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Fig. 1 Typical intelligent connected environment in CVIS
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Fig. 3 Key technologies and main research contents in CVIS

2.1 BAREFA

Tl SRR A 2 2 % P ) R e v AR ORI AL A
BfG B nyat . 2B AR Z Mg s (N5 .
PO IN . BARSL A ) X A5 S R RS A 7 J T



50 e BT OR ARk (B R A FOR)

o551 %

LA RS S 5 . B SRASSERAE S A B
SERHAR AL, E ARG 2R, RlE R
ARG S AN A A 3 DR SR AR At 04 i A K
P o %R0 T BRI N A B AR R S 5
Tl o A6 5 AR A R Rl Al 55 00
2.1.1 R4tk 2 5 3E

A B P TR JERORA R R T A — D) R
(C-V2X) B AL R AR Y . Bl ek P R) AR
F AR A% . ENSE A5 LA B A AL SR as I g . b
LG R, DASCEN ACl B EE 1 A s . R
TR GE B RESCIE R GE A AR . B IR S A 2 Xof
BEEE 2 Sux a8l I (ER Sy p7 (i 3D B 15T SN 1 1F:
FRNBGEIAEE . MHERZT, R RRLA A
REAEHAT RGeS B A A -, AT
PAETA A BEOERIR A . AR A LA S 56 KRB
PR, BB SR 440 ] L PR 58 ) v B S

A FE P RNERAMA R 5L G R RE S R 4t
FHLE, AR BRI UL B RESCIE B ZR G038
T AR A AR IR R A B OLE B, 2%
0 [ SRR A 25 DU 3 A R W ) B BN iR .
BB A DL B 56 KBRS X 4 4 ] ]
IRBE 0 R BE IR o B R i 48 E B HE IO R
Ik ZOKPEE ARG, AR A WAL HE 1%
JERESA A BB B BRI B (SR, X SRR
B PR T S A i AR T YT . K — 1A
R, REAT RN X i 28 38 PR 0 B e N 2 AR
NI AL A S PR R LR R, K4
JIR T 2 Wb R] il SRR ) AR R 24

B DM A

L] L]
U | [ scacsr |
i Xl | oz | 2 ] 08 b
® Al EL R

P4 2 g i [e] Rl TR R 2R 22 A

Fig. 4  Architecture of the fusion perception system in CVIS

TEE S MR MR b, Bl 5 07 8 — ]
IroN32E: HIELE . PREIEG FUSELS, s
PRONBR RS . FHEGR S ORI S ™ A
VRSB 0% 3 Rl 5 T b A7 725k, I As
TAMITMIES . Forb, RREGRELS Tk
FLAG DU | SRR D-S J5¥L 55 . X287
TR S B R AR TR AR AR, SRR AT

IIFTRE AL, RS R R BT R4 0T 5
TR, EYAFLE 2 W 2R AL AR s 2 ) BT Y il
BRI H BRI, ORI BE R . 35h, RIS
J& T 3MEE IR n s b B, HOSOAR IR B AR E
PR, FEOMREG TR NERSIETT, AT 4B )
[7] il %61 79 OBU 1 RSU %6 HE 47 46 il A SR
T ARG Rl -5 KD 4 07 6 8 B R R 2R AT VR il
Ho B, Kim 5§80t 7 — Mk K9 mA B,
T T K LB R 2 8 T S8 o S PR T e TR IR
DI BGHEATRG TH, e A2 HARRIIAE . 4K
[ 2351 PR AN NI A S R A S iny
MR E R, XA RE B H AR E A AE I A Y
R,

F—Jr T, AR PRI B R R L
i RF, DUMR IS B HERR PR s B v . ax st
Bt nT DUR T A el . BE 00T . AR AR |
38 LTI R G A A B A U R A S .
W, S RN R B A Y 4 O [ S AR AR R
B, BT DA A RN g Tk S Ak 7 R ) B S
£, IR IR AR TR A FAR B AR e, 42
4 PR R GE BRI A

