R SR R A T I, AR SC R
T S SO S S W A R IRl e Z RS SRS
YRl B AR TR, I3 M Tk 85 1 A ORAIE A B 5 P
YRR L —EUE A RTSE &, dnfr g RN RSl B
PETHRNERNZ AL BE 1 L R GeRs i . fE V2X B
[ SRR A R, AR SCHEBE 1 2 T BB Y Y
HE T 18 T o S0 Tk W ) B A A Tk R T
W5 XA AR T % R T AR 2 RE AR
AR AR AR RN S 7 50 2 R B, D B
SRR TN AL 4 P B0 R GE PR A T R S Y K
o SCHE o B iR R 1 Rl P ) A, A S A
T ZJZUPFNAEZE A5 Al pF I O TR Seit
FEHR 5 AT AT 3 M) VBRI =~ 3R B A Bl



XHE,
$31% /5 68 /2026 £6 A

E=H, £—, Bz8, 88—

, WE, e, B¥E, BFF, EXK
EF’JI—; MEs E’J BEREERREN: HE, RES5IFNLGRE

(FE WA HE bR 5 47 55/ 00 B R 22 8 A ) LA KA 34
RIS 22 RE T HE R R T R R TR HLS TR
SRR B A VIR R O A RS A G A A 2k
FARHE T IPVESCHE . A AR SOR SR S 4l AR A T
77 BB O B R N V2X 37 5 B B AR
WO AE R T 2% . i ik W, 2 U
TEANFEISEEAR A . A S K2 = T2
PRZS — B e R G AR M 7 T &A% T DR
e R B Bk AR SRS TR | e SR R P BR B T
S ft T AT RS BRI S P O M AT T 4 L
o O RO AR A R B T B S S,
AR RE AR B AR 0V 2X PR R BAR 11
JESAL T H S )T 4R
it AP EE %»@%/ %L B AL %
P EREBRBEE ZE LR 244N hups//
www.csig.org.cn/16/201612/49320.html

2 % 3k (References)

Alahi A, Goel K, Ramanathan V, Robicquet A, Li F F and Savarese S.
2016. Social LSTM: human trajectory prediction in crowded
spaces//Proceedings of 2016 IEEE Conference on Computer Vision
and Pattern Recognition. Las Vegas, USA: IEEE: 961-971 [DOI:
10.1109/CVPR.2016.110]

Bansal M, Krizhevsky A and Ogale A. 2018. ChauffeurNet: learning to
drive by imitating the best and synthesizing the worst [ EB/OL].
[2025-12-20]. https:/arxiv.org/pdf/1812.03079.pdf

Bernardin K and Stiefelhagen R. 2008. Evaluating multiple object track-
ing performance: the CLEAR MOT metrics. EURASIP Journal on
Image and Video Processing, 2008: #246309 [DOI: 10.1155/
2008/246309 ]

Binkowski M, Sutherland D J, Arbel M and Gretton A. 2018. Demystify-
ing MMD GANs//Proceedings of the 6th International Conference
on Learning Representations. Vancouver, Canada: Curran Associ-
ates Inc.: 4783-4818

Bradley R A and Terry M E. 1952. Rank analysis of incomplete block
designs: 1. The method of paired comparisons. Biometrika, 39 (3/
4): 324-345 [DOI: 10.2307/2334029 ]

Brock A, Donahue J and Simonyan K. 2019. Large scale GAN training
for high fidelity natural image synthesis [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/1809.11096.pdf

Caesar H, Bankiti V, Lang A H, Vora S, Liong V E, Xu Q, et al.
2020. nuScenes: a multimodal dataset for autonomous driving//Pro-
ceedings of 2020 IEEE/CVFE Conference on Computer Vision and
Pattern Recognition. Seattle, USA: IEEE: 11618-11628 [DOI:

10.1109/CVPR42600.2020.01164 |

Carreira J and Zisserman A. 2017. Quo vadis, action recognition? A
new model and the Kinetics dataset//Proceedings of 2017 IEEE
Conference on Computer Vision and Pattern Recognition (CVPR).
Honolulu, USA : IEEE : 4724-4733 [ DOI: 10.1109/CVPR.2017.502 ]

Chen K, Xie E Z, Chen Z, Wang Y B, Hong L Q, Li Z G, et al. 2024.
GeoDiffusion: text-prompted geometric control for object detection
data generation [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2306.04607.pdf

Cordts M, Omran M, Ramos S, Rehfeld T, Enzweiler M, Benenson R,
et al. 2016. The Cityscapes dataset for semantic urban scene under-
standing//Proceedings of 2016 IEEE Conference on Computer
Vision and Pattern Recognition. Las Vegas, USA: IEEE: 3213-
3223 [DOI: 10.1109/CVPR.2016.350]

