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Decision method of CAYV lane change in expressway merging area based on DQN

CHENG Guozhu', WANG Wenzhi', CHEN Yongsheng', XU Liang’

(1. School of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040, China;
2. School of Civil Engineering, Changchun Institute of Technology, Changchun 130012, China)

Abstract ; In order to tackle traffic congestion and safety issues in expressway merging areas and to ensure efficient,
safe, comfortable, and stable travel of connected and automated vehicles ( CAVs) in these areas, this study
employs the DQN ( deep g-network) algorithm from deep reinforcement learning. By considering factors such as
vehicle safety, efficiency, and comfort, a reward function model for neural network training has been established,
and a CAV lane-change decision-making method for merging areas has been proposed. Using the open-source
highway-env simulation scenario, a simulation environment for expressway merging areas has been set up, and
experiments have been conducted on the mainline and ramps. The results of the simulation experiments show that
compared to the intelligent driver model (IDM) and the lane-change decision-making method in highway-env, the
proposed CAV lane-change decision-making method enables CAVs to quickly reach a stable driving state at a speed
of 22.22 m/s. It also reduces frequent lane changes and acceleration/deceleration behaviors, and optimizes the
time-headway between vehicles. This significantly improves the efficiency of traffic flow and ride comfort. The
research findings provide a new method for vehicle traffic management in urban expressway merging areas under
intelligent networked conditions. They also offer a decision-making approach for lane changes in future connected
and automated vehicles.
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Fig. 1 Merging area of expressway



100 - e NS B | A - =

557 %

1.2 BERFBRSRE
ARSCEE X CAV il P ok i 2 3 2% 08 B Aw
CAV i FHe I A IX FL M T E A5, H
PR (EE) JaAIWad TR RT3 R T, A8
PR B IE DX TR L WU — 20 BT i 22 302 5 Ak
SN [ B O IR A2 T8 AT B A Y L N L i i R
I EER H A 4 A B R A A B A S (]
18 ") Py BT B 788 2 75 K T T AR 7 I B e I 9 £ 7
GRS /N T U 2 A 5 e i Bl N s 22 i 2 D)
AL TREME N, AR ARTEZ I Y, B s
FERAR SRR IR AR TEA T AR S N B ARG
R S Wy A 3 Y SR B R AR KT H B U A
(G795 N e 6T 93 -y N SR B S S R S T K iy
9 R 2, HER 3 AT RN B, B e/
LA A VT R R ) W B T S 4, R

A, R ST DRl B B R 4 5 e A4y
AT LA Dl L R R 0 T T, B 8 58 U AtaE . LA
WO ARG, R AR R H A, o P

AU XIGE , A SRS EGRIX AN, His4-40
BRI DS I i 4 W T 1 4 AN
A W ARSE PR RIS AT AT B, IS 00T, 4R H AR 22
TR IR A X, I L SE R S I 55 1Y S0 kA
SR, RIE 2205 27545 T DX i B T B A
F/ NI AR AT DL 22 4 S B 4 A LR AT A
DU, FRR 40 2 3 B2 3P 22 1 B A58 PR 3R B
AT R A FEER, G 3 AT T P HE AT AR B0 47
g NS A e Dl (R W e A A 4 TE AL S A
i, E PR S U X L, Rl T SR i R A
K 207K,

S 2 2 R B

GiBuRy ST
H Wi IE 7
v

L 2

|
2
o tormavikEs e— [ pmmenxma

h 2 v
[ mem | [respemeem|  |xemmm|

AT HIE

— AT #eIE

B2 HRIERETXE R M B RIRE R KR E

Fig.2 Lane change decision-making process of intelligent networked vehicles in expressway merging area
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Fig.7 Comparison of the acceleration of the main line vehicles in the merging area
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Tab.4  Statistics on lane changes during the running of the CAV main line
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Fig. 8 Comparison of the time distance between the front of the main line in the confluence area
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Tab.5 Statistics on the number of CAV lane changes from ramp to main line
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Fig. 11  Comparison of the time distance between the front of the ramp in the merging area
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