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Collaborative Optimization of Ship Stowage Plan and Yard Container Unloading
for Container Terminal

Abstract

Abstract: Stowage plan is an important component of the operation production for the container terminal,
which directly affects the handling efficiency and shipping safety. The aim is minimizing the total
reloading numbers of both the yard and the ship bay, in view of the constraint of ship heeling moment and
loading for light upon heavy, the model is employed for collaborative optimization of stowage plan and
yard unloading for multiple destination ports and multiple bays. The hybrid evolutionary strategy
algorithm is adopted with the local search algorithm. As to ship stowage play for multiple bays, a heuristic
rule for the ship bay assignment is presented to assign the ship bay in the initialization phase of the
individual coding for the algorithm. A three-dimension individual coding is designed and the encoding
method is employed based on the yard unloading generation combining with the ship bay loading rule and
the bay column load method. The computational results of different size examples show that the hybrid
evolutionary strategy algorithm based on the heuristic rule has better optimization performance than
particle swarm optimization algorithm and heuristic algorithm.
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Fig. 1 Schematic diagram of container ship stowage
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LESKAARS, HES-HR &k, HES HyLH1 PSO 5.
Vil RIEARTRBAEE A 1000 ¥R, ESHET 20 K.
HA-SR &g T rpalig R A07vk, Hisfr 1k,
4.3 LIS E R

BOE T 12 AAFRMBKEBIWE 2 Pros. e
R T 20 ft, B E. . 2 3
FPRAL . WEEA R ELEE 16~20 t, HE A
FEA) 50%; HHATI LRI 11~15 t B
JEAAE) 30%; AR E RV 5~10t, AR A
SRR 20%, SRR L ELAN H XM 5 e v
WBEHLA e 07 (TS0, SR 1 B ik
R UAE R, BB ANR R SRR, RO AR )
DUREE5H4 o

4.4 Ja R AN SEL 2 Hr

oA T BRE S R R R AT LA P
P2 fi1 P3, [Alf K HES-HR $Ly: A1 HES §92:4)
BT KA, BT R WK 3 Pron. Hrp,
fi 20 PAAT I B /N SVBIRE IR, f2 T 20 IGBAT
(T X B BIAR IR, £ o0 20 YIS AT I T35 3E 3% DL
PEABIFEIREL, fa 9 20 YGSAT V- ¥ M An DA (8146
HL M 2R 20 UGB AT I BT DURE ) Je R A 6 g
(tm), ¢ A FI R AR E] (S)

*2 SEBE
Tab. 2 Experimental examples

HApl JHs AR DL U ek H s 5 H B e S E

s o B P H HH 2 S 3 5 4 5 5 5ith 6 5
P1 10 600 3 220 200 180 0 0
P2 10 600 4 120 200 180 100

P3 10 600 5 120 100 180 100 100
P4 15 900 3 320 300 280 0 0
P5 15 900 4 220 200 280 200 0
P6 15 900 5 180 200 180 200 140
P7 20 1200 3 400 300 500 0 0
P8 20 1200 4 300 300 400 200 0
P9 20 1200 5 280 300 240 200 180
P10 25 1500 3 500 620 380 0 0
P11 25 1500 4 360 360 320 460 0
P12 25 1500 5 300 280 320 240 360
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Tab. 3 Example analysis of heuristic rules B )
f 1 4 5 wm ORI, NEIE TN G, AR EREMET
,;2 467 7(-)3 8(-)3 JEHER, e BN AL LM, R AT AR
HES-HR fi 47 73 8.3 Fho DRI, HH O A R A B AT U AR AE A AL H
M 51.2 46.4 41.8 Fr A B
t 240.1 282.4 322.6 .
fi 84 159 165 45 THHER
f P A4 BRI HES-HR $53: . PSO 517 HA-SR
3 . .
HES £ 16.3 55.3 703 SRR 2 TR AT K AR, B TRk 4
M 56.2 529 428 B, HAbnPE 4~7 Fios.
t 344.4 408.4 462.6

