5 51 %45 9 )
2023 4F 9 J

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 51 No. 9
Sep. 2023

NEHS . 0253-374X(2023)09-1424-09

DOI: 10. 11908/j. issn. 0253-374x. 22148

B IME T BB LN X fEiE i

AL AR

A2, I

4)°

(1. ZRN I BB AC A BE VLA 93 21510052, [FIBE R 18 -5 200 TR E HE AL %, 1 201804)

. E P A X (AR X)) A0 A a7 A A
TCARSSE I RS IR , 75k S8 I35 LA S R -
THE— RN, 5 WFFE R A 8 M E YA 44T
Ryl A 2 A T R A XSS R i AN ] I 0T
FERAE TV XL 2R 4240 , 38 3 sh AT A X i
TR TR X ETRE ) . BRI, T
H— ] LI RIBE 42 (CV) BEA TR 538 HE L) TR A 4 Bk 1
FIABETRY 27 VR A T 3838 Y BEAR [T 1 S B,
TSI AR CV A 22 | T A s AR s LA
CATB P oA I AT R THE AR, T
VISSIM 283 {5 B, it T R4 T 1A KOs
DAL A 2R GE, IRz b AT T 80AIE , R Rl
HAAAARR CVBER FRENARE. FKEn sl
WA HE A 12 T LA S N A nhse , 2R3 At
Iy M e A ITE B AT 5 1 550 ~1 800 veheh ' [X Ja], B
T AR RS o X B, Bl A LU Ty AR L 2k
BFUGED A X PS80, BRI TR 10 %0~50 %42
o CVBERGUBME TR, EEARN 0.2~0.5 85K T Al
AR NE R ) B AR

KHRIA) . VDA DO ; 423K 0 5 4l g iUl 5 PRARASIAY s 52
WA

FESHES: U491.4 XHAFRERD: A

Freeway Merging Area Lane Changing
Advisory Optimization Under Connected
Vehicles Environment

HU Xiangwang', NI Ying’, SUN Jian’

(1. School of Rail Transportation, Soochow University, Suzhou
215100, China; 2.
Engineering of the Ministry of Education, Tongji University,
Shanghai 201804, China)

Key Laboratory of Road and Traffic

Abstract: The on-ramp merging area is the bottleneck of the

freeway system, the breakdown of which will trigger many
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problems such as the deterioration of traffic congestion,
traffic oscillation, and increase in accident rate. Currently
most studies aim to improve the operation of merging area by
adjusting the merging behavior of on-ramp vehicles or
controlling the speed of the mainline vehicles. This research,
on the other hand, focus more on the potential of mainline
vehicles in lifting the traffic throughput by dynamically
controlling the upstream lane flow distribution. Specifically,
a lane changing advisory optimization model under the
connected vehicles (CV) environment is proposed, in which
the lane changing decision (change to the left/right lane or
keep the current lane) of each individual CV is optimized to
reduce the disruption caused by the merging vehicle and thus
improve the efficiency. The optimization model is formulated
as a mixed integer linear programming , which is independent
of the critical density derived from fundamental diagram.
Based on traffic simulation software VISSIM, a real-time
evaluation platform is developed, in which the proposed lane
changing advisory method is implemented and further
validated under various traffic demand combinations and CV
penetration rate. Trajectories from all the lanes show that this
method could effectively reduce the conflict of merging
vehicles. The averaged traffic delay analysis results reveal
that the proposed method can significantly improve the
operation efficiency if the average traffic flow level is near the
critical flow of traffic breakdown, i.e., 1550 - 1800 veh-h '
per lane. In such scenarios, the average traffic delay could be
decreased by 10 % - 50 %. Furthermore, the sensitivity
analysis on CV penetration rate show that at a with lower CV
penetration rate of 0.2 - 0.5, the proposed method is capable
of reducing traffic delay.

Key words: freeway merging bottleneck; connected
vehicles; lane changing advisory control; optimization

model; traffic simulation
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Fig. 1 Schematic of lane changing advisory at a merging area
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Tab.3 Comparison of overall average vehicle delays

S

(GERTER TR VA T/ (veheh™)

(veheh 1) ELRES 4700 5200 5700 6200
ToF il 0.69  0.86 1.17  2.99

900 WoEEER 0.74  0.92 1.16  2.57
ot efE/ % 7.3 6.2 —0.1 —14.0

JedE il 0.94 1.21 3.41 9.10

1200 i E S 0.92 .12 2.70 9.11

Ao ZEE/ % —1.7  —7.7 —20.9 0.1

TeFE 1.20 2.49  9.50  28.7

1500 WeBsn s 107 177 8.42 320
HHEM/ % —11.4 —28.8 —11.4 11.4

e 2.16  6.74 231  33.8

1800 Wil EERl 157 3.51 29.8  36.5

HAEME/ % —27.5 —48.0  29.4 7.9

x4 FEEWHEHTIRITLL
Tab. 4 Comparison of mainline average vehicle delays

S

T3 7/ T2t/ (vehsh 1)
Zagas|

(veheh ) EURES 4700 5200 5700 6200
JeFEl 0.60  0.77 1.09  2.97

900 P AL ESl 0.68 0.86 1.14  2.58
HAPEE/ % 13.6 11.6 4.1 —13.2

JepiE 0.78 1.05 3.28 9.44

1200 WiB A EER 0.82 1.02 2.60 9.35
HAaEME/ Y% 4.5 —2.3 —20.6 —1.0

Tod il 0.92 2,19 9.68 31.1

1500 B A ES 0.88 1.61  8.63  34.6
Mo/ % —4.3  —26.7 —10.8 11.3

JedE il 1.63 595 21.9  33.2

1 800 WoEE Rl 1,200 3.09  31.2 38.7

A2/ % —26.0 —48.1  42.6 16.7
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Tab. 5 Comparison of on-ramp average vehicle delays

S

LT 3 A/ F it/ (veheh 1)

(veheh ) iy % 4700 5200 5700 6200
JetEil 1.19 1.38 1.63 3.12

900 BB dERl 1,09 1.23 1.34 2.52
FA LM/ % —8.8 —11.2 —18.0 —19.3

p kil 1.57 1.92 4.05 7.30

1200 i ES 1,35 1.52 3.18 7.81
TorEM/ % —14.1 —20.7 —21.7 7.1

e il 2.09 3.51 8.83 18.9

1500 iR 165 2.35 7.63 21.5
EEME/% —21.0 —33.2 —13.6 13.8

Tzl 3.54 9.03 26.9 36.0

1800 PRl 2.50 0 4.71 25.5 29.6
EOWEME/ % —29.3 —47.9 —5.0 —17.8
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