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Study on Intelligent Management and Control of Urban Road
Network and Vehicle-Infrastructure Cooperative Technology
Based on BIM-GIS-IoT Integration
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[Abstract] To address issues in urban road networks such as frequent traffic congestion, delayed control responses, poor data inter-
action in vehicle-road collaboration, and insufficient adaptability to autonomous driving, this study constructs an integrated technical sy-
stem of ,,BIM-GIS - IoT integrated perception - intelligent traffic flow control - vehicle-road collaboration adaptation®. At the perception
layer, UAV inspection (0.1m resolution), [oT sensors (traffic flow detection accuracy >95%), and BIM-GIS 3D modeling are integrated
to achieve real-time monitoring of all elements of road network status. At the control layer, an improved Cellular Automaton (CA) model
is used to predict traffic flow evolution trends (prediction accuracy >90%), and combined with a dynamic signal timing algorithm, the
average road network speed during peak hours is increased by 22.5% and congestion duration is reduced by 35%. At the vehicle-road
collaboration layer, edge computing nodes (data transmission delay <50ms) and V2X (Vehicle-to-Everything) communication protocols
are developed to realize collaborative decision-making between autonomous vehicles and roadside devices, shortening the emergency
braking response time by 40%. Applied to a core road network in Nanjing (covering 15 intersections and 8km of arterial roads), one-
year operation data shows that the road network traffic efficiency is improved by 28% and the traffic accident rate is reduced by 32%,
providing technical support for the digital and intelligent upgrading of urban transportation.

[Keywords] Traffic Flow Theory; BIM-GIS-IoT Integration; Intelligent Monitoring; Vehicle-Infrastructure Cooperation (V2X);

Autonomous Driving Adaptation
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L1 WFRERSEX

BEE IR (LR IE, FREW TV FERE &
FEPHEK 8%-10%, 2024 F2EEHE IR X 5
U BTES 223N JE 25km/h, TS S A T
i GDP Y 2%-3%[1]. (4B ESHAEN THL
H5EEESEN, FESKOEAS: — RS
BEARRE, HafGRaREREmERE, HAE
IS MBAIRES; ZRERMEEE, B L
P (E S ROEEHERE 30 208, TEIESHAILAL RS
iR, ZRERBEARE, BEHERSEK
ML IEHE R HAERE 100ms, EaER F55]
KB [2].

BIM (EUSAZEAAD) . GIS GIFZERSR)
SYEMERRE S, R LR R At T H g
12 ——BIM 1Y = ZEEARRE ) IS5 X P A 5
GIS =3 [A AT DI RE SIS PP E R AEE , MK
IV B SI2 I R RN AR P S R AR I I B A e, = 5 4
B AR EEOR, aTAgE RN - ol -
- hET 2RAEREARR 3], K, FEET
BIM-GIS - VJEX W il & A3 7 % 0 25 RE S %8 5 R %
ARG, N R IE I . 2 T
EHEHEEHLE L.

1.2 ENAMAFEELIR

[ AME A B RE B I UG AP R, EE N
MNFFAE ] “Synchro-Greenshields” Z%t, JEId L
I AE R EAR S SR, (HE W@ TRCR R
18%[4]; FRUNTEZER& VM E 77 HiHERE  “Connected and
Automated Mobility” (CAM) X, SZH v2X @
{BEEIRYEHITE 60ms LAY, H 82 30 ZE 4 b [F) 3@ i
IR 90%[5]. EANIFFRREZEARRME, WERY
iR X, @it BIM-GIS &1 MLt s, 4
B VBRI 1% A SE BN AR @RS rT AL ) [6]; 7
FUNIEIESHIRE, M V2X BRI E RGNS
BESLTHIFVERE, FEERZRFEEK 25%[ 7]

HIEHRPEAEASE: —2& BIM 5 GIS 1Y
Al G AR BRSO, RSB EBIRIRE

&, ZRmmmINER N R AR (NRIEE
W RS BEN AR, R R T
85%; —EBMFERGART D EAREFREH
BIEWANERCT K, MRRIEAEZE . AR

X Bk, MEZEORIRBERER R, B
MRFFAEE -
1.3 IR NAE S HEORIEL

AW RE S = OWNAEREIT: (1) BIM-
GIS - WJHRM Bl & AR, RPN 2ER
MRS, (2) £TH0E CA ALY 38 i il il
SHAERER, UMEESENSBEES; 3)
EEL 2 F R H B BRI E R RSOR, A va2X
WSS HEIRRIER . BORBEZ o WD &
U (A1 RS R >BORWEA (Fil
AEIE BEDD >LBE=REIE (R —
TREMA (ARG BRI |, BRI ARR
HIRP A S SR