BT, BN G T2 %5 PR A ¢
BOEHE 4, W Waymo Open. KITTI, ApolloScape
nuScenes Fl Lyft L5 5 #1022 5 78 42501 (A% 8%
A DURAE A v a0 A0 ) R S Y = 4
= BUR S YRR B4 SR, T 428G I
AETEIEPY X EL P i B AR, X FHAG
H 2285 RGE 0 5E B MGV o S T 5 4 b A
TEFEPREE, AT LU o B0 5 RN AS AR S AT SR
R b 70 B s A (ANAS 4R AR 24
ISR BELR . eAh, BRI A n] LIRS SR i 4=
MRS, EgRYS | BRI B AE(E R, JfE
1ot 2R P PR 2R 58 R 2 G i

SR, B Y B8 DN RE 2R G0 Jo ik AT 2 F
B RS P I s R T TR . ST, A
N7 e R )7 P R A R — TR AR, H
T T 5 4 i A o 5 2L O B SR AT AR -3 B =
2022 4F A H AR IR RE PO F S Be e A R A
B O A B 302 BB SR ——DAIR-V2X. %58
B Tl i 1) i A i R L AT AT T G v
% i A 4 5% PR ] 1 3D A LA K = D [)
SERHOCHFFE
2.1.2 @b R4z E AR

FE A S IREREA R g, (AR B 1)



510 1]

MEAE 45 R R R G OCHEEOR I S ot 51

TR R0 S B PR T G 1 22 A P R AT S A 2 2
BRERSEW ., RGBS AN A BRI
LR, PEm TR RGNS R AR, X
TSI 1 R A A R AR LR A R
o HET, ARG EN Tk FEABONE
IRFENL . WO B SRR R G e AL LA S5k
(VA

Horbr, BT HOCTE R E A H =4k = b &
AHOG TR BEAE AT T 40 a0 =4 A5
=M E RO R R E S Y VC R, W LA 4R
i o, RO R B R R EE AR
PR, AT LUAT SO0 R 45 Bl B AR AR, A,
Veronese 554 Hy T —F 5L MCL 3309 1) 22 57 J7
e, HE A BIREY/NT 30em, SO, 3
THOLTE B ARG B alG e A7 7 2ol O R Ik
Bt sy HhE, IER B AGSK B AR AL T AR X T
M BB Blan, Xu S5 2 T —Fp AR EME
5 =2 s L AE R AR, B 4R gk Al
AR EME 5 N 3D a5 2 i P B B R B A T 4T L
AR R E R B . A, TR EN
J5 2R — i 3 LR RSB K o G T =X
BI4n, Brubaker &5 "R H T — i S AL R B b
B 2 77, FIH OpenStreetMap 257 T — M
R, S TR RIS T RSB E £

S AR IERARAE H S B IR e e 1
KHEH, Bl TENSs 220, F5 T
o 265 A4 4 25 PR R B R, RO 4= A% Ikt A T
MAFAE—E MR RYE. B, b TS AR
T R AR, FRATE T B i R
HEgmfE B Gk, TR EmA N, 1
CRPE AR T, B4k b 2 L PR3 B A v L)
PEAE TR 0 RS BRTE BB OUE R, DT SE B
TR 1 R A0

2k RS B b T T LA o b T DCBC ) A
158 GPS LA A [RI R, AT 2 0K 1 b
MR b B THALEMKG R, BZ G Al
SR R G, 4 AR Ok B
AL BT, I &R G B 2R R LR
B, I AR SR TC R B 3 o R A A5
SEPLAL RS I AN SN AT BB, Ak, TEREER
FXI 718, kS B R R e A 328 3 ZE A AR A
BB OUE R, T B A AR A . FER4 M
B A 5 AHCE S, X ICik A S 7 B 217 X
g%, IR A MRS AR X TR, DA