Défossez A, Mazaré L, Orsini M, Royer A, Pérez P, Jégou H, et al.
2024. Moshi: a speech-text foundation model for real-time dialogue
[EB/OL]. [2025-12-20]. https://arxiv.org/pdf/2410.00037.pdf

Deng J, Dong W, Socher R, Li L J, Li K and Fei-Fei L. 2009. Ima-
geNet: a large-scale hierarchical image database//Proceedings of
2009 IEEE Conference on Computer Vision and Pattern Recogni-
tion. Miami, USA: IEEE: 248-255 [DOI: 10.1109/CVPR.2009.
5206848 |

Dwork C and Roth A. 2014. The algorithmic foundations of differential
privacy. Foundations and Trends® in Theoretical Computer Sci-
ence, 9(3/4): 211-487 [ DOI: 10.1561/0400000042 |

Fang Q K, Guo ST, Zhou Y, Ma Z R, Zhang S L and Feng Y. 2025.
Llama-Omni: seamless speech interaction with large language mod-
els [EB/OL]. [2025-12-20]. https:/arxiv.org/pdf/2409.06666.pdf

GaoHA, GaoM ], LiJJ, Li WY, Zhi R, Tang H, et al. 2024. SCP-
Diff: spatial-categorical joint prior for diffusion based semantic
image synthesis//Proceedings of the 18th European Conference on
Computer Vision. Milan, Italy: Springer: 37-54 [DOI: 10.1007/
978-3-031-73411-3_3 ]

GaoRY, Chen K, LiZ H, Hong L. Q, Li Z G and Xu Q. 2025b. Magic-
Drive3D: controllable 3D generation for any-view rendering in
street scenes [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2405.14475.pdf

Gao R'Y, Chen K, Xiao B, Hong L. Q, Li Z G and Xu Q. 2025c.
MagicDrive-V2: high-resolution long video generation for autono-
mous driving with adaptive control/Proceedings of 2025 IEEE/CVF
International Conference on Computer Vision. Hawai’ I, USA:
IEEE: 28135-28144

Gao R'Y, Chen K, Xie EZ, Hong L Q, Li Z G, Yeung D Y, et al.
2023. MagicDrive: street view generation with diverse 3D geometry
control//Proceedings of 2023 International Conference on Learning
Representations (ICLR). [s.1.]: [s.n.]

Goodfellow I, Pouget-Abadie J, Mirza M, Xu B, Warde-Farley D,

Ozair S, et al. 2020. Generative adversarial networks. Communica-

2011


https://www.csig.org.cn/16/201612/49320.html

2012

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

tions of the ACM, 63(11): 139-144 [DOI: 10.1145/3422622 ]

Guo A, Gao XY, Fang C R, Tian H X, Sun W S, Mu Y Z, et al. 2025.
Generate realistic test scenes for V2X communication systems [ EB/
OL]J. [2025-12-20]. https://arxiv.org/pdf/2506.07419.pdf

Guo C, Zou S H, Zuo X X, Wang S, Ji W, Li X Y and Cheng L. 2022.
Generating diverse and natural 3D human motions from text//Pro-
ceedings of 2022 IEEE/CVFE Conference on Computer Vision and
Pattern Recognition. New Orleans, USA: IEEE:5152-5161[DOI:
10.1109/CVPR52688.2022.00509 |

Hassid M, Remez T, Nguyen T A, Gat I, Conneau A, Kreuk F, et al.
2023. Textually pretrained speech language models//Proceedings of
the 37th International Conference on Neural Information Processing
Systems. New Orleans, USA: Curran Associates Inc.: 63483-
63501

Heusel M, Ramsauer H, Unterthiner T, Nessler B and Hochreiter S.
2018. GANs trained by a two time-scale update rule converge to a
local Nash equilibrium [EB/OL]. [2025-12-20].
https://arxiv.org/pdf/1706.08500.pdf

Hintze J L and Nelson R D. 1998. Violin plots: a box plot-density trace
synergism. The American Statistician, 52(2): 181-184 [DOI: 10.
1080/00031305.1998.10480559 ]

Holden D, Komura T and Saito J. 2017. Phase-functioned neural net-
works for character control. ACM Transactions on Graphics
(TOG), 36(4): #42 [DOI: 10.1145/3072959.3073663

Hu A, Russell L, Yeo H, Murez Z, Fedoseev G, Kendall A, et al.
2023. GAIA-1: a generative world model for autonomous driving
[EB/OL]. [2025-12-20]. https://arxiv.org/pdf/2309.17080.pdf

