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Evolution and Innovative Application of Intelligent Urban Traffic Management Technologies

LIU Dongbo, HE Guangjin, XU Xindong, XU Ling, HUA Jingyi

(Traffic Management Research Institute of the Ministry of Public Security, Wuxi Jiangsu 214151, China)
Abstract: Building on the research achievements of major national science and technology projects in the
field of intelligent urban traffic management during China’ s 12th, 13th, and 14th Five-Year Plans, this pa-
per systematically reviews the developmental trajectory and practical applications of intelligent traffic man-
agement technologies. The objective is to provide standardization support and application reference for the
continuous iteration and optimization upgrade of these technologies. First, the paper outlines the current
changes and challenges in the urban traffic management environment from three perspectives: the evolving
characteristics of urban traffic operations, the advancement of management technologies, and the transition
in application directions. The paper then traces the evolutionary pathway and key features of intelligent
traffic management technologies, highlighting the transition from single-node control to integrated intelli-
gent connectivity, from isolated data sources to big data-driven approaches, and from end-to-cloud to inte-
grated end-cloud architectures. Major innovations and representative applications emerging from this pro-
cess are also summarized. Finally, the paper elaborates on the construction and refinement of a data-driven
next-generation standard system for intelligent traffic management technologies under the intelligent con-
nected environment. This system not only aligns with the actual characteristics of China’ s traffic manage-
ment practices but also provides vital support for the standardized and regulated application of manage-
ment technologies.

Keywords: urban traffic management; intelligent urban traffic management technologies; technological
evolution; vehicle-road collaboration; intelligent connectivity; standard system
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Fig.1 Evolutionary pathway of intelligent urban traffic management technologies

SHERSS EETE SSHX

R AT S S R TR SR T -3 i
o

Es&



&SP Gkl W R 1O kSt

G202 18GWAAON 9'ON €210/ BUIYD JO Hodsuel ] ueqin

ot

K

BAHEE, KIT MEERIRE A MIZ B E
EREVHKEESRE, HRBEFETS
BRARZFANERER, BIEBRHERT
BEPXBEEGERARAZERS, &REX
RABEMKINE THF AT BIEFRE.
X— R R 2 KRS~ Se N BYIE
&, MRBANZELEER M TENBERE
EEEATERR, ST ERE TR
BEEEERANERARTNERELR.

1) MB— Q. BIURSEE 68 M
e

BEMlZ TR BEEREZENERR
B, R&ESENRGZENNEERK, UK
BFENBRXZSHE, HEMRT -
WPEZHE. ZHERS. ERMEFEHR
HiE, AltEREH, SEXBERREN
KU TEMERNZESHE, REKME
T AR BE MR RN IE ) — R L8R B2 = BT
g, XEZBRATBRGHEERAHD
HUNE. RN, BIETa8ELZSH
B, yIRARRGZENESEL, SUL
BRBIEHBRE DT, ARBEERANA
B R SR ERE A

2) NBE—HdRE. ZREURRIREIRIKS.

RBEERARRHEZD T NBE—EIE
BN EENERE, BZREERSNER
HERER, BEIXREERNOHEUEERNR
RidE, ¥#, RBEERGEERHL
B, hRSHEONEE, STRRESH.
BREFSFEMEEUXLA; BERMNTFR
ZHA, XBE. SHRWEM=E). F
W, MR, HAKES ZTRMEUER
HARGEEBUTER; HARBIERL, X
BERRGBESZE. Bfy. EENES
SRR, KBTHERI. BTl A

E2 S SRMBRMEEEEXERE
Fig.2 Illustration of direct connection and interaction between traffic signal

controllers and roadside sensing devices

RLEE

3) NimBl =, mzthE R —E .