2 BIM-GIS - ¥7Ex M @& BT HOR

2.1 FE B RA AT

ARG “ZBSW” &t (D)
BENE —— W =R E: OLANKRFR
gt (K8 M300 RTK, i som, & 30 7
T 1R skm B, SREEME. EMENE
MBEEE ;, QYIBLMEE LA (IR + AU
KBS, RIS 14 /500m) , SERRGINZE i &
(RZE <5%) ~ iR (IRZE <Bkm/h) SHAKE (IR
% <10%) ; OBRANLE (HH%E. AREHE
I GPS &), #FEEME XEHE CRANR
1Hz) . (2) BIEZE —— BEBEHEN S (8
2km i 1Y) X ZIEEARMATIRCEE (0. 1%
NEEH) | HFEIBEE BIM-GIS B & EdEE, 2 =
YRS - ZSIAIGLE - SR MSCERIRST.  (3)
MR —— FRAWATER, SRR IRAS
(A4S BERE) |, XREUEE RS RE
T 8]

RGN TR RENEE 09 B 1] [ 20 RS
<10ms, Z¥[RIVCACIRZ <0.5m, 156 2 3% DO IV 0 A si2
I 5 R TR

2.2 BIM-GIS —4ER& W i 58 dm Rl &

R H Revit ZHF S BIM B8 | A1 518 R
R (SRR MR8 - ZX ORI (F
ST bRiERg) - HITNEZL (K. BAREIE)
HIE ) BANEREIS LOD400 (A ERA 4L
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5 EMEER) ; #id ArcGIS A GIS 23H]
BRI, SRABMIBINER (R X AERETT A
) SITBIXNEE, FABIER SR, ¥
BIM BRI ID 5 GIS MIZ R AEARgEE, Sl
“ T AU BV RT 2 e X AL B P S R T I AR
B (s R Y O BIM A BoRIZE T 5
SHNMERE. FHIER) [9]

MR ENSEAE 5SS BRI R A R, $2H
“BHEEIRT mE D EROmEmEdETL 5 28
YR, BANIAS BIM-GIS B [ A ) B 0%
Bk, SCREPTSEEARE (A& 1 JE AT BT EE
WUIRAS) SalaSHEE (WBERIRFEZERE N IsEE
JERRR) o RE SR EE A iR BN ) <2s, R
L5 GIS 248 (MM IE >55) $2FF 60%.

2.3 BE SR IR RE IR A

ETRERAEEE, TEREIRSIRANERE:
(1) ARG —— RA ‘il - HE AT,
B AR T 15km/h HLZE R EE >30 B/
km I, HEH TEEENE , @ BIM RS
se R, (2) ASEEBORG —— AL
WA SE R 5 15 AR | 2 3 DX I R i (%
& >50%) HZAEFRERRD 30% DAL, filig Stk
% I EShEBRMMEERIE; (3) BREREIR
Bl —— S R AR SRR RS, SE IR
Wiith 3 4P EIRZEE 10% B, 8 R,
£ GIS HiE FP bR A B IR 4EIE (5 [10].

AR FERSIRBIERFZ >92%,
Hrp @ EHORBIEEIAER 1.5 280, A TIKE
CESIFER 10 7381 ZCR4EF 85%.

3 AZIBIR AN S BB EROR

3.1 B0 CA BRI @ i

B9t CA B R A RINENEAR R, AT
FM=JTmEGE: (1) 5IN “FEERRET ——
HREGEEI, RIEFSCEERE (R
B FWER) wERMET (03-08) , BIEF
TR (AN E RO, SRR PR
80%) ; (2) MLfLiBAAMF —— 4G ERRIE
R (LR NFHBAKE) s
Rl RO ] 30 B BN W 25 (3)3EHn “ %
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FRIRERE” B —— FEEW REER WG (a0
AR AR BUNE S SRS TR
B HED [11]0

SR FH A RSB RN 2023 4 IR B (7:30-9:00)
BRI IR PERE . WIS (A5 0 15 208, B
HE CA ARSI 22 WA HE R 2RIK 91.2%, LS
IH TR AE R RIK 90.5%, 55164t CA FF (HEHA
ROHIN 83.5% 82.1%) IBFEE; ERERLIE
HifUR T, SOHEAIRIINRZEM 18% R 7%,
T8 R K MR S 5
3.2 FIMESEN L

RETmmmia R, tk “2REEE m
BEERNER: (1) BRIt —— %H
“FHEWRRE + LRHEE” | RIETINERES
HEAKE, iSRRG (DK 5%) ,
AT A HERA K FE R 100m B, 34 0i% 75 [ R N
10-15 #;  (2) TP —— DA 8km FTIE
(&5 MESRZEXM) NFFANE, @it Synchro
A E A 22, TSR BEM 30% 12
T 55%, FEWESHRIT RIS 40%; (3) XK
PR —— XF 15 DA TR R M, SR 8
RHEIE IR S (JERATERE 60-120 #0) |
S DX IR IR P IR 28%[12]

R X AN SRR MG SR By
HERAK M 120m 855 75m, ZEIRIFAIM 45 Fb /
k= 28 #b /W, IWATRCRTERF .

