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Ship Loading Plan for Tandem Crane

in Container Terminals

Sun-Cheol Kwon

Department of Logistics Engineering

Graduate School of Korea Maritime University

Abstract

As the rapid increase of the container trade, most of the container terminals strive to
improve the container handling productivity. Therefore, they consider to find -efficient
operating strategies and to introduce new container handling facilities. In terms of
equipment, there are a variety of types of quay cranes. Single-lift crane operates only one
container regardless of size and twin-lift crane operates two 20' containers or one 40'
container simultaneously. Tandem crane, recently introduced, can operate four 20'
containers or two 40' containers simultaneously. In this paper, we propose the
mathematical model and the solution procedure of the ship loading scheduling problem for
the tandem crane. The Genetic Algorithm and Tabu Search are suggested for solving the
solution. Experimental results show that the heuristic algorithm obtains solutions similar to

the optimal solutions by the optimization model.
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d;: oFECNA jAHIUE A o= A ARt

<dA Wee>
e oAE ey i7F YT kol &gEd 1, 238X o
y, - A"y 7} dldeow g 49 1

t: QC7t oFERNE Aol AH o UE FgatE Azt
(YT7} &27F 5= Az

3.22 23§

<

A
X

>

Minimize t, (1

<A FA >

dwi =1 iEN (2
ti+d; < t;+M2—af —a) i<j, iEN, jEN, kEYT (3)
tiv1—t; = C(1—y,) iEN, i #n, i= TD 4)
tiv,—t < M(1—vy,) iEN, i#n, i = TD (5)
Yty =1 iEN, i#n, i=TD, i+1=TD  (6)
t = ;dfﬂ?f iEN 7
z¥=0or 1,y;=0 or 1 1EN (8)
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begin
A E=Za () = 0
P9 27H&7IZASEHHY 2A=) AA)
P(t)e] A&= H7HEHE A o]8)
while(F8x10] ®=2 wj7-4]) do
begin
t=t+1
Pt-D=FH POE Ad
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P(t)e] A&= H7HEHE A o]8)

end

end
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(23189)

P, =

P,=(523178469) —

AAM A

4l

Step 4.

(X XX4567XX)

0, =

(X XX8 469 X X)

0, =

I

A
11 Py, P& A& JHAIR o)

2 =

bar e

A 9

A= A Step 394 =&H P/, P,
/]\j]'O]

o=

Step b.

)

FA = 5L

3|

B el de A

3

&l ¢

b )

AE

pS)
=

=

]

*

1. =4 o] (Mutation)

a

R
1

)

——
o

B

_22_



el

=

Ho

©

i

o] A= obzhsh Pk,

Step 1.

o) P,=(12314567189)

Step 2.

- P

P/=(123176541809)

o] th7 7HAl

Gs
B
b

14

3

o] &of ¢

ol
N
)

i

b e =

3|

e S E I

bl 2

3|

s

A EFE 274 wE

= T
[SIE)

48

BE o

b oA

AANA g

<
T

g9t T8

o

o

]_

THA] Al

ol

=

3.33 B AA(FSE HIH

5o &

4+ 7}

bl %

Auto 7 &

o Ae 2

gl

A

E=9

_23_



KeN
=

TR

o A YT =+

7] wiiell BR A A €

B A TxE

3-4>+=

2
=

ook <

begin

o 74A])

KeN
=

1o Aol g

3

Repeat(d o]

A7 A4 2 OERERE Y4

Until stop

end

<O9 3-4> EF AA Y 7=

o W= gl

i

Al

o) 2w A

i

oj 7ttt wekA Nis)el 27|

==
=

°]