EIRAAE L K NATHE

T 1% b P51 - 2R 46 A 45 b T 2R R e )
PIERr, ERTIEE M EIEE R, JHE R
HATERIN o MR 37 30 8 43 ok Bt b TR 40 b
Bl R b LA BDE B B s, TR Th
i 0 SR H DR BRI AR A EE A 5 52 2% 08 B
B, WMZ%E, 2 X OME I Xk, ) E5E B A
)RS T Eh B A B A i TR ik
TREEUG T SEBGE IEAR,, H ] BB 4R A
HERR YR  H SR O B NEE S H AR TBeN T A
EUR B IBGE B85 2. . A7 40 Carneiro 45 " H]
TR B 25 D0 28 S HE BT ZE 3 FE KPR 5 R BUC K
5T R E T AL E A OCHRE . h T AT IE K 5
L PERUGR N R AR S 2R 1], Bastani 5 42
BTGB, R A T 32 S U LS
B YR ZEA N 5% .

2.1.3 @mkean L)

B T 22 A SR A TE IR IR IR e ) L AEAE R R
P, BB AW ST SRR (UNE
L% WG LU ERE . MPRERR R ThA
TR R BRG] BEME LLAEAT PR A 6] Py A5 AE
PR, Ak, TEscilg s, B [ 3 i
ATREE] CMLSEE X7, Bang KA AR |
A B AR DL S g SR M B AT NS . ARk
XL, ERE R T 2 nT DA R
3 2 A BRI A W B S i R T SR T
AbEE I3 A R e 2 i A% i 45 L AR AR A T
N, DB ORIE B ACE 2 4 3k Z2 I8 B mil 5 S8R
TS A B T [ S M R NTE R st h i A
PERTAT SR

22 RS A fil B 1 AR S BB M X A A A
Bifn Bgi A b i . ANl o . Wit &R
GrERAN RN AEEE B, W BB AR i
2. BRSO R SR AR R
FAT BANZEA TN ETE & AR 0 15 0 DR e Aff
VAT 8. [RIRERL, 2GR 12 )2
T A AL B, Xk B 2 s & i BE 64T A
SR CHEAIA T AR RGN NAS . R etER
AIYEAP PR ST SR A AR I 2R, 4L P ) i 2 15
s Al AR R AR TT DL R o A 28 R SR
RA=

FFHZE B U R 9 22 USR5 SRR, R4 mT DA o
iy LRSI AU A58 A5 S o RS KT A I 5 PR Y
155, o3 (o AHHIVERE) B k2 3 1



52 R TR ¥ R (B & AF R

o551 %

MR BB H B, B0, Fernandes %%/ F H GPS %1
P FNLL KT A BB R U EUR i X, IR
LR 4 (CNN) ARIRBILLERAT RS . Hesh,
FH*Uﬁﬁiiﬁ"%%ﬂlEibkiﬁfuﬂqﬂiﬁl%iﬁTilﬁU AT
BLTROALRY Jr i, 30k S I P ARG I 4 3 A ) B
8, 2 LA GEE B 4 7 TR R AT EOp AR E . B,
Jensen % 0K YOLO I FH 1 LISA £dis &, M4 4d
LISA YIZRAERFSCHL T 90. 49% (ERIJE . A1, H
TR PR J3E 272 ] 1 J7 2 o 2 K By A A 28 1) 840
A5 T PR A RT ) HH OR B  e s e
PEmUREE S S ik iy vERE, JF st g . Bk 5

IHE 4 A5 (R AL
FEL- B PR P, RS D AR S AR S AR

LA R CEEW, AW, BTz ) 20 R4
L ORI AN Qe T 7S (VB S AN 2
WEFHR A% TR — AL BT AR . A LI
o FlE A S e AR S, IR CNN R AT R .
XA E LRGN, Gurghian 25606 1) 5 294 3148
BN 4325 IR, i CNIN SBT3 JoE KA EAG I
FﬂHT VFZ T U RIDG BE R AR 09 2 S A Al