3.3 ASHEIE TR
SRR G KN OL, TR HIET

SRS (1) BEIE —— RASGER Dijkstra
B, DUOTRENNFRE" NER, GEFEM

M. EELTERENERZE, &2 5P 5EH 1 K
B2, (2) [FRMEE —— BT S APP (A0 =1E.
BHEME) « BEOERR (8 km A& 1Y) @2
I EERESER, Bl ‘AR OHE, B
ST XX B, AIE 12 2807 5 (3) R ——
SN RS S RN ERESE, SESERTZ
SRR, BaEEEESER [13].

KGN G, BSFEENEEZERMM 22km/h
2= 28km/h, B R BRI IR MEIK 75%,
ARG BT BRI
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4 ZERK RS H B S HIERCEOR

4.1 V2X IBERZILLT
FIENRFISER B B JEM (L2-L4 %) HYiE
BFR, Wit VX EERS: (1) HEETE ——
TEEE MM 1% RSU (B&MIEATT, & 500ml 1) , R
i C-V2X (T MEEERR) BEREA,
XHFPCS BIFE (HEEEEE, BE&GE 300m) 5

Uu M0 (KEERDES, ¥ 56 M4t) 5 (2) th
WAL — PR “RPOEEWIC - L2

(F7 BB ) FERZUEEMHEIENEAE R
(AEEATIRAS. BRI |, @EMZ 1Hz; L3 K%
W O(BEMENEI) WMMERARE (NEEE
=) | BEME SHz; L4 BERH (SEENEY)
TR RS R 5 L B, IBER
10Hz, HHBEHIEREHITE 50ms DA [14].

EEMNAR: RSU 5ZE# T (OBU) 1Y
IR >98%, TE#N. EHEELKHT,
IBEFEI <10s, #EHNBHLZLTK.
4.2 PRI AR A

Mg BRI - ZERT PhRIDUGREER, =
AMZIOEERE: (1) KBTS —— BRI TS
I oA I B, SRR 5 % R (AR 77 -4
AR AT AMEE) I, s VX A JE A R
PUZEE (a0 “Ai77 Som BB 265, SEUN0EIH
Z 30km/h” ), L4 HEA] BREBRBEETHITE L,
BAGIshma R 1.5s 45522 0.9s; (2) 55
BRI —— BB T S AR SATERE B (an
SRITRIRINTE) HEEREW, L3-L4 HEWATRYE
BREEEERE (W “RITRIR 8s, BHNZEIH 40km/
hiBE R Y7 ), BMEESER; (3) FmTHE
BEEE —— 1% L4 e A IEZERN, BEBA TR
ZERNRIEE (fRFE Sm) SATHIRSE, 1RFHERFI R,
ZERNIBIS 2R R A FIRER B @ 44 T 30%[15]-

PEINAE R YRS (22 3@ R %
1 40%, X ITIERN RIZERTE 35%, JERLANFSEEK
H 2h28 SRR A8 A IR 90%.
4.3 HahBERC e e

EE =AM B S B R (L2 P Rl
$i Model 3; L3 Z¢: /M8 G9; L4 %: HJE Apollo
RT6) HHATIERCMERIE: (1) THRERIE —— MR

EMEMFRRG R N, e ERRE. FE5WE.
HATHESRALSS, BIEY >95%; (2) 1ERE
RE —— SRR = NRCHRIER: L2 RERH
L2 HI B N R 1.8s FEE R 1.1s, L3 JER
R IMELERI 65% FFE 30%, L4 REHIRNT
FPITHAEREAR 12%;  (3) WAMRIE —— MR
[l fE R ZE 4 S B U RSB AN, BUERH K
1% >98% , eSS AR [16].

RUFEE AR ZMFRIRS AR L2-L4 X H
VBRI IERCTE SR, O E S S N A 1
4.