Hu E J, Shen Y L, Wallis P, Allen-Zhu Z, Li Y Z, Wang S A, et al.
2021. LoRA: low-rank adaptation of large language models [ EB/
OL]. [2025-12-20]. https://arxiv.org/pdf/2106.09685.pdf

Huang BY, Wen Y Q, Zhao Y C, Hu Y S, Liu Y F, Jia I, et al. 2025.
SubjectDrive: scaling generative data in autonomous driving via
subject control//Proceedings of the 39th AAAI Conference on Artifi-
cial Intelligence. Philadelphia, USA: AAAI: 3617-3625 [DOI:
10.1609/aaai.v39i4.32376 |

Isola P, ZhuJ Y, Zhou T H and Efros A A. 2017. Image-to-image trans-
lation with conditional adversarial networks//Proceedings of 2017
IEEE Conference on Computer Vision and Pattern Recognition
(CVPR). Honolulu, USA: IEEE: 5967-5976 [DOI: 10.1109/
CVPR.2017.632]

Jagtap A D, Song R, Sadashivaiah S T and Festag A. 2025. V2X-
Gaussians: Gaussian splatting for multi-agent cooperative dynamic
scene reconstruction//2025 IEEE Intelligent Vehicles Symposium.
Cluj-Napoca, Romania: IEEE: 1033-1039 [DOI: 10.1109/
1V64158.2025.11097436 |

Jia X S, Yang Z J, Li Q F, Zhang Z Y and Yan J C. 2024.
Bench2Drive: towards multi-ability benchmarking of closed-loop

end-to-end autonomous driving//Proceedings of the 38th Interna-

tional Conference on Neural Information Processing Systems. Van-
couver, Canada: Curran Associates Inc.: 819-844 [DOI: 10.
52202/079017-0025 ]

Karras T, Aittala M, Laine S, Hiirkonen E, Hellsten J, Lehtinen J,
et al. 2021. Alias-free generative adversarial networks//Proceedings
of the 35th International Conference on Neural Information Process-
ing Systems. Online: Curran Associates Inc.: 852-863

Karras T, Laine S and Aila T. 2019. A style-based generator architec-
ture for generative adversarial networks//Proceedings of 2019 IEEE/
CVF Conference on Computer Vision and Pattern Recognition
(CVPR). Long Beach, USA: IEEE: 4396-4405 [DOI: 10.1109/
CVPR.2019.00453 ]

Karras T, Laine S, Aittala M, Hellsten J, Lehtinen J and Aila T. 2020.
Analyzing and improving the image quality of StyleGAN//Proceed-
ings of 2020 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition (CVPR). Seattle, USA: IEEE: 8107-8116
[DOT: 10.1109/cvprd2600.2020.00813 ]

Kim S W, Philion J, Torralba A and Fidler S. 2021. DriveGAN:
towards a controllable high-quality neural simulation//Proceedings
of 2021 IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Nashville, USA: IEEE: 5816-5825 [DOI: 10.1109/
CVPR46437.2021.00576 ]

Lakhotia K, Kharitonov E, Hsu W N, Adi Y, Polyak A, Bolte B, et al.
2021. On generative spoken language modeling from raw audio.
Transactions of the Association for Computational Linguistics, 9:
1336-1354 [ DOI: 10.1162/tacl_a_00430]

Le H, Pino J, Wang C H, Gu J T, Schwab D and Besacier L. 2020.
Dual-decoder transformer for joint automatic speech recognition
and multilingual speech translation//Proceedings of the 28th Inter-
national Conference on Computational Linguistics. Barcelona,
Spain (Online) : International Committee on Computational Lin-
guistics: 3520-3533 [ DOI: 10.18653/V1/2020.COLING-MAIN.314 ]

LiBH, MaZ, DuD L, Peng BR, LiangZ J, Liu Z Q, et al. 2025a.
OmniNWM: omniscient driving navigation world models [ EB/OL ].
[2025-12-20]. https://arxiv.org/pdf/2510.18313.pdf

LiD Q, Ling H, Kim S W, Kreis K, Fidler S and Torralba A. 2022a.
BigDatasetGAN: synthesizing ImageNet with pixel-wise annota-
tions//Proceedings of 2022 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. New Orleans, USA: IEEE: 21298-
21308 [DOI: 10.1109/CVPR52688.2022.02064 ]