BRMEELnBEYMEKEERE, FTH
T ARIEMEE A EE AR, SKHLT sl
BEMNINXEMBAEN B, REIEHFER
T, ZEARGFEMNERERXIT =in
HIEXE, TXERHERESME. A%
REESMAEREBMANSHEENH, X
BERRARRE—D LI T EREIHEIRR
THESABHERS: wlBEIESNS
FHRMBEREEE, HEESKRES. 24
SHEINES; mRARAZZBEMS.
EERBELNEEMEERMEA, Bl
mnhERR. HE, BERENEKK. B
HUNTBELRFHURERE, BEME
mA— RN ERET RS, KT E6E
BKAFETHFAZBIEEERE, ARARET
BHAENZE. BUSHFEBT.

3 WMHREEREEERARFHNA

3.1 BB EEARYKEERXE

1) FESHEBMRMEEEERE,

BEE B BAMRANER, BRASES
NEHMEE, BRXEE. SHEE
MzsE). R, FELAEE. HAKE. X
BEAFETREEE. BEESHISERA
BEZEEERE, FSTRERERN
NS HE. &TTNHRINBRMEIE, I
WREARESITSTHHRSBITRE, 3
SEEESHAENSE, NhKBlZig
MEESEHN—EEENAILE2).

ZRERABEBE. Bl. HM. £H.
M. BTEHTEMNECNAE, ZEifE
XL, BB X AESKTE RN HIGE
HEBAKE . SITSHRRAFERBE X RIS
REERER, BITRESIAERET.

2) ESUSERBEERTREERE.

HMURENEENESHLEBTH
XK, TRESISEHNHEHELRFREERE
RANHAR. BEESHTSHEREEER
—ERN, FESUTKSNRRENBEERN
ETRE, FREEELWE. FEEKR.
HEARXOMEEZXAFES, SHELT
A, AN EEMBBABLEFESHER
#; B, BRBEEEGRERCRBES
MLEES, XNEHENBREESITRES
(WA 3).



ZEAREAERER. Rl FM. HiX.
REBEFFRTSER A, HRERTFMTE
BITHR. DUEZTEREE 1 SL 96,
SIEFTIPRF B M 66 min 4555 E 50 min, 1
AREERAZE 24 km-h' U, ZTEEHK
BALEFT AT,

3) BE—RHHETEFEE,

R R T B S A X O R B I A R HE
AR EE, BT ESYSBRMEEEE
FRfE A 208 B — R UL, AR &S
RBENRZ X O FEHAERRE, B35
NMRELE FEBITRSEML, XBEER
EHEHAEE ST, SO
FROUZFEMENEYRTEFENBEN
BHILE 4),

ZEARERELS. HM. BTESH
FRTENA, ZpEXtto, BETX
OHEBAK B 194855 20%, FHEIRFEIRL
15%, INORSTREESIESFIA, BX
ZRTARBRANIESBNBTE

4) DEYBEZERRETHESHEN
Rl

EThSITEEEPDR IR EZTETR
SRMFESESEHISZTEE, FIA
REF S EARBGE O F BRI MIT 54T
HEBR S BBV ASE, HEAREAR RIS & Y
B, BEEMBNSTRES], LR
REEBTRENETL, HXBEREIE
SEEMFRRREGZENNA, MUEIME
KT IRK &/ NMEFIRATRE h IR AL B9 IR 6 B #R
(WES) IWITDLGEMEZ BIRET B TR
MEBFRBIBNFLERR. BZEIMAR
KA, BT “FEBRSERM. BAR
smE. EERAERRE NESHAEK
BEHRFEARER,