5 TREN 5 RCR A

5.1 TAEMEST

BT AR B FH T R S HEAZ OB I (S5
BERFEFX, 15 M55 X M. 8km FTI1E)
X AR = g B (7:30-9:00+ 17:30-19:00) 5%
JHAY 21km/h, FEZRIK 45%, ZOEEHEBHY 8 L.
TH SN AR (1) #% BIM-GIS - YJHcM
AMERARA (5 20 MEVEEEAS 3 2T AL
50 MESNERA Km) ; (2) hR&Z@EmR S
PIREBRA (EH 15 MRYXONSEEINS
8km ETERREES) ; (3) BREBDFERS
(1A% 16 > RSU B&MIBA T, BEREEEL) |, FHEX
BERIRE L2-L4 R EAIEHEMERINIRK. TE
T 2023 4 3 AFRsNER, 2023 4 9 AIEXHKAIE
B, EHIFEEI 1 4F (2023 4F 10 A - 2024 4F
9H) .

5.2 I FHRICRIFAG

5.2.1 BB TRCRIR TR

27 1 RN TR, BoOFerRE N Tz
EA: (1) EIERECEZEEM 21km/h 32T
27km/h, IR 28.6%, HFETIE (A ilrEE)
S ZETE M 23km/h $EFHE 30km/h, HEHE 30.4%;
(2) PERKMNEH 120 250 EE 78 20580, B
I 35%, g (7:30-9:00) FHIELEFERIM 9:00
TR 8:35; (3) RN HFEIFLEIRIF A M 45 #D /
R 28 #b / #, [#IE 37.8%, HHAHE ORI
(AR FEIRIS R 62 %D / HiFE 22 35 F) / 4,
FEME 43.5%; (4) BEIETTEAM 1800pcwh #EH 2
2250pcu/h, MR 25%, ARHEBUHHGHHEE A [17]
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RRBRFHIZORRET . 385 S EN s
SN NUNITRESS TR TR (N O sy ESEARIE o
BEREBFOIMT ETERR, & TEs W7
¥ ; BIM-GIS - Py W Rl & BRI SE B T H 5 A P
pu A IS AR 57K iR = 8
5.2.2 RIBL R MERERE R

ZRFEFRIEER, RRIEEHRS X
FREM: (1) HAYEERM 8 iEE 54 i,
MR 32.5%, HABRHRM 4 EFEE 18 &, [F
& 55%, 1T AREZEHB 2 EFEE 0.6 #, [FIE
70%; (2) ZERFRGMA ZRATE 126 (X, K
DRI E S 38 ik, PUEHERA®R 92%; (3) H
B EEINAIEE (BT 10 FAE) , K
RATHESH, BRI RN RIFRELE 0.9-1.1s,
T B 22 AhRIE [18]o

ZRNENBET: REIRESHEIRIRSR
SR T ASEE R PR R I (CE 1.5 205 S5hk
B CEH 15 2%, 485 7 HEECS BB
V2X JE(GHSEIN TS B 5 RS B e B RS
TERAMN LI R, D T 58 R XURS: T AR R AR o
5.2.3 & 52 WEE S

LU T, B = SAER RS (1)
HATHARTIZ) —— SRR AT HATIN A 45 53
PREERIEE 32 0 %p, FerEEIIX H AT 150 T A
R NPJIFEHME 20 76 / /N8 AT AR
KL 1.95127T; (2) BEMARIK —— sh&ME5
BCA IR M SATRERE 15% (FETTHE 2.8 HE) ,
MR 50% AN TZ, F558 A JIA 80

JiTt;  (3) BRI —— B SER ML,
BB T 1 4F TR TR (WIS 2.5 127T)
F T A BRI [19]0

MM TH, WEWR=ZJFmEA: (1)
HATRER R E —— MEREERR, 85% NEHA

NN “PERMRAAE” |, 78% BT AN ‘W5
BEZER” ; (2) REMETE —— BREY
R T EWREAE, cor HE &R
18% (AEIEHE 1200 M) | MRS GLFE(R 5-8dB;  (3)
FAREME —— MERNLHRE “HERE
RO AR, B 12 DNTTAIEER 15 58% 5],
HESHRAE [20]-
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6.1 BRI RO 5 Al

ARG “BIM-GIS - P75l & 8 -
ZIEMEREE S - ERRAIEED” FARKRZR, B
BHEAREA KOS —EREHARERE,
RUHEGEA “BERk” 58E “BS W&
FR, JEIT BIM-GIS 1Y% [A] 15 P Bk 00 (1) ) 785 JRk
B, STBIBERAS “REEER. SIRME” I, K
FIERIZRIK 95%, R —LRESBIEA 30%; — =2
RERBNEEZME, SOEM CA BAEIS| NFEH L
MR, HRE TR TR M 85% A
Z 90.5%, sIDESEN S5ERESIED), T
TR ZHRER, BRA—IEENCRET
20%; —EHZFREMERER, % VX EES
PARIDREERETY | TR L2-L4 RIEMZEFILER,
TERCE MR 00%, BIEGH—ERAGIEHTEH
BT 2100