HHE 2 (6) 7T 45 AR VT [R5 R AR )44 61.61 tm
(VIArg5kg¥57% 10 A1), FE 3 HISE R AT LUE i, %
FREMUS AEAR, 2 PR AR A 2 A0 24 Y [
W o TG T-HES AR IR B, oA FE AR R
T, ALAEH HES-HR Sk sRid 4 J o AT
HES &3%. [RIN, A E &AM, HES-HR
SR ) SRAR T T) S L, 255 SRAR 80 I AT HES
e BRI, R R e W] 4 THIR S AL 55
WSRO AR o % e ORI o HE S AR

MR 4 FIE 5 F, 6T i MU S BIAR U H
bk, HES-HR HEMILAE A B4 T PSO
FATHASSR Ji k5. IWE 5 iTLUEH, 4
SRR/, HES-HR 53R PSO Sy Lk
SRR 2R 7 SU(HA-SR), 1521 (1 HE 37 R AR DAY
(R S IRBI B D o AAHFIEARIRECT, HES-HR
SO SRAF I B BRI B /D, SKRIFRCR AT . 45
B RRREE I, HES-HR Sk AT PSO 5y
A HA-SR 535, AT3SR Re A0 1) A SKAS- et 1)
PR DA 806 Y BSOR HE 3 DU 840 VKK

R4 ARSHEIHER

Tab. 4 Calculation results of different algorithms

AP P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
A 1 4 5 1 6 10 9 11 14 13 15 18
f2 4.7 7.3 8.3 5.3 8.7 13.7 12.3 155 16.3 16.7 18.3 19.3

fa 0 0 0 0 0 0 0 0 0 0 0 0

HES-HR

fa 4.7 7.3 8.3 53 8.7 13.7 12.3 15.5 16.3 16.7 18.3 19.3
M 512 46.4 41.8 32.7 43.7 35.9 38.5 47.0 47.4 49.8 40.7 50.2
t 2401 2824 3226 2859 3685 4156 3725 4189 4675 4457 479.6 562.4

h 18 20 22 19 32 50 98 107 112 102 124 131
fo 220 26.7 28.7 26.7 36.7 573 1057 1085 1283 111.3 128.7 135.0

PSO fs 0 0 0 1 0 0 0 0 0 1 0 0
fi 220 26.7 28.7 25.7 36.7 57.3 1057 1085 1283 1103 128.7 1350
M 385 42.0 374 385 37.2 415 38.6 34.6 491 555 47.0 59.3
¢+ 1185 1394 2187 1804 2186 3045 2628 3286 3947 3554 4074 4809

A 26 29 32 55 68 95 116 124 151 158 168 184

f2 26 29 32 55 68 95 116 124 151 158 168 184

fa 0 1 1 3 0 1 0 3 0 0 1 5

HA-SR

fa 26 28 31 52 68 94 116 121 151 158 167 179
M 452 315 31.0 42.7 40.9 32.5 43.4 37.9 49.6 449 32.5 46.7