ZEAREELS. HANESHITRENE
RSEN A, ZEX o, EEEZTX O
BARZIT MK B 40.1%, FHETBBE
WA EH & LR 31.3%, SRR
FIHREE,

32 REERBETEEARGFEEK

B

1) BEFERINNVELENTHER
s,

BEDHERRANER, ETERD
LR E R E N S RERE S EES

BHBEFESEH G

,,,,,,,,,,,,,,,,

L&

XA
B3 EEiSENBEERHSEERERE

Fig.3 Illustration of direct connection and interaction between traffic signal

controllers and tram controllers

ERN N % TR

E4 BIZ—CEOESNSHEEERE

Fig.4 Dynamic variable entry lanes with integrated sensing and control

=T
hWEITERE

B 5 G EME T HES SIS R E

Fig.5 Dynamic signal response control under edge loT interaction

R AT S S R TR SR T -3 i
oREE RS SHESR BETYE Ren



&SP Gkl W R 1O kSt

G202 18GWAAON 9'ON €210/ BUIYD JO Hodsuel ] ueqin

o
g,
EE
hH&H

., GPS/LstEf

BABERANMRENA. EHAMESMH
KRGS FEHEHN LGN B A GPS AN
4G/5C B4 BEBEBFBMIN EHAE
B, BSITBIZRGSRBESENRGEZ
B EIRE, FSEHRSEYTBERE
FEANNMNEMTRAD, FIREBEEAM
B, INERRERKESES, BaER
FITEK KA MTRBER TR, TEFH
FIHE “—BR&KT” BITULE 6).

ZEREELSH. HM. BIE. B,
M. BN BTEHARENA, faEN
Ee A, BN ERAY TR A ) B 20%
ML, FYEFRAI0%ULE, BERFAT
HEESRTEMBRTIE M.

2) XRBESEHRESARHREEE
ARG BB EIB THESHE,.

ETHEHEMNNEHERESHERS
B hRER, #—PHART EEREELXN
TALEREFESHERFFRAME, BILE
T, BEEITBRBESEHNRGSAH
AREBERGZEINXERE, XWT A%
RELEE. KRAE. ERRIEERSEE

ZBEEEH A
- oo

RAMIESHERS

Elo BETHEMAIAERBNHHERESMETE

Fig.6 Signal priority for special service vehicles based on real-time vehicle

location data

TEfES NHRETE
R

BHR G B

E7 X@ESEHAGSARRECERAZEREBETHESNEAETE

Fig.7 Signal priority under the interconnection between signal control systems

and bus operation systems

BEXBESEHRZENIAEN, ETX
LSRR, RBESEHNRGEUNSLE
q%mE. FITEKSBABMERLEK
B, ARHRERESHESHLLES
El 7)o
ZEABELS. M. BESFHARE
NMA., BT “GBEL” MENE, AHKE
ZFeBETREMER D 4 min 54 s, ATEFT
KRS 199%, TEEERS173%, B
BRI T RHERENBTREMEELESE,
3) ZBIRAEIRIREN A9 IEER W B 191
=,
HEMECN . BEMFIKEIREFHEA
HIRIEA R, TBBRMEIE. FRNEER
BB TEIRSE 2R AR DI B
AERMET IR, ETZREALENR
BRREZT, STk WL 38R A A
ERXREMPFERTER; BEMBEMEHTT
ODEHE %, KIFEOD BHTHIERE NS
#r, REEREAEIR RGBS, B W
EBEBNXBERRR. MUNEZBRIE
iR A BEAR, TTEARIERE T EE .
BEBE T IRFIHBA . B R MR BiAE SR
Aips, BalEMBENANRESEE. BE
EMiAEA R, MMSSIMEBEB TR
FIRR F AR B PR E R o
ZEAREELS. HM. BRIX. FEF
WHREN A, BhHETFHRAESENR

KHBKER SRR E, R KA
H B AR e B 00 11498 )
ERHE,

4) EFRBEAKEBOTLTITHEE
BTa,

EIZEM B IR A BIRINME T B E BN
R RESTHEEFEAREERK, £T
MEXAZIRNTHS IO R EE T A RME
BEEHEVES RS, TBERKMSTEETM
Z BB MERETREE, REHWET MK
REFEHEEEETE, MEREXBETH
H MBS ISH. HRUME. BEME
. ELENTFT—ERNLREBES, K
W7 ZEENRRENHEIFETIAE,

ZFBEAELH. AMFHART =E
MR, UEHmAsl, FastATS5EEKWN
BT, ARRFEE. BN, FSEHF
AEMBKE®R, HEKINESES. B
Bic. XBES. EERMEFEETFR, I
RHERTBEISY. BAESHMERE
BTSERENEEDR, HaSEEHs



HERMAMERALZLRNIT, BERTT
TRERN AN LE ).