S5WAWSRMEL, 01FSEIME: (1) 2
‘WRIYIRT BEERE, BT BIM-GIS #f A
R A A AR AR A A0, 5 2 e e 7 IS
0] <25, BAEH GIS RAHRFA 60%; (2) A “9
BEH” FEEENED, LHRRY O, T4,
DI =2 ffifl, BARGIMNIELRT, DXIBGE IR P
28%; (3) HEE “REMI - RN PREIRSREESY,
B BB ERMERELZNNERS, B2aH5)
Wl . I ) 4 56 40%, RN T 2K E 308 F R E
LNl =
6.2 HIA B R IEHEOR 2 57 5 L8k

A B ERBERARF, BHRGZAH A%
% (WAARETNES) |, AREFRIEE TN EEE
A BaRum R — (K" KN, TR
2 50%, BXIHD 80%; RIEMmNZ RHES
CA HAEHAR A SR, AFRSGE CA A
B HEAEE S ASRAR &g, NRET RN
GNP GR, ERE IR 2 R L4 BN B, K
BRI R BGERD L2-L4 FZE , BAFE 2400 TR

BRER (NLEHSANEHEE) NIk
5 [22]-
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RIERMEAE S, FRIDFERSH V2X EE S
WM 2RFAR, AR B 28E =T,
S “pgEE” RBNATARE, $R SR RS
NI [23]0

6.3 TR R R M5 ARK bt 7517

AMRERERGFEE=THEBEE: (1) W%
I RSIENEARE —— BW. KERIF, LA
LKA 2R RIESE 0.3m (IEH 0.1m) , PIBEN
RREEHETNR Z 2 8% (IEH <5%) , sMmA]
HE; () RARBMERHFE —— Y5R%
N T B BERHIE RN 75%, WM EH R
R SHBEANMEE, KBS SEKRE, FEIIRER
T4, (3) AN S —— MaBHARSRS
ZE PRI ANR A OIHIREREZY) 120 J5TC /km, WERTF
IR IRHUIX [T TE R THE [24]-

RSG5 I AT 22 =7 R JTF: (1) HaR
W RS EHE —— RPN E L AN L (57
PR 0.15m) SHTFIMEARS (R%E <6%) , 5IA
ZVEEIERMASEE (WEIER + WIEHET ) |, 18
THES & FRBAIRENE, (2) MRERIE
MER —— BT APP FI 2200 BEMTERARk
AP RFE TN, RS RIS FIRMNEE 90%
PLE, AT AT - B3 ZE@HAZEIMY,
BB EFERHPIIEE (3) BB RN A ——
PR ARAA RSU 8% (ARERINE 50%) , #
R EFENR, FIESTMEBIREARE (5
DSBS JE R8N | ERCRFEBX A TFRE S [25]-

7 4518

T BIM-GIS - B MR & A RS, @it
Kih—{R” BHIE BRI BhEEE, %
DR RS 2 BRI, AR >95%,
BB A <2s, SECIRASIBIFER <1.5 43
B, BURRIEHIRARIR T 60%.

PR TR CA BB A @R S a0 AS
BEEOR: BSOS | NBEAEZmE 15 880 5
M, 15 REIERIIERIRIX 90.5% (=&
5 85%) ; ‘“mBEEM FEEEN 535K EE
S, I B I TR T 28.6%, 1
AT 35%, A2 X IERFEAIK 37.8%

FE TIGEHRD L2-L4 2% B 8775 3 ZE W A &
G5 39 V2 X JBAE IR EHRE I IEIR <50ms,

I ] R SRASAR (e X il e 7 S (R 696 40%, E 3]
BIEHNIK 10 HABRTLREFR;, RGIERE
FATEIR 90%, Al EIR A B IR T Ko

TFE N R 56 UE FR B B BT AZ O B N
&, EHLHATRA 1.95 1271, ZWMEHRR T
32.5%, CO, HEEFE 18%, LB T “RR. 4.
MR MZEBW, ARiTERT . et
RARE T AIHET IER TR

W RIE T ARIR TR X . 2B A JE 32
FEEUR X, JLEN RAER @R MW
BMEBEEEEESENE, ARABETEARM
SRR, B0 RN HTER .
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