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Research on the simulation and optimization for seaport
anchorage area configuration with an anchorage position

sharing mechanism
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(1. College of Harbor, Coastal and Offshore Engineering , Hohai University, Nanjing 210098, China
2. Port and Waterway Development Center of the Jiangsu Provincial Department of Transportation ,
Nanjing 210004, China)

Abstract: To promote the optimized integration of port resources, this study focuses on the configura-
tion optimization of seaport anchorage areas. Considering the increasingly diversity of vessel types, an
anchorage position sharing mechanism is introduced to more realistically characterize the complex inter-
actions among stochastic vessel arrivals, tidal variations, extreme weather, and berth constraints. A
multi-objective optimization model for anchorage position configuration is constructed based on the
discrete-event system simulation, aiming to minimize both average vessel time in port and anchorage
construction and operation costs. The Non-dominated Sorting Genetic Algorithm II (NSGA-II) is em-
ployed to solve the model. A case study of the Lvsi Operating Area within the Tongzhou Bay Port
Area of Nantong Port is conducted to evaluate the applicability of the proposed model. The results indi-
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cate that, a structural mismatch exists between the current anchorage position configuration and actual

vessel demand, characterized by a surplus of 50000 DWT anchorage positions and a deficiency of

100000 DW T anchorage positions; by reconfiguring the general and dangerous anchorages to four and

three 100000 DW T anchorage positions respectively, the system incorporating the sharing mechanism

can fully accommodate vessels waiting offshore, reducing the average turnaround time by approxi-

mately 3.71% ; further optimization reveals that, compared to the exclusive anchorage position mecha-

nism, the sharing mechanism effectively reduces vessel turnaround time by 1.2% to 7.5% under opti-

mized configurations.

Keywords:anchorage area; resource allocation; discrete event simulation; multi-objective optimization
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Fig.1 Feedback mechanism of the port system
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Fig.2 Flowchart of port system
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Tab.2 Pseudocode of the loop for the simulation model

HEEBFERARD

1 function mainSimulation (5 2 4R 25 state, {ff BL 2 1k A i)
t end):

2 //HEO

3 state.clock<—t_event //#fE JE {5 B} 4p

4 J/IHBRO+O

5  switch event_type:

6 Case “EVENT _SHIP _ARRIVAL”:

7 handle #5#A %) #s =F 4 (state, event data)

8 Case “EVENT _START _SAILING”:

9 handle _JFHA 4T 21 (state, event_data)
10 Case “EVENT _ARRIVE _BERTH”:

11 handle _#&ik 1A 17 9 1 (state, event_data)
12 Case “EVENT _REQUEST _FAIRWAY”:
13 handle _H i 7k A i i 2 1 (state, event_data)
14 Case “EVENT _DEPART _BERTH”:

15 handle _ & JFJA v F 1 (state, event_data)
16 Case “EVENT _DEPART _SYSTEM”:

17 handle _ B #s = 1F (state, event_data)

18 Case “EVENT _ARRIVE_ANCHOR”:

19 handle _#&ik 417 2 1 (state, event_data)
20 Case “EVENT _WEATHER _START":
21 handle _# ¥ K S H 4R 4 (state)

22 Case “EVENT_WEATHER _END”:

23 handle _H i K S 25 W {4 (state)

24 Case “EVENT _DAYTIME _START”:

25 handle _ H [H] JF 45 2 1 (state)

26 Case “EVENT _DAYTIME _END”:

27 handle _ H 1] £ 3 {4 (state)

28 Case “EVENT _UPDATE _TIDAL DEPTH”:

29 handle _ il {37 55 3 45 {4 (state)
30 default:
31 Throw exception(“AHF {2 H .7 + event_type)

32 end switch
33 end while//4F FLE5 A, T353R [ P e 45 Ar
34 return calculatePerformanceMetrics( state)

35 end function
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Fig.4 Relationship between simulation and optimization
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Fig.5 Geographical location of the Lvsi Operation Section
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Tab.3 Berths status of the Lvsi Operation Section

HERNER RS R AL OE BN E R A <SR /3 o K-S 4t p1E YA/ (W) 2/
KHEA Rk 1y 3.5 ik HUR A5 53 4 0.16550 0.90698 61.10 455.8
KFEHL) i3k 2906 3.5 J5 Mgk 1% An-2h 53 4 0.18609 0.69289 59.62 572.9

i 322 A5 Sk 87 A 10 mig R4 R T 0.11254 0.13625 31.81 441.2
WA Sk 9T A 107 migk  4E%EAH — — — 46.25 —
WS Sk 1079 17 10 migk  EH JB AT IR 3 At 0.13996 0.70717 60.50 511.7
W Sk 119A 1007z @A JB AT IR 53 AT 0.11538 0.69712 34.90 1085.6
T TR AD S 97T 7 B0 AN AL | AR AR (A A R 5 ER A
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Tab.4 Arrival vessels of the Lvsi Operation Section
o - Syl (J3 ) e/ %
0~0.5 0.5~1 1~3 3~5 5~10
A bt 46 54.3 6.5 23.9 8.7 6.5
THHE 49 16.3 4.1 0.0 12.2 67.3
R REA 70 0.0 41.4 57.1 0.0 1.4
16 Bz 29 62.1 0.0 13.8 10.3 13.8
x5 MmMMEGEREERINE SR
Tab.5 Fitting results of vessel inter—arrival time
LA A K-S4iit & P18
55 53 4 0.04714 0.76621 (i)
Ja AT IR 43 A 0.04757 0.75664 (il i)
R A 0.04828 0.74041(if i)
Xof B S 43 A 0.09113 0.07612(i# i)
&AM 0.16535 0.00004 (A1 i)
K Kl 43 A 0.31163 0.00000( A i i)
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Fig.6 Fitting curve of vessel inter-arrival time
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Tab.6 Anchorage areas of the Lvsi Operation Section

i Tfi A1/ km? 037 T &

1 4 5.68 SRTC o T

27 b 3.41 ?j\ffﬁmﬁﬁ £ B i
4.1.4 RXLERZHER

BT B R MR & g B e Bols o (https://
www.geodata.cn) B ECHE , A BIF 58 X5 5 DU ¥ 3t ) 47
A TR AN 3BT A5 3 84> F2HE 53 A PR FR £ 4N
R 7R ARA(2) J5 T4 21 58 8 0 W A7 o P eR 5

F7 BHEMELREDEMER

Tab.7 Tide harmonic constants of the Lvsi Operation

Section
44 JREL B0
F K1 A 28.98 1.20 145.2
F K BAE A 30.00 0.36 181.4
K BIMG R = 22 [ 28.44 0.25 121.5
KBA-K B et A 30.08 0.10 181.4
K I-K A A n 4 H 15.04 0.41 215.3
FRBI4 B 13.94 0.30 187.6
F R4 H# 14.96 0.13 215.3
KA 24 H M 13.40 0.06 167.8
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Fig.9 Navigation time windows satisfying tidal and daytime

constraints
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Tab.8 Parameter calibration
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Tab.9 Simulation results of the as—implemented anchorage position configuration
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Fig.10 Pareto solutions of anchorage area configuration
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Tab. 10 Comparative analysis of optimization schemes
B Sy BRIl i H 16 5z F(K)/h  F.K)/{¢TC BSUsiiin/ g w8 205 s SR an /g
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Fig.11 Trends of the time function under different anchorage

allocation mechanisms
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