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Abstract

In traditional driving environments, roundabouts have fewer conflict points compared to conven-
tional intersections. However, due to the need for vehicles to slow down and yield at the entrance,
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delays occur, leading to lower traffic efficiency. The emergence of connected and automated vehi-
cles (CAVs) offers significant opportunities to improve the efficiency of transportation infrastruc-
ture. This paper proposes a two-stage trajectory planning model for a single-lane roundabout, aim-
ing to enhance the traffic capacity of existing roundabout intersections with the help of connected
automation. The two-stage model is formulated as a bi-level optimization problem: the upper level
uses a mixed-integer linear programming model to optimize the arrival times of vehicles at the
roundabout, while the lower level optimizes vehicle trajectories based on the optimal arrival times,
with fuel consumption reduction as the objective. Finally, the proposed model is validated through
simulation on a typical four-arm roundabout, and the impact of different control zone lengths on
the model’s performance is discussed.
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Figure 1. Roundabout layout
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Figure 2. Vehicle reaches the limit conditions
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Table 1. Parameter settings in the simulation
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Table 2. Experimental simulation data
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Figure 3. Velocity, acceleration, and distance diagram for the same vehicle

3. El—FERE MR ETIEEE

PLERE AN 1200 FEATEAEH], HIHT 10 B4 15 N DE N2 DX 38 B2 AT®E FE AR L%
KL E 3 AT UUE A IR B HARIE L v, » T H AN ARAGVE A1 2 1 2208, @ EER AT
DA HH P52 AR AT S DA % 42 o) DX 4 1 2 S (X = 200 SK)ERAFEr 205, IE WA (1 T 4T 128

MG 4~ 6 PTLLE I E - BEEARA: BEAE X AU IN, 2R seodd FE AR 15 50 hn-F 2% . £ X=100
I, ZERIRIE BN BB R 2, RS AR A O R B N AT SRR, LI B H AR s T
X=200 i, ZEARAICE L REROA T A, ST R IR LR, R AR R R S T X
=300 I, I I e — 20 P22, 2R 0 R 3 P2 AR A SEODN LA, Dok h 4 5 A EL 4R 4] f e 2 7 R B
RO AR E M. IR - BEESAR A AE X=100 I, ZEAT R I B2 AR A0 BE UK, e A 2 AR G- 5 A)

ARBE, SR s 5 B0 R IR g b I ORRE DR, 3R B AR A S S v (R 5l ) BRI R . B X

AR 5 BB R

TR AT B OC R ]

15
145}
14+
13.5
131
12.5¢
=12t
11.5F
11

JECKR/TD)

T FECR/RD?)

10.5
10

0 50 100 150 200 250 0 50 100 150 200 250
TTREER B OK)

FTRLEEI OK)
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Figure 5. Velocity and acceleration-distance relationship diagram when X =300
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