2 :

ek 1 ARE &4, 1

3|

el ARt 7k

_24_



Step 1. 4Qe 2AZ B st 2ol 4 YT @Farh (YTE 3
o Aol e 9lea g
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YT3 = (369)
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ke AR | AWAEIHER) | ARIAIHE) | EIRRe] (%)
1 0.64 1625 0.01 2.603
2 0.28 1631 0.01 6.881
3 1.03 1981 0.01 7.946
4 0.67 1560 0.01 0.048
5 0.19 1394 0.01 12.148
6 0.36 1755 0.01 8.200
7 0.44 1734 0.01 3.092
8 0.64 1792 0.01 9.871
9 0.28 1456 0.01 0
10 0.20 1660 0.01 8.710
Bt 0.47 1658.8 0.01 6.465
1 2.06 2061 0.01 8.645
2 2.07 2069 0.01 3.918
3 213 2128 0.01 3.06
4 2.11 2111 0.01 3.076
5 2.10 2098 0.01 3.903
6 2.37 2370 0.01 9.317
7 2.07 2073 0.01 11.332
8 1.94 1940 0.01 1.677
9 2.10 2104 0.01 8.008
10 2.02 2021 0.01 7.329
Hat 2.10 2097.5 0.01 6.071
1 887.78 2074 0.01 9.392
2 1090.17 2617 0.01 4722
3 879.73 2402 0.01 4.944
4 847.17 2019 0.01 1.124
5 1434.77 2417 0.01 3.868
6 2023.99 2688 0.01 4754
7 933.70 2458 0.01 0.268
8 228791 2682 0.01 6.683
9 o605.38 2842 0.01 6.322
10 7140.10 2087 0.01 2,757
Bt 2318.07 2030 0.01 4.983
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of B% E&H YT 90| /b5 Rojeta Aza,
FoAA APom oY A9 F9 AL Aol AWl Hgshel dPsty LA
stk WA A Gl AMA BE G&H AE EEeE wyu

<E 3-3> A3 dely 1

2 200 | 24" A7) A nLA}E =ddols
24, 48 20, 30, 50 20, 30, 50 05, 04, 03, 02 | 02, 0.1, 0.05

Ay Ay 2] g AlY g, wAbs, EdWolsd WE e g okl <&
<

34>, <& 3-b>, <F 3-6>, <& 3-7>3 o], AL <F 3-8>7 Fo] &Y
A,
<3E 34> BdEe] Av)d wE 4
2 | 2Eg 27| A 2 | 2Eg 27| A
20 1644.78 20 2949.61
24 30 1629.44 48 30 2933.61
50 1614.39 50 2910.72
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<3t 3-5> Ald] ol wE A3
2] Ao & A2 (HF ) 2] Ao & A2 (HF )
20 1644.05 20 2955.67
24 30 1633.94 48 30 2937.06
50 1610.61 50 2901.22
<¥ 3-6> uwAE wE di}
2] EAA <3 AIH(H 1) 2] EAA <3 AIH(H 1)
05 1630.59 05 2930.15
4 1626. 4 2935.04
o4 0 626.30 48 0 935.0
0.3 1625.56 0.3 2924.96
0.2 1635.70 0.2 2935.11
<E 3-7> EQ1Wol&o| wE Ay}
2] Zodol g | ZAIH(H) 2 F Zodol g | AIH(H)
0.05 1641.00 0.05 2940.56
24 0.1 1628.83 48 0.1 2935.72
0.2 1618.78 0.2 2917.67
<F 3-8> AAEAZ
A | 2A" | Ald | AIZHE) | A S BRATE | AY | AR
20 1.724 20 14.943
20 30 2.433 20 30 27.109
50 4.097 50 38.437
20 3551 20 24.495
24 30 30 3.892 48 30 30 34.454
50 6.103 50 55.020
20 4.224 20 40.706
50 30 6.475 50 30 58.127
50 11.213 50 99.885
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<3 3-10> 49 A

2 200 | ARAIZHE) | FEE(%) | QC AMA(TEU/AIZY | ARAIZH )
24 1583 43.33 04.58 10.831
48 2872 43.33 60.17 90.784
72 4486 34.44 o778 317.975
96 o718 34.17 60.44 1001.165
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