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Research on cooperative lane change strategy for off-ramp diversion

WANG Zhengwu, HUA Xiaoyue
(School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] The paper aims to improve the efficiency of the off-ramp section of the
connected expressway, reduce the risk of traffic accidents and ensure the order of diversion vehicle
traffic. [Methods] A cooperative lane changing strategy is proposed to address the traffic disorder
caused by the lane changing behavior of connected automated vehicle (CAV) upstream of the off-
ramp. Taking into account both traffic efficiency and comfort, a collaborative CAV dynamic speed
optimization model is constructed with the objective of minimizing the weighted sum of the average
speed and average acceleration of all CAV during the speed, acceleration, acceleration vibration,
and the longitudinal distance between the start of the lane change and the diversion point as
constraints to systematically optimize the speed of each CAV in each period. The Gurobi optimizer

is used to solve the cooperative control model, and a simulation scenario is built using SUMO to
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evaluate the cooperative control effect. [ Findings] The results show that the proposed synergistic
method can improve the average vehicle speed by up to 17.7%, reduce the total delay by more than
75.9% , and improve the average acceleration change rate by more than 9.3% under different total
flow and diversion ratios compared with the uncontrolled case the diversion ratio is certain, for a
certain total flow rate, the higher the total flow rate, the better the improvement of the average
velocity and the average acceleration rate of change the minimum longitudinal distance constraint
of safe lane change requirement, the exit ramp section has the highest traffic efficiency.
[ Conclusions] Under different total flow and diversion ratio, the synergistic strategy can create
lane change gap for lane change vehicles, improve traffic efficiency and enhance passenger
comfort.

Key words: connected automated vehicle; off-ramp; traffic efficiency; cooperative control; traffic

control
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Fig. 1 Cooperative control scenario
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Table 1 Description of the parameters and symbols of the

cooperative control model
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Table 2 Simulation parameters

ZH 18 LiEhs

h, 1.0 B
Voo 22.0 m/s
Vi 10.0 m/s
2 0.0 m/s
- 3,-3 m/s
at 3.0 m/s’

W, 0, 1.0

At 1.0 s

T 10.0 s

L, 110.0 m

32 HERHH

T SUMO fff B & #E4T : 1) P [m) 42 1 A7 &%
PEIGAE 52) A [R)E U 2 A 40 U L T W ] 4 o 5
T L343 B 5 3) 38 0 U 4 i A ) RS 24
WY SFEME 53 BT 5 4) A AL R ER0 52 w43 A o
3.2.1 Dyl IE A5 85 o b

S G TS A R R ek AR DA R X ] 31~
41 s BT 5 2 200 Hi/h F143 U L 4 50 50 A 41
Uil B R A Ass 2 3 5 45 SR 1Y) i L 485 2R (%]
3PN UNAE 31 s, PR R FE ] XA 8 5 CAV, Hovh
inside_ramp_1 3 7~ PN ] 42 38 /9 15 43 UL %2 40,
inside_1 K75 M 4238 /9 15 H AT 4240, outside_
ramp_1 R 7R MU 438 19 1553 3 4240 L outside_1
FRIMU B 9 15 BAT A8, AR LU

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F21 5514

200,
—=—inside_1
—e—inside_ramp_1
—a—inside_2
151 —v—inside_3
~-#-—outside_ramp_1
. <~ outside_1
T 10k =-#-—outside_ramp_2|
-7 [ A S outside_2
i
b5
_'é 05F
0.0 ,
/
¢ I n 1 1 I
30 32 34 36 38 40 42
B [8)/s
(a) Jinjd 2
225
2201
215+
21.0F
Te o 205) —=—inside_1
g ’ —e—inside_ramp_1
;\:( 200+ —&—inside_2
= / ——inside_3
19.5¢+ ’-' == outside_ramp_1
I outside_1
19.0F I} >~ outside_ramp_2
{ —-®-— outside_2
IBSE il
18.0 . L L L L
30 32 34 36 38 40 42
I 18]/
(b) B EE
800
700 |
600 |
500
£
] 400 -
=
300
200k [—=—inside_1 —--—outside_ramp_1
|—e—inside_ramp_1 —-<-—outside_1
ioo} —a—inside_2 —-»-—outside_ramp_2
|—v—inside_3 —-e-—outside_2
Ot . . . . .
30 32 34 36 38 40 42
EREIS
(COR A=

Fig. 3 Schematic diagram of vehicle trajectory data
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Table 3 Simulation results of average speed for total flow and diversion ratios m/s
S L ) ENEVES 1 000 %#ii/h 1 400 %fi/h 1 800 #fi/h 2 200 4#/h

iE S 20.78(+4.3%) 20.70(+8.6% ) 20.54(+12.5%) 20.26(+17.7%)
50:50

E Y 19.92 19.06 18.25 17.21

ESD 21.00(+3.7%) 20.88(+6.9%) 20.64(+10.8%) 20.36(+15.3%)
65:35

ViE Y 20.25 19.54 18.63 17.66
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Table 4 Simulation results of total delay for total flow and diversion ratios s
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Table 5 Simulation results of average acceleration rate of change for total flow and diversion ratios m/s’
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Fig.4 Vehicle spatial and temporal velocity thermograms
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Fig. 5 Comparison of total vehicle delay under different distance constraints
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