t 3 3 4 5 6 6 5 5 6 5 5 6

http: // www.china-simulation.com

* 1696 «

https://dc-china-simulation.researchcommons.org/journal/vol33/iss7/21

DOI: 10.16182/j.issn1004731x.joss.20-0161



Liu et al.: Collaborative Optimization of Ship Stowage Plan and Yard Containe

5335 T Vol. 33 No. 7
20214 7 /1 X HE, S5 SRR SLAR AN 22 DU B0 YL U P R AAG AR 5 Jul. 2021
200 P—— M6 SKE, BT SRR LT ) AP A
""" Eﬂm ,/3 BB I MR DU g b, A1 A A {051 g i 380 7 O
— . —HA- -
ﬁwm _ UEAE LA Bl A (R 0 e s KBl 61.61 tmy), i
E : _x“‘n,q,:""f WY AR AT R . B 7 K, HA-SR ik
& 0of o T TR, BRI TR S . HES-HR
pas) B Fd N N 7,
ﬁ A Bk BOR AR RIS AT PSO $3k, (HAE R #5230
= r N S Sy
sop L [Py FLAE SRR, PRI &SR AR TELE . IR
s Vel 8 1Y LA HY, T2 H 92 U AR AR L P I
O b1 P2 P3 P4 P5 P6 P7 P8 P9 PIOPIIPI2 HHMHE WU P R LA, HES-HR SLREMS £
L D IRIEAR R RS SR AR SS9 41
M5 CPRMEREIGIE T PSO ik, B BAFIIHRALYERE .
Fig. 5 Comparison of average total empting times
60 140
120 - :ESES'HR
50
100 F
.LS
2 4Or F 80 ""-1
< X
& 30t € 60t T
R e \"—\_
= = 40
= —— HES-HR i
L I — PSO
— - —HA-SR 20 1
10
0
— 00 VN AN AN O N O — o0 Vv AN
b i o PR SAFESTABLEREE R
P1 P2 P3 P4 PS5 P6 P7 P8 P9 PI0P11P12 IEAIREL
SIS 8 56 L
K6 R L Fig. 8 Shows evolution curve of example 6
Fig. 6 Comparison of maximum heeling moments
600 5 ?l%i/lt\;
—— HES-HR
500 B L ) S AATC 28T Rl R 8 9t/ e 8 A Ml o 7
@ ol PR, ) TRBRECR, BIE
= . N N \ S AW
= AT . AR CERE HE RN 5 MR 2 DAL
o .
g 0 UL PR R % R R A R
oy _
= 200 WA, DAEERRR A i ME o B, 58

PLHE S WO -5 1 R 22 DURE DL Py 28RS B R Bk o

TR T IO EA b, B2 T 361 R A O AN

1 v2 3 P P P6 P7 P8 P9 PIOP1IP12 TEAL S I DU AL SR A T PR A, TS5 R
|7 jzﬁsﬁ’aa:l;j;m AT SHERATAE

Fig. 7 Comparison of solution time ARSCHIEFE A ZERE XS FEAR 22 DURL DU P9 FCACRIE

AR RPEAL,  HE— 2D B SORE & 5 3E S

100

http: // www.china-simulation.com

1697

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 7, Art. 21

% 335 T
2021 4 7 J1

i AR DLTH SR D Py R ) B R LA R T

S7% 3CHR -

[11 KWt Jug5ag, FEOuln, S5 SRBARREMIIU inl )
Ja R AFEEDI]. R TRE, 2010, 21(9): 1070.
Zhu Minghua, Fan Xiumin, Cheng Huanchong, et al.
Heuristics for Export Container Loading Sequence
Problem[J]. Journal of China Mechanical Engineering,
2010, 21(9): 1070.

[21 &, =W, R, & LT LA RN AR R AT BT
P PRAGLI]. R F K272 #4H, 2011, 37(1): 71-74.
Jin Zhihong, Lan Hui, Bian Zhan, et al. Optimization on
Containership Loading Scheduling based on Actual
Constraints[J]. Journal of Dalian Maritime University,
2011, 37(1): 71-74.

[3] Ji M J, Guo W W, Zhu H L, et al. Optimization of
Loading Sequence and Rehandling Strategy for
Multi-Quay Crane Operations in Container Terminals[J].
Transportation Research Part E (S1366-5545), 2015(80):
1-19.

[4] BUER, W%, 8O0, & BT R EEHRIN R R
SRR AR AL ). R BIEMARZ TR
&, 2016, 16(2): 191-199.

Zhu Huiling, Ji Mingjun, Guo Wenwen, et al.

A

Optimization of the Container Retrieving Sequence and
Rehandling Strategy based on Stowage Plan[J]. Journal of
Transportation Systems Engineering and Information
Technology, 2016, 16(2): 191-199.