S TR B AR AR 2, 7E T B A iR
BT, RS BER R Tz, R E
RE D BN, PR THAE R A HERTE . XT38
SCEAT KGN, R 22 KT N T A I 5 v S ) A
DR NG (R Z22, SR, Berriel 554
T R TR EE 2 ) B R GO A E R A A TR
ERFELE, JREHE 1 AT B HI T3 T 55 5y 0l
R, BEXTREE A A B AR A, AFTE A DLIE R
T HABSHA, g KA E A X, LU R E
ARSI AU 7k

Ry T A ORI E S B 8 S B Y
K, ARG R R I 5 340 T LA S 4 v A AR
I B T P RN SN 3 e A 22 U R TR
AR, ARG E SRSl AE R, AT
Fi VR A AT A
2.2 BRIAREA

2 BN I A X il B RS R AT A 3] 1) B
FTIRABRAR AR RS, ALHGFOINAT b PRI v i) E 0k
§3$H§§ﬁ¥ T HoAth 523 2 5 K AT LA KEAS AT

RERY AU FIBILSs . BB IH R IE Re e & 1) S i
ﬁﬂ FENEE R R LBt AS, S B FPR )
[Fi) 2 T B2 (A A ) PR 0 A AN L o R 01 2
WSS N B e R . s SRR A
Y ER TIPS 7 RIS

2.2.1 BRyTEM

FEFEONF Y FEA BOR 2 — SR A o T A
JARRAEE, LSRR ARG E s B, 2
I s R E S EA T, WA RS
FEY R Y o SO 3 RS HUI S5 . 31X
SEAT S5 IR A BRI B B s s P AN TR 2
R 2R R, DI ARAS XTI B A

iy s B 04 SR ARAT — e o B R B 7 5t
TR, XTEAFEGENITAIGE, WsEAE .
LS 5#H M HAE R RE . Menzel 55 26175t
TN R 3 HIZR R e & ik s n tihe
B — N2 X O ECFEE ) . s (kY
SHRYICER LR ) FIER Y 5 (kg 5 ny BAR
MERHE)

KHE S, AW AR S 2 G4 LR T 1
O, 38 H TR )RR LA 2 g ok A% vh AT BT R VS E
KR (35 . M3 1S0 26262, 375 (10 JXUKG: P 2 4R
P 5 HE R AT RE M N =2 77 A 16 7 R ™ R
KA. ERTE =T, KA e S 8aEFEMN
st X5t o TG 5, TS
ﬂmwmﬁzmmmﬁ@ h TR R ) K
5, VR AR YR 2 g s R
WA, XHEARME Y 5ot n] DLl AR Y 3 5t
R HATA A, Dl KPR BE H s 2 A DG B 37 55t
A o

B0 XS R T E S ATy R rh e % F B A
Ho ZEB& R 2 58 REAEAR I AN [R] 110 25 B XUk 3267 78
B8, A A M et . FEAERE A S
%hiﬁﬁ% 5O 5 Bk ) A L AT, 0k
K& 25 55 Al e S B el . R, s 2
I 225 g XA U R M T U A 45 A Ty, LAY
TR 20 XUk 1 SCARAS [R) A STk g A
AR, {38 R AR 2 Tl 1 o PR BT R A e bRk
11025, Blan, Murphey &5 42 H T — S J T 00 )
A, 8 ek — 2R 1) A R D00 R A [ R 1 W 25 Bl
(Wb Custy

ARG 02 B XS O ey, 25 Bl XURS 19 288
VRN B SGHE R T0E R, R ZECCER I AL
SANEGL SR, GEAER, BEE R Tl T
IRTEB I RASTEON iz I, B0 SR 2 i 2 Bl
KA U2 TS 3. BN, Constantinescu 5>
K TR AT eI 2=, T A T
SFPREIAY 25 382551 . Bolovinou %5 XA 4 1Y R b
TR RS AT AT TR, JF4 it TR T



510 1]

