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Chen Yang', Xue Kaixuan®, Li Zimu', Cai Xiaoyu’, Zhu Wenbo*

(1. School of Transportation, Chonggqing Jiaotong University, Chongqing 400074, China; 2.Yunnan Institute of Highway Science
and Technology, Kunming 650051, China; 3. School of Smart City, Chongqing Jiaotong University, Chongqing 400074, China; 4.
Western China Science City Innovation Center of Intelligent and Connected Vehicles, Chongqing 400039, China)

Abstract: The ring roads in mountainous city business districts are prone to congestion due to numerous intersec-
tions and fluctuating traffic flows. To address this, a cooperative signal control method for managing ring roads
entrances and exits is proposed. Road and traffic characteristics were extracted using high-altitude video, check-
point data, and Internet-based datasets. The control objectives include maximizing vehicle throughput, minimiz-
ing entrance queue lengths, and reducing downstream congestion at exit intersections.The optimization model is
constrained by signal control parameters, queue lengths, and overall ring roads density. The standard NSGA-1I
algorithm was improved in operator design and population size configuration. A MATLAB-VISSIM simulation
platform was developed for joint simulation. A case study of the Guanyinqgiao business district ring roads in

Chongqing was conducted. Results show that, compared to the original scheme, the optimized strategy increases
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ring roads capacity by 8.9% during peak hours, reduces entrance lane queue length by 31.7%, and decreases exit

lane queue length by 15.0%. These findings validate the effectiveness of the proposed multi-objective optimiza-

tion and cooperative signal control method. By enhancing coordination among multiple intersections, this ap-

proach provides valuable guidance for alleviating regional traffic congestion during peak hours.
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districts of mountainous city; NSGA-II algorithm
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Fig.1 Distribution of ring roads section
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Tab.2 Fitting function of congestion index of each section
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Fig.2 Schematic diagram of signal cooperative control
strategy for ring roads
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Tab.3 Statistics of ring roads entrance and exit spacing

XM B /m
OFE1®) 335
@EE) 214
BFE® 257
OFE6) 331
GO 246
©FE® 428
(@Y 289

745%—¥E.Cc,=150s,C,.=60s, g =60s,
2 =20s, QUFESHAECE . £ AN ARE
L+ o e B0 A B A EC SR T HE N AR
W P0G v O, A B AR ) G O A e AR
HRSZBR A OD #4171 &, /£ MATLAB 128
AR R R P TE N 1 P ] s o A R R AR Ak
HILGE Y, BT EA N 3 600 s,
43 (HEERSH
2t 2 H b5 5 P IR 42 1 00 Ak 0% 508 2 475 7 Pl B
AR5 AT SAEWEFE I B AR B AT 1 0l = 2
G B R s Hoh — U AR TS 5 S B
FNFRAPUR,
4.3.1  INIE B R ARSS I B A T AL 88 RN
NSNS 51 B € SRR o= 3 G [ ) S B e

J&i , #5E H ERIE G HE A B D A TR .
IR A A TRE S BT 8.9% , i I B IE 1A
SVHEB B 31.7% , HE 2 38 T8 HE DA B ek 2D
15.0% 5 W i U 0 13 A0 3 3 50 BA S B8 4 i) ik 2>
16.9%F116.2% ., Z5FFRI , Zad A8 3007 v D R 4 i)
Z 5 FRTE DA S A3 A TR A T o
432 IE A OASEIE TGS TR

Xof A B B BRAE A% A 1T A9 A8 i B AT R g E
ATRT A3 AT, 32 BT FE 45 0 ) P38 3 1 HE B A BE AR
TRAE B, B 5 (L 6 43 03] hy L i g GG vy U AN 3 45 1
UNE B3R iy €O AL IS

H P15 R 2R e g R S s S T A B L AT P B
BT B A PR A R B A L SRR AR
IiEEHE AR, R AR 3SR oK . SR AL
o DRl O ke X 5 S HE BN B B
A SCE AN PESR T o B, EER AR B B T
A JBE B 5 29 150 m B 25 80 m, PR AL R .3 .

H 1 6 T 2R, MR g W ) B, AN G (T AR
% ) R PR T (Can R AL g gk =
B ) B HE B Bt 253G, 2 30 B3 B I A A
Ui o A SUF S PRI O 2 30t , BOUEACR
AN B R e AR HE B FE AT A BT sl /b, 223 i sl 1k
LR

x4 NEHREZRMUESHEEHALNEEETR

Tab.4 Signal control schemes at each point of ring roads in Guanyinqiao before and after optimization
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