LiHT, Yang Z, Qian Z Z, Zhao G P, Huang Y Q, Yu J, et al. 2025b.
DualDiff: dual-branch diffusion model for autonomous driving with
semantic fusion//Proceedings of 2025 IEEE International Confer-
ence on Robotics and Automation (ICRA 2025). Atlanta, USA:
IEEE: 13312-13319 [DOI: 10.1109/ICRA55743.2025.11128068 ]

Li X F, Zhang Y F and Ye X Q. 2025¢. DrivingDiffusion: layout-guided
multi-view driving scenarios video generation with latent diffusion

model//Proceedings of the 18th European Conference on Computer



B, =R, £—, HZB

$31% /5 68 /2026 £6 A

8, B—, K&, T8, B¥E, BFF, IXK
HESNEENZBEIBEREN: B8, RE5TUGIR

Vision. Milan, Italy: Springer: 469-485 [DOI: 10.1007/978-3-
031-73229-4_27]

LiYH, LuHT, WuQY, MuF Z, Yang J W, Gao J F, et al. 2023.
GLIGEN: open-set grounded text-to-image generation//Proceedings
of 2023 IEEE/CVFE Conference on Computer Vision and Pattern
Recognition. Vancouver, Canada: IEEE: 22511-22521 [DOI: 10.
1109/CVPR52729.2023.02156

LiYM, MaDK, AnZ Y, Wang Z X, Zhong Y Q, Chen S H, et al.
2022b. V2X-Sim: multi-agent collaborative perception dataset and
benchmark for autonomous driving. IEEE Robotics and Automation
Letters, 7(4): 10914-10921 [ DOI: 10.1109/LRA.2022.3192802 |

Likert R. 1932. A technique for the measurement of attitudes. Archives
of Psychology, (140): 1-55

Lin T 'Y, Maire M, Belongie S, Hays J, Perona P, Ramanan D, et al.
2014. Microsoft COCO: common objects in context//Proceedings of
the 13th European Conference on Computer Vision. Zurich, Swit-
zerland: Springer: 740-755 [DOI: 10.1007/978-3-319-10602-
1.48]

LiuJ F, Zhang T Y, Zhong F Z, Yue P, Liu A S and Liu X L. 2025. A
survey of safety evaluation data generation techniques for autono-
mous driving. Journal of Image and Graphics, 30(11) : 3413-3437
(XL, skREZ, Bho7hs, MG, XISCA2, X . 2025, Tl
F 3025 B 22 A PPN B A R EOR 538 . T R IRDE 4R,
30(11): 3413-3437) [DOI: 10.11834/jig.250181 ]

LuY F, Ren X C, Yang ] W, Shen T C, Wu Z ], Gao J, et al. 2025.
InfiniCube: unbounded and controllable dynamic 3D driving scene
generation with world-guided video models//Proceedings of 2025
IEEE/CVF International Conference on Computer Vision. Hono-
lulu, USA: IEEE: 27272-27283

McGill R, Tukey J] W and Larsen W A. 1978. Variations of box plots.
The American Statistician, 32(1) : 12-16[ DOI: 10.1080/00031305.
1978.10479236 |

Mokady R, Hertz A, Aberman K, Pritch Y and Cohen-Or D. 2023. Null-
text inversion for editing real images using guided diffusion models//
Proceedings of 2023 IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR). Vancouver, Canada: IEEE:
6038-6047 [ DOI: 10.1109/cvpr52729.2023.00585 |

Nguyen Q, Vu T, Tran A and Nguyen K. 2023. Dataset diffusion:
diffusion-based synthetic dataset generation for pixel-level semantic
segmentation//Proceedings of the 37th International Conference on
Neural Information Processing Systems. New Orleans, USA: Cur-
ran Associates Inc.: 76872-76892

Nguyen T A, Muller B, Yu B K, Costa-Jussa M R, Elbayad M, Popuri
S, et al. 2024. Spirit LM: interleaved spoken and written language
model [EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2402.05755.pdf

Pan T Y, Jeon S, Fan M D, Yoo J, Feng Z Y, Campbell M, et al.