[6] BLER, T, LAAMN LR R

Sk A S 0], AT s TR A AR, 2014, 14(5):
59-67.
Zhu Huiling, Ji Mingjun. Optimal Model and Improved
Genetic Algorithm of Containership Stowage on Full
Route[J]. Journal of Traffic and Transportation
Engineering, 2014, 14(5): 59-67.

[6] Aradjo E J, Chaves A A, Neto L L, et al. Pareto
Clustering Search Applied for 3D Container Ship
Loading Plan Problem[J]. Expert Systems with
Applications (S0957-4174), 2015, 44(1): 50-57.

[71 #ie, ShR . SRR BERC I8 F e P il ). K

IR K2R, 2018, 44(1): 72-79.
Yang Wei, Han Xiaolong. Loading Optimization Problem
of Container Liner[J]. Journal of Dalian Maritime
University, 2018, 44(1): 72-79.

[8] i, b, HEEE BT i T2 AR R

E R
Journal of System Simulation

\ol. 33 No. 7
Jul. 2021

Bk O sR[9].  bifgifs oK 2% 244k, 2019, 40(3): 6-13.

Jin Jian, Mi Weijian, Xia Mengjue. Stowage Decision of
Container Ships based on Dual Cycling Process[J].
Journal of Shanghai Maritime University, 2019, 40(3):
6-13.

[0 2R, K&, Th=A, 5. 2565 T SR AT AN TC 2

PRWFIE]. liE RS TR 515 8, 2019, 19(1):
200-207.
Li Jun, Zhang Yu, Ji Sanyou, et al. Inland Container Ship
Stowage Planning Decision with Multiple Container
Types[J]. Journal of Transportation Systems Engineering
and Information Technology, 2019, 19(1): 200-207.

[10] Akio |, Kazuya S, Etsuko N, et al. Multi-Objective
Simultaneous Stowage and Load Planning for a Container
Ship with Container Rehandle in Yard Stacks[J].
European Journal of Operational Research (S0377-2217),
2006, 171(2): 373-389.

[11] B2, -GN SEEEMEMIBT I 2 HEREHOR IR
WA VLY ST, 2012, 29(10): 3636-3639.
Li Ming, Zhai Jingang. Multi-objective Integer
Programming Optimization Model for Loading Sequence
of Container Ship[J]. Application Research of Computers,
2012, 29(10): 3636-3639.

[12] skae, FEEHL, R, &5 B IRIZNT FE A&

(3 DL P HRAR B AL ], SR & B4, 2018,
30(3): 831-839.
Zhang Yu, Cheng Huimin, Xu Jin, et al. Simulation
Optimization on Multi-Ports Slot Plan Problem
Considering Dispatching Sequence of Containers in
Yard[J]. Journal of System Simulation, 2018, 30(3):
831-839.

[13] XS HE, S, TR, AR MEAN DL Py T B3R HE 7

AU B LA 0], sk R LR 5E R, 2019,
19(6): 223-230.
Liu Zhixiong, Yan lJialan, Zhang Yu. Coordinated
Optimization Problem of Slot Planning and Shipment
Sequencing[J]. Journal of Transportation Systems
Engineering and Information Technology, 2019, 19(6):
223-230.

[14] X HE, KK, TR EER. FeT b SEE S (AR AT

FEEAA DA BEBALAR L], THEEHLTRE S et 2019, 40(9):
2725-2731.
Liu Zhixiong, Yan Jialan, Zhang Qiwei. Optimization of
Slot Plan Problem Based on Evolutionary Strategy
Algorithm[J]. Computer Engineering and Design, 2019,
40(9): 2725-2731.

http: // www.china-simulation.com
* 1698 «

https://dc-china-simulation.researchcommons.org/journal/vol33/iss7/21
DOI: 10.16182/j.issn1004731x.joss.20-0161

10



	Collaborative Optimization of Ship Stowage Plan and Yard Container Unloading for Container Terminal
	Collaborative Optimization of Ship Stowage Plan and Yard Container Unloading for Container Terminal
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/TKUcorbugy/tmp.1688103004.pdf.eP5hf