MEAE 45 R R R G OCHEEOR I S ot 53

iR SRR g WUAR A, T R BSR4
PO AR HIN . Yurtsever 57 FHHE X B b5
PEPOR TR ZS 3 53 ()25 BPRSAE , AR Je o R 32
I XAR B L o [RE, Sama 258 FH 55—~ H 3h
S L s I 4% P2 L T AN [) 18 B 2 AR 1 A R 2 g
FRAE o TR 3 XU TR 1) e ) e AR T — 2k
EfE, HSE AR T AR SR R AL A 2o 5
NI GRS A K B NS N S ) R L
PP E IR, SR AN A . A RO 1)
BEACH AL
2.2.2 H 3 SIEARALK

TEZEBE P RIPAGE T , 2 RE B A=A 1k b FH o
BEFNFMIELAR , FRIBON Y7 3 H AR 8 142 )
EPLAR, TR, R AR E R, Ha)
AR AR B AR . L, AR AR LRI TR 4 B D
[7] A A 55 R TR — R A A 5 ) SR 1)

ek, MR B R T AT B B A . FER S 44
AR EM B B, FHERGEET 2R
AL, R i o0 5 2 40 1 221 T 3k 1) 4 J I
o HUFERS, B4 EYNE S lE S, G
RGLREIRBUAN [ 42 B St T8 B 0he o X T4 g
IR AR A TOA TR TSR, il ndseiE | 28 S 22k
A BR AT, 40T DL3E BRI B R B A2 LK)
Bk, TR R N S B AR LRI, I s
Tt F o A B . B AT R, 7R 4
A AR LR e, 22 H AR AR TR 44
2P I L TR AR, HOrk T LR S 1%
Gi B RNLES 2 S ik o AE5) R R R R 2R
B MRS . AN TR R BE L 1k ik
5 MIHLER 2% 20 Jr ik ) 32 B 455 B B w2 20 3k |
SRALSE ST L AT AR RS L ST IR B S A
F1FIR.

K1 EREAR IR T e Bk s

Table 1  Advantages and disadvantages of vehicle path planning methods

AR AR o B
R & e B AL PSR SRS 1
oy ARIOL L B BT EL S SRR A e
” AT S S OB T L4 N
RERE R e Stk R 13 WS FE RS , 5 B AR RS R
I 3k SR 2 S A IR B B %gg%ﬁﬁ%W%ﬁmﬁmﬁ“%
T I 1 2% 5T RIEAL A W RN B 1 2 PR o
WBEIIE WM&L*ﬁﬁﬁ*%jggﬁgéﬁm%ﬁﬂifﬂﬁm% S
JAEI AR RS ERES PRI T 5 2 SRR MR 7 A 23 SR AR

TEARG T, R R IR A R R B AR
BEZAN, W T R shplas NS A Ll , JF
N T A s R, X AL RS A K
SRl PN SR L RN R S o I LS R 5
PN LA E SRR T A . WL R R
FEREEA SR . TSR . Dijkstra 5k A
AFFRSE ) XL A A RS S 75
PEPRAIE M5k T IR S R CR . IRE et &
FIT BEAL S 2o e S O R R s, Hfh Sk
TEENTH SRR LA Rk o LASh &5 A M3 Y
D*BEE N, R — Rl AR U Bk, R
EPNEE R ALy GENACR AL b7 - 2 <A |
W7 9 e T 2 i S IR A A R R R R 1
O, M TR SGEROCHEA TR, TF X LRk
IS UL R A= I S A VA =0 58 Py S A pii S U
T PP B ORI 3 ) B A 4 0 2 L2 (I P21 £ 8

AT B HUE R, AR T VX0 A R
B OLE R o i TR A A B H AR R f S A
R, U A B A B 30 A3 O BRI
FIRRATAL Y RS, RS RIS,
RIV ] SR FH SE AR Y R R A

2 (EVA R — M BTk, T AR e
HELEI B AT AR . DT IERE T A s B
WS, FHC M M0 EMEEER, ik
PR BN AU A T N AR, DT AR AT
TP EOR AP B . BRI, i AAm{E %
e AN KR DA R I ST G f s P |
BEAR KL, SRS AR {03 MK S A i [ A
BRI o I B A eI R O T A T gl
PREEANESR, W DL A AL 45 DL 28K i 40 B AR 2%
HHES-EC 8

