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Abstract: To solve the integration problems when quay cranes are applied with double cycling and increase
the speed of turn-around of containers in the container terminal, this paper researched in the integrated
scheduling of quay cranes and trucks. An integrated scheduling model with the objective to minimize the
makespan of the ship was developed. The task assignment and scheduling of quay cranes and trucks are
optimized by the proposed model. Compared with traditional operations, double cycling increases the
working stage of trucks and increases the difficulty of solving this problem. An algorithm based on
heuristic rules was designed to solve large scale problems and results are compared with those obtained by
low bounds. Results show that the proposed algorithm can increase the speed of solving the model. The
integrated scheduling of quay cranes and trucks contributes to increasing the speed of double cycling of
quay cranes and thereby provide theories for the container terminal.
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s SR e B O FhobsoR B . R R SRR 1S Y iR
Pl L 5 Cplex 3K 15 19 & 1L % °F- ¥ Gap {H K
7.36% . & BIASCE T i & 2B SR AR Y A Y T
et AT DAE #9252 (T L O L SR ikl B

H 1 Al AR A B (N R T 30,46 R
B (N KRF 12, B ECE (N KT 3 B, Cplex
SRARIS K F 2 he Bt o T 3k — 25 20 g & U5
P AR SCER Y 2 AR BUE 0 ik IR R 12
AR AT /307 S BRI 1 SR R L 2 i 14
IR R A VEE R AL R TS e 2Bk X B R
BIHEAT R A 24T 10 AR BT Y9 ME 345 2 45455451

) LBL A1 LB2. GAP1 1 GAP2 iyt 405N
GAP] = B AL PR A fH — LBI
Ja & R R e
GAp2 = 8 KR R Al {H — LB2
Jet A AR I Bl B A ME
T2 MR SRR A ORI &
R 6% 76 A7 RIS B) P SR A O ASE ) R, S5 R AL 1Y 2 A
TRAEAM . GAPL WA 17.42% . GAP2 [
SR 4.6%.
(2)F FHE 3 #r.
N T Hr AR SR 2 AR SRR L EC 12 AR
Ivi) RASE (1) 5481 2R A7 43 BT #F SR A 25 R 5 Cplex Itk
18 K & 25 0 L e R i 47 X . GAPL,
GAP2.GAP3 fil GAP4 [ 3158 )7 34 3l Ky
GAp] = A AL Pl A {H — LBI
Jet A AR I Bl B A M
GAp2 = A KR PR Al {H — LB2
Jet A 2R I Bl B A M
Cplex f i —LBI
GARs= e
Cplex f i —LB2
Gapi= S e
3 ML R R L LBL f1 LB2 2 K f#
AR SCRRY R BB A 77 TSR IEAN R R BOR
FUEA 220, M4 R BOR B W & B R A
i 156 BH A R 500 R 7 A L O R A e A R AR
8 AR B ) B ARG PRt , B2 T 4230 R A A
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Tab.1 Computation results of small scale problems

1] R0 R AR Cplex Jet & A
=17 GAP/%
(N1 XNz X N3) e /min KA ] /5 JE ARl AR B/ min SR AR /s

1 15X2X6 42 1643 46 0. 46 9.52
2 20X 2X6 54 2302 59 0. 46 9.26
3 25X 2% 6 68 3028 74 0.47 8. 82
4 15X2X38 37 1685 39 0.52 5.41
5 20X 2X 8 49 2396 51 0.53 4.08
6 25X 2% 8 62 3297 66 0.55 6.45
7 30X 3X10 69 7816 73 0. 81 5. 80
8 30X3X12 57 7924 61 0. 89 7.02
9 40X3X 10 76 7895 82 0.93 7.89
10 40X 3X12 64 8017 70 0.98 9.38
11 45X4X12 — — 88 1.21 —
12 60X 4X 12 105 1.43
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Tab.2 Computation results with large scale problems
) 5 AL A i AR ik
] 4 LB1/min LB2/min GAP1/% GAP2/%
(N} X N2 X Ny) AL L5 P (/ min SRR E] /s

1 40X 3X12 70 0.98 62 68 11.43 2. 86
2 80X 3X12 153 1. 69 125 149 18. 30 2.61
3 150X 3X13 239 3.47 193 234 19. 25 2.09
4 120 X4 X13 195 3.53 157 184 19.49 5.64
5 180X 4X 13 292 4.25 218 273 25.34 6.51
6 260X4X13 397 5.37 329 369 17.13 7.05
7 340X 42X 14 426 6. 81 348 394 18. 31 7.51
8 420 X4 X 14 519 8.34 395 482 23. 89 7.13
9 500X 4X15 508 9.58 434 471 14.57 7.28
10 600X 4X16 624 11. 35 542 607 13.14 2.72
11 700X 4X17 703 13.97 597 689 15.08 1.99
12 800 X4 X 18 827 16. 82 719 812 13. 06 1. 81

*3 BEAHTHRESH

Tab.3 Lower bound of the model
W R oL
LB1/min LB2/min AL/ GAP1/%  GAP2/%  GAP3/%  GAP4/%
i (Np XNy X Ny) i IR {E/min
min
1 10X 2X4 45 46 49 54 16. 67 14.81 8.16 6.12
2 10X2X5 36 38 40 45 20. 00 15.56 10. 00 5.00
3 10X2X6 31 34 36 41 24.39 17.07 13. 89 5.56
4 15X2X4 62 64 68 75 17.33 14.67 8.82 5.88
5 15X2X5 49 51 54 60 18.33 15. 00 9.26 5.56
6 15X2X6 37 40 42 46 19.57 13. 04 11.90 4.76
7 20X 3X8 48 50 53 58 17.24 13.79 9.43 5.66
8 20X 3X9 40 43 46 51 21.57 15.69 13. 04 6.52
9 20X 3X10 35 37 39 44 20.45 15.91 10. 26 5.13
10 25X3X8 53 56 59 65 18. 46 13. 85 10. 17 5.08
11 25X3X9 46 49 52 58 20. 69 15.52 11.54 5.77
12 25 X3X10 45 48 50 56 19. 64 14. 29 10. 00 4. 00
4 BEE PEAT SR A o 5 ) FH S 90 268 180 53 49 1 Ay o0 A AR R

SR AR AL Sk PR A AL B 42 0 2 ARk 36
DR Vi (BN S o (YA A= 2 N R (B R S N
FHSE A & I d5e 283 W % Sk ARl ROR . B X A% Sk 12 4 )
DUTR A A T 20, 0 1 i % Sk P9 B AR 36 A 22 381
Il By B 38 2 £ 0T 5 9 ] DL ) 205 25 S Al 2% Dk
DR R R AERRR] ARSCEE S TR RS &R
WA IR LA AR L L A0 A 5 1 5 4 R AT 55 0 B KA
RPN, S T 4R v AR R A SR A AR B IR e sNBRE

WY A SO ST B R B 5 4R R I 5 O 2 A R B AT 4R
e 7 A7 ) D[] 20 e IR Al 2% %L 5 Cplex SR fig 45
Lo FHEX EE AR SCR A R R sk BB AT U
7 SCASE IR A SR ik T

AR SCHY I FE R A BT [ D[R] 2 3 el b 2
PR BRI 9 B DA AR v A T DL ) A 2 AR Al Ak
ARGEAL T T R A 2 R A 1 Sk PN S B I e a8 5 HE
Gl A 5% HES Je 1) i 0V WSO S K A 3 2 52 ) 4
AR S AR I JE A S T PR S T 2D R A
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