33 ERMMERETXBEREFEEAN

HERSE

1) BRNEXBHSEESERLTKR
RS RGN EBINERSESXE,

ESEBRNERARZEMERERS
K, MRAZBEREEFBKEMHNE
My BiR, EERUMNESVZLD,
FE T EREBEMEBMBEEERERE R
NESYEEAMEOIEIRE, BEARSH
AL FTESRE. ESEAISHEER
FEEINELARSER, FHrWNEKSEHE
% XA, [BRIXBEREZFSE. V2X
ARG, BHMNES. HERSHES XM
m$%§EXLGu,ﬁHA;XLLﬁ%
B RBEH. RBERER. ARERAM
BEHE, AMBAFRESENERHE
T

BHEAEHEEREIA(LH)EBENE
SXARRENA, XMTALRTESK
. RBRE. RBEH. RBERERE
ERMBEAEEAARRERE, BEERATE
BHERNE R GRS S(ILE9),

2) XBERGEERINERENSRE
A,

BEEYMEERYESSEEKMSMFE
B EMNXERE, LW T NEAHFELE.:
—7H, IXBEREEERSESEHT
RIEAMASERUEMERL, TEHEERL
H TR 5B ELTRE, Bid BB S
FHEIEXEE, LUETERERNTIH
SIERAMSEE; 7—7AHE, BHHLEN
HINEE DO EIRE S ENEEE TR
WEEE, ILSMRSEEERER. L
EEEMEFSELNERIGE, MR
M HTREESS

BEAEBEELS. AMNEFMFRTER
A, KI 7T EEMNECSFE &AL THEER

TR E)IEE, DRIZHIESS RN ML

BT EREENEEL,

3.4 FEENEIRE T HFHBIEEAE
1) FMZBESEHREIRAELEN
i A
RIELNLRXBERIEETS, HWEXB
ESIRENBMEIE RS, RURERRF
5. RBE. RBEMH. XBERELMES

FEZREENTRELCREIERE, I
WREZBESEH RGNS — B MW,
H OB N FREIRECEIERS
ZARAGEXNNIRELIBEARERENES
BEH5RMEE, IFzfThE. TRE
B. ATFm. ZE0H. HHRETHR
FoKsSI AW SINEE, FIFMNMELY
RIGEESRAIEA, MET AR IRER
BAEZ; WHIMNBEERINEERXERENL
fR&ESR, e FERMNECREETE,
BHEMANLZBERERFHN Z
E HEAR, RAXBEENEREN.
B, RERERENEE5ECFE5HE
BERERXBERHFSMHNERRAESESIE
B, B EMNECSEMNREMIEREK,
2) WBIEE “HFEST WAL LEE,
BAy, EEMEAEFEBIYIHNRT
RHZBESUARBITTA, ZAXNERE
B RUENENBUE T EENRE
TEIR KR, XA RENBCREELFRE
E% TR RN ARR, AXREBR
BESREMARRKNIEESEGERHTHT

8 %?ﬂﬁ%k%ﬂl?%ﬁ’]ﬁﬁ SHOTHEIER A

Fig.8 Collaborative management platforms for research, diagnosis, prediction,

and evaluation based on connected big data

202266173188 2=

E9 BREMBKZBANSEESHRATBRS RGN EBNERSER

Fig.9 Information interaction of vehicle-road collaborative services in the 1ntelhgent

connected transportation dynamic control and road condition open service system

150804

R AT S S R TR SR T -3 i



I

FRiE, BRZBIEE “BFES". &T
SHERZR” BE, XBERZTE5H
Mg &4k 4E B iR RAEREE “BFEST,
R RE MBS A R R ORI R IR
B, BRAEMBTREM. SRR ELET
&

RBIERE “HFES" FANEHFS
EFATRAEERAENARLREESHE
HiES, MEHEEEMEXBEERERN
MEBEUIRK, BEREEEREZE. &
M. AFEBITHIREE S,

4 WH X BEEERERAIRERZRS

=
=

4.1 tREEKR

AR T B REMBCIRE T ISR EN
HIZOHFT— R R B R EERATOE
ERLE10), MAEMPEH TR BER

Fleft Bl EELIER EMAAIETH AT E
574%, EEEFHREXHFERATRK.