2025. Transfer your perspective: controllable 3D generation from

any viewpoint in a driving scene//Proceedings of 2025 IEEE/CVF
Conference on Computer Vision and Pattern Recognition. Nash-
ville, USA: IEEE: 12027-12036 [DOI: 10.1109/CVPR52734.
2025.01123]

Park J H, Jo K and Baik S. 2025. SeeDiff: off-the-shelf seeded mask
generation from diffusion models//Proceedings of the 39th AAAIL
Conference on Artificial Intelligence. Philadelphia, USA: AAAI:
6406-6415 [ DOI: 10.1609/aaai.v39i6.32686 |

Qi CR, SuH, Mo K C and Guibas L J. 2017. PointNet: deep learning
on point sets for 3D classification and segmentation//Proceedings of
2017 IEEE Conference on Computer Vision and Pattern Recogni-
tion (CVPR). Honolulu, USA: IEEE: 77-85 [DOI: 10.1109/
CVPR.2017.16]

Radford A, Kim J W, Hallacy C, Ramesh A, Goh G, Agarwal S, et al.
2021. Learning transferable visual models from natural language
supervision//Proceedings of the 38th International Conference on
Machine Learning. Virtually: PMLR: 8748-8763

Radford A, Kim J W, Xu T, Brockman G, McLeavey C and Sutskever
1. 2023. Robust speech recognition via large-scale weak supervi-
sion//Proceedings of the 40th International Conference on Machine
Learning. Honolulu, USA: JMLR.org: 28492-28518

Rodgers J L and Nicewander W A. 1988. Thirteen ways to look at the cor-
relation coefficient. The American Statistician, 42 (1) : 59-66[ DOI:
10.1080/00031305.1988.10475524 |

Rombach R, Blattmann A, Lorenz D, Esser P and Ommer B. 2022.
High-resolution image synthesis with latent diffusion models//Pro-
ceedings of 2022 IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR). New Orleans, USA: IEEE: 10674-
10685 [ DOI: 10.1109/CVPR52688.2022.01042 ]

Routray S K. 2024. Visualization and visual analytics in autonomous
driving. IEEE Computer Graphics and Applications, 44 (3) : 43-53
[DOI:10.1109/MCG.2024.3381450 ]

Rubenstein P K, Asawaroengchai C, Nguyen D D, Bapna A, Borsos Z,
de Chaumont Quitry F, et al. 2023. AudioPalLM: a large language
model that can speak and listen [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2306.12925.pdf

Shu D, Park S W and Kwon J. 2019. 3D point cloud generative adver-
sarial network based on tree structured graph convolutions//Pro-
ceedings of 2019 IEEE/CVF International Conference on Computer
Vision. Seoul, Korea (South): IEEE: 3858-3867 [ DOI: 10.1109/
1CCV.2019.00396 ]

Song ] M, Meng C L and Ermon S. 2022. Denoising diffusion implicit
models [EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2010.02502.pdf

SongZH, HeZM, LiX Y, MaQ M, Ming R B, Mao Z Q, Pei H X,
Peng L H, HuJ M, Yao D Y and Zhang Y. 2024. Synthetic datas-
ets for autonomous driving: a survey. IEEE Transactions on Intelli-

gent Vehicles,9(1):1847-1864[ DOI: 10.1109/T1V.2023.3331024 ]

2013



2014

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

Stephens M A. 1974. EDF statistics for goodness of fit and some compari-
sons. Journal of the American Statistical Association,69(347) :730-
737[DO1:10.1080/01621459.1974.10480196 |

Sun P, Kretzschmar H, Dotiwalla X, Chouard A, Patnaik V, Tsui P,
et al. 2020. Scalability in perception for autonomous driving:
Waymo open dataset//Proceedings of 2020 IEEE/CVF Conference
on Computer Vision and Pattern Recognition. Seattle, USA: IEEE:
2443-2451 [ DOI: 10.1109/CVPR42600.2020.00252 ]

Sun W and Wu T F. 2019. Image synthesis from reconfigurable layout
and style//Proceedings of 2019 IEEE/CVF International Conference
on Computer Vision. Seoul, Korea (South) : IEEE: 10530-10539
[DOI: 10.1109/1CCV.2019.01063

Sushko V, Schénfeld E, Zhang D, Gall J, Schiele B and Khoreva A.
2020. 3D noise and adversarial supervision is all you need for multi-
modal semantic image synthesis//Proceedings of 2020 European
Conference on Computer Vision. Glasgow, UK: Springer: 554-558
[DOI: 10.1007/978-3-030-65414-6_39 ]

Szegedy C, Vanhoucke V, loffe S, Shlens J and Wojna Z. 2016.
Rethinking the Inception architecture for computer vision//Proceed-
ings of 2016 IEEE Conference on Computer Vision and Pattern Rec-
ognition (CVPR). Las Vegas, USA: IEEE: 2818-2826 [DOI: 10.
1109/CVPR.2016.308 ]

Tang H, Yu S 'Y, Pang J and Zhang B F. 2025. A training-free synthetic
data selection method for semantic segmentation//Proceedings of
the 39th AAAT Conference on Artificial Intelligence. Philadelphia,
USA: AAAIL: 7229-7237 [ DOI: 10.1609/aaai.v39i7.32777 ]

Tevet G, Raab S, Gordon B, Shafir Y, Cohen-Or D and Bermano A H.
2022. Motion diffusion model (MDM) : generating human motions
with diffusion models//Proceedings of 2022 International Confer-
ence on Learning Representations (ICLR). [s..]: [s.n.]