NTHGE S —Fh e T Hr S fe I B Y B4



54 R TR ¥ R (B & AF R

o551 %

MRNTE . TENTE XSGl Ry —4
By, IR RG R F mRh B R e . S
JIk H RS HbrArE Z M #Aae, ok A 4240
SR IS s Z [m i #ae. eS| IR I
SO, R PR, R/ MBS
W5 AR E MRS 2 m S Fae. Hir, AT
PNREE A BE N T =000 JR AR B AR ALK, IR RENY
P24 2 B L

FEAR e e — BB E Y R R X 7
%, BHA MRS, TN T AR
PRAZALI , JF 48 F 4 Sy b LTS 2 40 3l e 114 e L i
o W LR IR MO | AREE AR A
WA . XS P R SRR R TR AT, Al
REARAMARES: > A B 2505 AR 0 Y 250k A
Wrek R R AR T 1]

SR, ARG BR AR R D7 i A TE — 2L 13
SO ARE T RENBCR, BRI 5
A FIANT 7 A S PRSI AT AR T — e Pk A
TR SRR, Ak, BESEE T IR IR ZR LA
Y INE R T R AR A b o, BN
I TE LA AR LRI vh A5 G E I, B —Fh
BETAT e RN SRk, T VAL 2 AT AR Ol
FHSE G IRl g7 A fifl . HFEEMHAET
AR fifE PR TR AN B A R . AR RS
MR RIS, Ross %P M EUIE R A
(DAgger) 1 k#1251 H o DAgger j&— i 3E TR
S EvE R I ik, (HRTRE Sl T g A3 )
N2 2] 2 () 22 [a] A B B8 o RO 7E 27 2 0% 52 3]
BRI o i Dok — ] 8, He %70 i — B4R T
DAgger by Coaching 8.9, i1 % & — 4~ 45 T 0K W
et o T Bk AE, BB WIS R HAR, X
A RN BARRETTECRA R, H—
Dagger J7 VA ITelitt . Zhang S5 HEH T SafeDAgger
B, % T DAgger MY AT TSGR I FRAK T X bR %
HERG P AR . 5 — 7, Hoque 22 T
ThriftyDAgger B, 42 1% 17 A 28X 34 A 1% O0 19 &2
Wto [FE, Yan S JoHh &3 5 F 09 AT 55
e TR GROT 5, S TR Rz AL g
TGN, DS TR R A T 1 A
BRI P R

SR S TE R PR AR R P B R B T R
W T RN AR E B B A 3 gk Pk
Ye 8540 i R T s RS AL T ¥, LA A 4 K
JE FEl A RS A, R e A AR AT B PR

ST SR, MSIF IRt 7~ 3R
W 3E R R, S5 5 By A ) FIR B 2 2] S5 7
2, TTREA IR A B iR 7 2. Wu 55 0
BpT o7~ SR B E PRI B BT R4 S, Tl A —
AT TTEERLA R DU R] 4
W5, EASBIR T DL b Je a5 5 AT 4
P VIS AR R IR . TR I ORI
PR, Huang%[%]ﬁi‘l‘T—ﬁ%ﬁﬁ/f, FEYNESE
B GIAR mAb d Jrkh, Al DR T kA
IS