42 FERRE

1) H#E,

ITEEMZ B E R LI EERL B
REIRINEEE, BT USSR, &
ERMTBEEREEERE SHETCRERN
RAliRE; BTRMLBESEHRSRE
BB A, #IE7T ALXBEMIEE
FES5RBESEHRGZ BOBEBER
Rip, WHRBEEERBARRERRE
MERENFEANSFERLE 1.

2) KAE,

ITEE ML IR EE X B ARETE
EEMBERBERGPONE, MER%.
FEEBREBEATA#ZBMREFTIST
ThEERTFHORA, T RBESES
ARHNRIRAE; ETERBERETHR

&SP Gkl W R 1O kSt

GZ0Z 18qWBAON 9°ON £Z°|0A BUIYD 10 Lodsuel] uegin

R, MEARBERRANMEANAE - BERRRAIGIZRS, UEEERMKR
B, TR UBISERERA, SIETX

B E RGN BE F B W R R AR 3
TRBEEEERAEGR N ARREN

ZERDHEMENN AR, EiEER
ETHRMNZBERERENEER BSHIEL

B, NEEES FRG S BERERS FTENBFMERLR2,
TEEE; NRENEATFHRDENEE
EEMRAGHSEERMEEMOIERYE 5 SRia

o E#/=E AN AREHERE N BRERR

BERIRRN X HF, A ARAISEER R IR i — AKX R GHRETHTRBEEEERA

BHEE RN 2= B 57 A

[ camxarsmmanEE || | (SENEBHIRIRER | |(SEMBOBHTE TR

| M) GAT2014—2023) |1 1| FABARAME) (REF) || MAKBARANL) 2 |

! Lo CERE3E | |

| T | | ? T EIRERE |
% 1 (ﬁ%ﬁﬁ%%gﬁmﬁ%>1¢§1«E%§ﬁﬁﬁi%mﬁgﬁﬁﬁ (BB BERREEEXE 22
E | (GA/T 115—2020) ! | TEHZEAMSE) @RHtH) EAMEY dRitH) RINIEB

! ! ! AMSEY |

i i o f i GRitn) ||

| CEBZBESEEAR) || CERXBERNEEERSEMA || (ERXBESHRIIEART |
5 ! (GA/T 527.1~527.7) | C| o HEARER) (GA/T2151—2024) BOMEY (GA/T 1743—2020) R
§ LiZii:ii:iiiiiiiiiii{,,E:iiiiii:ii:Zi:Zi::ii:Zi::i::i::Zi::i::i::i:::iiiiiiij ﬁ
2 (AR BEAIEET S BEDN &

| F2E5r: RBESEHRS ) |

| (GA/T 1049.2—2018) |

| t (GEBERE ||

; — (EEZBESEHNRGEAEA ———— (el
% | CEBSBESITRE ZR) (GB/T 39900—2021) (TBEENGITEL RGARIE ||
E | 5REME) 5 IR R & Qe ) (GB/IT ||

| (GB 14886—2016) (Eh) 31418— |1

! s CEEZBESEHY 2015) |

! (GB 25280—2016) — !

| GEB SR 24T OB S LR+ |

| (GB 148872011) S B |

| (GBJT 43229—2023) |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

10 328 & REE T AR ER R

Fig.10 Standard system for intelligent urban traffic management technologies
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Tab.1 Main contents and functions of basic-level standards in the standard system for intelligent urban traffic management technologies
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Tab.2 Main contents and functions of application-level standards in the standard system for intelligent urban traffic management technologies
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