Unterthiner T, van Steenkiste S, Kurach K, Marinier R, Michalski M
and Gelly S. 2019. Towards accurate generative models of video: a
new metric and challenges [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/1812.01717.pdf

Wang T C, LiuM Y, ZhuJ Y, Tao A, Kautz J and Catanzaro B. 2018.
High-resolution image synthesis and semantic manipulation with
conditional GANs//Proceedings of 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR). Salt Lake City,
USA: IEEE: 8798-8807 [ DOI: 10.1109/CVPR.2018.00917 ]

Wang W Z, Ma M C, Chen Y, Xia C Q, Liang Z B and Li J. 2025a.
FreeGen: bridging visual-linguistic discrepancies towards diffusion-
based pixel-level data synthesis/Proceedings of the 39th AAAI
Conference on Artificial Intelligence. Philadelphia, USA: AAAI:
7916-7924 [ DOI: 10.1609/aaai.v39i8.32853 |

Wang W Z, Zhao Y F, Ma M C, Liu M, Jiang Z L, Chen Y, et al.
2025b. FICGen: frequency-inspired contextual disentanglement for
layout-driven degraded image generation//Proceedings of 2025

IEEE/CVF International Conference on Computer Vision. Hawai’I,

USA: IEEE: 19097-19107.

Wang X D, Darrell T, Rambhatla S S, Girdhar R and Misra I. 2024a.
InstanceDiffusion: instance-level control for image generation//Pro-
ceedings of 2024 TEEE/CVF Conference on Computer Vision and
Pattern Recognition. Seattle, USA: IEEE: 6232-6242 [DOI: 10.
1109/CVPR52733.2024.00596 |

Wang X F, Zhu Z, Huang G, Chen X Z, Zhu J G and Lu J W. 2025c.
DriveDreamer: towards real-world-drive world models for autono-
mous driving//Proceedings of the 18th European Conference on
Computer Vision. Milan, Italy: Springer: 55-72 [DOI: 10.1007/
978-3-031-73195-2_4]

Wang X F, Zhu Z, Huang G, Wang BY, Chen X Z and Lu J W. 2024b.
WorldDreamer: towards general world models for video generation
via predicting masked tokens [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2401.09985.pdf

Wang Y Q, He J W, Fan L, Li H X, Chen Y T and Zhang Z X. 2024c.
Driving into the future: multiview visual forecasting and planning
with world model for autonomous driving//Proceedings of 2024
IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion. Seattle, USA: IEEE: 14749-14759 [DOI: 10.1109/
CVPR52733.2024.01397]

Wang Z, Bovik A C, Sheikh H R and Simoncelli E P. 2004. Image qual-
ity assessment: from error visibility to structural similarity. IEEE
Transactions on Image Processing, 13(4) : 600-612[ DOI; 10.1109/
TIP.2003.819861 |

Wen Y Q, Zhao Y C, Liu Y F, Jia ', Wang Y H, Luo C, et al. 2024.
Panacea: panoramic and controllable video generation for autono-
mous driving//Proceedings of 2024 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. Seattle, USA: IEEE: 6902-
6912[ DOI: 10.1109/CVPR52733.2024.00659 ]

Wilk M B and Gnanadesikan R. 1968. Probability plotting methods for
the analysis for the analysis of data. Biometrika, 55 (1) : 1-17
[DOI: 10.1093/biomet/55.1.1 ]

Wu W J, Zhao Y Z, Chen H, Gu Y C, Zhao R, He Y F, et al. 2023a.
DatasetDM: synthesizing data with perception annotations using
diffusion models//Proceedings of the 37th International Conference
on Neural Information Processing Systems. New Orleans, USA:
Curran Associates Inc.: 54683-54695

Wu W J, Zhao Y Z, Shou M Z, Zhou H and Shen C H. 2023b. Diffu-
Mask: synthesizing images with pixel-level annotations for seman-
tic segmentation using diffusion models//Proceedings of 2023 IEEE/
CVF International Conference on Computer Vision. Paris, France:
IEEE: 1206-1217 [DOI: 10.1109/ICCV51070.2023.00117 ]

