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Abstract: As the world’s largest Roll-on/Roll-off Passenger ( Ro-Pax) terminal, Zhanjiang Xuwen Port faces severe vessel
scheduling pressure during peak operation periods, placing higher requirements on scheduling efficiency. To address this
issue, this paper, based on previous research, proposes an optimization method for the inbound and outbound sequence of
Ro-Pax vessels by further considering constraints on dedicated berth for Ro-Ro vessels carrying dangerous goods and the
characteristics of variable-speed vessel navigation. First, the inbound and outbound sequencing problem of Ro-Pax vessels
is modeled as an Asymmetric Traveling Salesman Problem with Time Windows ( ATSPTW ). Then, constraints are
formulated according to the navigation rules of the harbor basin and channel, and a weight matrix reflecting the minimum

scheduling time intervals between vessels was constructed. Subsequently, a bi-objective dynamic programming model is
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established to minimize total scheduling time and total waiting time. Finally, a bi-objective Pareto optimization algorithm

extended from the Held-Karp algorithm is developed to solve the model. The numerical experiment resulst based on actual

operational data show that the optimized scheduling plan significantly outperforms the actual scheduling plan in terms of both

total scheduling time and total waiting time, with optimization rates reaching 6.50% and 31.09% ,

respectively. The

simulation experiments conducted using the FlexSim 3D simulation software further verify the safety and robustness of the

optimized scheduling plan, with no violation of navigation rules observed throughout the entire operation process. The

proposed optimization method can significantly improve scheduling efficiency and provide decision support for vessel

scheduling at Xuwen Port and other similar ports during peak operation periods.

Key words: waterway transportation; ro-pax terminal scheduling; dynamic programming; zhanjiang xuwen port; bi-

objective optimization
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Tab.3 Information of vessels to be scheduled
Wa A 2R BUbRERSE Rz BRI Z)
A #10  Hk 18:15.00
B #3 s 18:15.00
C #14  HHE 18:15.00
D # M 18:15:00
E # PR 18:40.00
F # R 18:42.00
G #10  JEHE 18:48.00
H #16  HEHE 18:49.00
I # 18:15:00
J #15  HEk 18.15.00
K #7 s 18:15.00
L #6 s 18:15.00
M #7 PR 20:12.00
N #14  JEHE 20:17.00
0 #15 Prgk 20.25.00
P #13 18:15:00
Q #11 HH 18:15.00
WIR(E R 18:15:00
G #10 HEs FEIAASERERCA
AT 1 h )5
R #11 ek 21:13.00
# R 211100
WIRIE R 18:15:00
E # W AR R
RN 1 h )5
WIUHIE R 18:15:00
F # W AR R
HEERASEHE 1 h R
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Fig.4 Pareto optimal values
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Tab.4 Actual and optimized vessel scheduling plans
SEBR i EE TR DA BE TR
e . \ e
M e e xw T T i s wt e T SR
1 A #10 H#: 18.15.00 18.31.32 C #14 s 18:15.00 18:30.33
2 B #3  HiWE 18.25.00 18:41:00 A #10 ik 18.20.00 18:37.51
3 C #14  Hk 18:35.00 18:52.00 D #9 M@ 18.27.00 18.45:14
4 D #9 U 18.45.00 19.01:00 E #3 ki 18.45:.14 19.05:14 0:.05:14
5 E #3  #ds 19:02:00 19:24.00 0:22:00 H #16  #b@E  18.50.57 19:06.22 0.01.57
6 F #9  #dE 19:10:.00 19:33.00 0:28:00 F #9 Ak 18.58.57 19:18:11 0:16:57
7 G #10  #Bd 19.18.00 19:40.00 0:30:00 G #10  HE#E 19.07.20 19:26:11 0:19:20
8 H #16  HE# 19.24.00 19:50.00 0:35.00 P #13 @ 19:26.11 19:42.07
9 I #  H¥ 19:30:00 19:46.00 I #5  H#E 19:26:11 19.46:42
10 J #15 ¥ 19.38.00 19:55.00 Q #11 s 19:37.24  19:54.29
11 K #7 M 19:43.00 19:59.00 B #3 W 19:.37:24  19.59.04
12 L #  H#E 19:53.00 20.08:.23 J #15 W@k 19.50.20 20:05.07
13 M #7  #kdE 20.12:00 20.33.00 0:00:00 K #7  H#: 19.50:20 20.09.43
14 N #14 Yk 20.17.00 20:37.00 0.00:00 E #  HE 20:.00:14 20:19:14
15 (0] #15  #bd 20.25.00 20:45.00 0:00:00 M #7  #dE 20.19:14  20.39:37 0.07:14
16 P #13 s 20:33.00 20:53.00 0 #15  #E#E 20.25.26 20:41:13 0:00:26
17 Q #11  Hk 20:37.00 20:59.00 N #14  HE#E 20:33.26 20:49:59 0:16:26
18 G #10 Hyk 20.50.00 21:08.00 L #6  H#E 20.39:37 20.59:46
19 R #11  PE#s 21:.13.00 21:29.00 0:00:00 G #10 M@ 20.50.03 21.07.54
20 S #0  #FdE 21.21:00 21.55:00 0:10:00 F #9 @ 20.57.03 21:15:17
21 E #3 WM 21:35.00 21:52.00 S #0 @ 21.15.17  21.32:17 0.04:17
22 F # MW 21:46.00 22.00:00 R #11  HEdE 21.27.17 21:.45.22 0:14.17
SRR B A ] 3.45.00 3.30.22
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Fig.8 Three-dimensional simulation model of Xuwen Port
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