SR, TCIR R AL GE R I H RS 27 ) 1l 2
SRAL ) AT RRCRAR . ke e EGaT
AR R RN, it E ks fita
RO DT 58 o AR D AT 9K 3 S A AR 5,
Chen %5 W74 T — >0 B i 1) AT L RIHESR , &
FIB T TR DTS, T A B s v B 2R
RN, BT X EE R B 0] (5, AN LA E 555
(B B IS T GRS . BEXT AR S
[, IS5 A Shgmbthas (VAE) FIA: T M 2%
(GAN) AT A2 18 55 B i) e AU 5 2 Ol b k4 7
o). XTI BRI (IR, SR AT Y
T, DB AR EL S8 5 b [ g 27 > S, I id i
IIHT LSS A FOR I E IR A DR . IR 2
DU, JFATRLRI T3 2 RERSAE TC s K T A4 1 155
OUT, MUh A BT . X TR AT R Y
e, Sl 7 BB S Rl a7~ i
PRI T LSS A R TR, fEAb P 2 ALK
[) R ELA 2
2.2.3 Fm3h ST K

SNSRI EAE R TR AR LR A BE R, AR
SRRl Ny e S NP B DY &S]
WA LSRR, M EWPCSEHRESE N —H
PSR E s L. X, RS B AL
EE | R FE DA 1) A ) pR AR, S TR B AR
SUEBEIMA T AR R 295, X2 S TRy
B S I O R G I B AN R 2R
i, RIAT SIS R ] b R B AL . AHBT
AR RIS A TG J 20 R T % 72 ] 24 o 2 ) L
fuf 2k, 030 LR AN Gl 220 W 5 I [A) R G 19 29 3R 2%
1, BRI B S M A w1

M, R RE I A i R R AR L RIE
T 00 RS0 A il oy % A2 IR 5 3 2 T B 7 o Bt
X R LR 2 by A A i s ) 2 TR Y
JUfizghith4e, 85 iZiz sl 2o AH v py 475k



510 1]

MEAE 45 R R R G OCHEEOR I S ot 55

BRRE MU E o BEXT PO AL B 2 PR AL, 428
I A B s R T 1 R o R T . R

e . BUEI A IR s >k A5, 07k
AR R NS 2 BT

K2 BRI T B R
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Fig. 5 Cooperative car-following scenario
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Fig. 6 Vehicle lane-changing decision scenario
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Research Progress on Key Technologies in the Cooperative Vehicle
Infrastructure System

LIN Hongyi' LIU Yang' LI Shen® QU Xiaobo'
(1. School of Vehicle and Mobility, Tsinghua University, Beijing 100084, China; 2. School of Civil Engineering, Tsinghua
University, Beijing 100084, China)

Abstract: With the steady growth of urban car ownership, the issue of traffic congestion is becoming increasingly
prominent, bringing great pressure to urban development. To respond effectively to this challenge, it is critical to de-
velop methods that can improve transport efficiency and reduce energy consumption. In current context, the
Cooperative Vehicle Infrastructure System (CVIS), an ideal solution for realizing green and intelligent transportation
systems, has become an important direction in both transportation research and practice. By integrating and opti-
mizing various traffic resources, CVIS not only enhances traffic efficiency and reduces energy consumption but also
provides key technical support for achieving “dual carbon” goals. This paper thoroughly analyzed the fundamental
concepts, research methodologies and application scenarios of CVIS, and delved into its four core technological
modules: fusion perception, driving cognition, autonomous decision-making, and cooperative control. The paper re-
viewed and summarized research achievements within these modules, ranging from traditional methods to the latest
in deep reinforcement learning techniques. It also explored the potential applications of these technologies and
methods for enhancing traffic efficiency, reducing energy consumption, and improving road safety. Finally, the pa-
per scrutinized numerous challenges that CVIS may encounter in practical applications, including the security of in-
formation transmission, system stability, and environmental complexity. To overcome these challenges, the paper
looked forward to the future development in four areas: developing datasets that integrate vehicle-side and roadside
information, enhancing the fusion accuracy of multi-source perception information, improving the real-time perfor-
mance and safety of CVIS, and optimizing multi-vehicle cooperative decision-making control methods under complex
conditions. As a result, this paper not only has important reference value for the advancement of CVIS technology,
but also provides important guidance for the future planning and construction of urban transportation systems.

Key words: cooperative vehicle infrastructure system; fusion perception; driving cognition; autonomous decision-

making; cooperative control