Xiang H, Xu R S, Xia X, Zheng Z L, Zhou B L and Ma J Q. 2023.
V2XP-ASG: generating adversarial scenes for vehicle-to-everything
perception//Proceedings of 2023 IEEE International Conference on
Robotics and Automation. London, United Kingdom: IEEE: 3584-
3591 [DOI: 10.1109/ICRA48891.2023.10161384 ]



B, =R, £—, HZB

$31% /5 68 /2026 £6 A

8, B—, K&, T8, B¥E, BFF, IXK
HESNEENZBEIBEREN: B8, RE5TUGIR

Xie Z F and Wu C Q. 2024. Mini-Omni: language models can hear, talk
while thinking in streaming [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2408.16725.pdf

XuHR, Zhang SN, Li P S, Ye B J, Chen X X, Gao H A, et al. 2025.
Cruise: cooperative reconstruction and editing in V2X scenarios
using Gaussian splatting//Proceedings of 2025 IEEE/RS] Interna-
tional Conference on Intelligent Robots and Systems, IEEE, 2025:
12518-12525 [ DOI: 10.1109/IR0S60139.2025.11246201 |

Xu R S, Xia X, Li J L, Li H Z, Zhang S, Tu Z Z, et al. 2023.
V2V4Real: a real-world large-scale dataset for vehicle-to-vehicle
cooperative perception//Proceedings of 2023 IEEE/CVE Conference
on Computer Vision and Pattern Recognition. Vancouver, Canada:
IEEE: 13712-13722 [DOI: 10.1109/CVPR52729.2023.01318 |

Xu R S, Xiang H, Xia X, Han X, Li J L and Ma J Q. 2022. OPV2V:
an open benchmark dataset and fusion pipeline for perception with
vehicle-to-vehicle communication//Proceedings of 2022 Interna-
tional Conference on Robotics and Automation. Philadelphia, USA:
IEEE: 2583-2589 [ DOI: 10.1109/1CRA46639.2022.9812038 |

Yang J, ChenJJ, YinZ Y, Chen S, Wang Y X, Guo Y R, et al. 2025.
VehicleWorld: a highly integrated multi-device environment for
intelligent vehicle interaction//Proceedings of the Findings of the
Association for Computational Linguistics: EMNLP 2025. Suzhou,
China: ACL: 403-442 [ DOI: 10.18653/v1/2025.findings-emnlp.23 ]

Singhal A. 2001. Modern information retrieval: a brief overview. IEEE
Data Engineering Bulletin,24(4) :35-43

Swerdlow A, Xu R and Zhou B. 2024. Street-view image generation from
a bird’s-eye view layout. IEEE Robotics and Automation Letters,
9(4): 3578-3585 [DOI: 10.1109/LRA.2024.3368234 ]

Yang KR, MaE H, PengJ B, Guo Q, Lin D and Yu K C. 2023a. BEV-
Control: accurately controlling street-view elements with multi-
perspective consistency via BEV sketch layout [ EB/OL]. [2025-12-
20 ]. https://arxiv.org/pdf/2308.01661.pdf

Yang Z Y, Wang J F, Gan Z, Li L J, Lin K, Wu C F, et al. 2023b.
ReCo: region-controlled text-to-image generation//Proceedings of
2023 IEEE/CVF Conference on Computer Vision and Pattern Rec-
ognition. Vancouver, Canada: IEEE: 14246-14255 [DOI: 10.
1109/CVPR52729.2023.01369 |

Yi-Ge E and Shawn L. 2025. FlexDataset: crafting annotated dataset
generation for diverse applications//Proceedings of the 39th AAAL
Conference on Artificial Intelligence. Philadelphia, USA: AAAI:
9481-9489 [ DOI: 10.1609/aaai.v39i9.33027 |

Yoshihashi R, Otsuka Y, Doi K, Tanaka T and Kataoka H. 2024.
Exploring limits of diffusion-synthetic training with weakly super-
vised semantic segmentation//Proceedings of 2024 Asian Confer-
ence on Computer Vision. Hanoi, Vietnam, ACCV: 2300-2318

YuHB, LuoY Z, Shu M, Huo Y Y, YangZ B, Shi Y F, et al. 2022.
Dair-V2X: a large-scale dataset for vehicle-infrastructure coopera-

tive 3D object detection//Proceedings of 2022 IEEE/CVF Confer-

ence on Computer Vision and Pattern Recognition. New Orleans,
USA: IEEE: 21329-21338 [DOI: 10.1109/CVPR52688.2022.
02067 ]

Zhang D, Li S M, Zhang X, Zhan J, Wang P Y, Zhou Y Q, et al.
2023a. SpeechGPT: empowering large language models with intrin-
sic cross-modal conversational abilities//Findings of the Association
for Computational Linguistics: EMNLP 2023. Singapore, Singa-
pore: Association for Computational Linguistics: 15757-15773
[DOI: 10.18653/v1/2023.findings-emnlp.1055 |

Zhang D, Zhang X, Zhan J, Li S M, Zhou Y Q and Qiu X P. 2024.
SpeechGPT-Gen: scaling chain-of-information speech generation
[EB/OL]. [2025-12-20]. https://arxiv.org/pdf/2401.13527.pdf

Zhang J H, Sheng H L, Cai S J, Deng B, Liang Q, Li W, et al. 2025.
PerIDiff: controllable street view synthesis using perspective-layout
diffusion model//Proceedings of 2025 IEEE/CVF International Con-
ference on Computer Vision. Hawai’I, USA: IEEE: 26306-26315

Zhang . M, Rao A Y and Agrawala M. 2023b. Adding conditional con-
trol to text-to-image diffusion models//Proceedings of 2023 IEEE/
CVF International Conference on Computer Vision. Paris, France:
IEEE: 3813-3824 [DOI: 10.1109/ICCV51070.2023.00355 ]

Zhang Y X, Ling H, Gao J, Yin K X, Lafleche J F and Barriuso A.
2021a. DatasetGAN: efficient labeled data factory with minimal
human effort//Proceedings of 2021 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition. Nashville, USA: IEEE:
10140-10150 [ DOI: 10.1109/CVPR46437.2021.01001 ]

Zhao G S, Ni CJ, Wang X F, Zhu Z, Zhang X Y, Wang Y D, et al.
2024b. DriveDreamer4D : world models are effective data machines
for 4D driving scene representation [ EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2410.13571.pdf

Zhao G S, Wang X F, Zhu Z, Chen X Z, Huang G, Bao X Y, et al.
2024a. DriveDreamer-2: LLM-enhanced world models for diverse
driving video generation [EB/OL]. [2025-12-20].
https://arxiv.org/pdf/2403.06845.pdf

Zheng G C, Zhou X P, LiX W, Qi Z A, Shan Y and Li X. 2023. Lay-
outDiffusion: controllable diffusion model for layout-to-image gen-
eration//Proceedings of 2023 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Vancouver, Canada: IEEE:
22490-22499 [ DOI: 10.1109/CVPR52729.2023.02154 ]

Zheng W Z, Chen W L, Huang Y H, Zhang B R, Duan Y Q and Lu J
W. 2025. OccWorld: learning a 3D occupancy world model for
autonomous driving//Proceedings of the 18th European Conference
on Computer Vision. Milan, Italy: Springer: 55-72 [DOI: 10.
1007/978-3-031-72624-8_4 |

Zhou D W, Li Y, Ma F, Zhang X T and Yang Y. 2024. MIGC: mulii-
instance generation controller for text-to-image synthesis//Proceed-
ings of 2024 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Seattle, USA: IEEE: 6818-6828 [DOI: 10.
1109/CVPR52733.2024.00651 ]

2015



2016

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

Zhu J P, Shen Y J, Zhao D L and Zhou B L. 2020. In-domain GAN
inversion for real image editing//Proceedings of the 16th European
Conference on Computer Vision. Glasgow, UK: Springer: 592-608
[DOI:10. 1007/978-3-030-58520-4_35]

EEE N

RORE, 53, B, ERHTFE 5 1) B A B A S e 4y
B AEE AN T BB 5% 4. E-mail : yzhao@bjtu.edu.cn

L EGIESR B HAR, EEWTIE 510 A A A B
5. E-mail: jiali@buaa.edu.cn

B, B, WG 1) 8 2SR S O 2
P SCREAR TS AT R 70 AT AR KRB R RL PR3
E-mail : yjin@bjtu.edu.cn

Mol 5, 2%, EEOFET7 1 o B o B R AR A

I 2RSS A A N T e

E-mail : yunchao.wei@bjtu.edu.cn

B— U, Bz, FEENTETT AT R AL 2 RSN
RN A A RIS . E-mail : zhaoyf@buaa.edu.cn

T L, B HER, T R RS B B RE
E-mail : huizhangl @bjtu.edu.cn

FE P, RS LS R e AL
E-mail : xu.wang@bjtu.edu.cn

AR L RS, RIS T 0] R A B
E-mail : qumengxue@bjtu.edu.cn

T T LA, RIS TT 0] g AR A A I
P4l . E-mail : yuqiaozeng@bjtu.edu.cn

ESCR, B RS AR, RIS 5 18] S e N 2T 4 AR
594, E-mail:wz_wang@buaa.edu.cn



