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Joint Scheduling Optimization of Berth and Quay
Cranes Considering Tides and Berth Preferences

XING Daning"?, DOU Junwei ', ZHANG Jiawen '

(1. Navigation College of Jimei University, Xiamen 361021, China;
2. Fujian Institute of Shipping, Xiamen 361021, China)

Abstract: Regarding the problem of large ships entering and leaving the port under the influence of tides
and the limited resources of berths and bridges at the terminal, the tidal time window, dynamic scheduling of
bridges, non-spanning of bridges, and the interference between berth preferences and bridges, etc. , were com-
prehensively considered. A mixed-integer planning model to minimize the sum of the cost of ship waiting serv-
ice, delayed departure penalty cost, berth deviation penalty cost, and the cost of bridges and berths was con-
structed, and a hybrid algorithm combining the dung beetle optimizer algorithm was designed. Solving the prob-
lem was aimed at getting the ship berthing and bridge operation scheme. CPLEX and the dung beetle optimizer-
genetic hybrid algorithm were used to solve different scales of cases, and the results showed that the dung beetle
optimizer-genetic hybrid algorithm can find an approximate solution with an average deviation of 3. 83% from

CPLEX in an average of 13 min; comparing the results of the dung beetle algorithm and the genetic algorithm,
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dung beetle optimizer-genetic hybrid algorithm results in a better scheduling scheme, and the objective values
were optimized by 12. 84% and 15.52% . A sensitivity analysis of the important parameters revealed that dif-
ferent tidal high water start times and berth deviation coefficients affected the total cost of a ship’s stay in port.

Keywords: container terminal; tidal influence; berth preferences; joint scheduling of berths and quay

cranes; dung beetle optimizer-genetic hybrid
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Fig.1 Joint scheduling of berths and quay cranes under tidal influence
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P 180 h, BHRHOH 12, IERASHUON 1, 2, o 12, HUEBI G 0B
TR 01005 5 HOR R 4 R MR 0.01, 0.9, A L
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Tab.2 Vessel arrival data

AR TR RGO E BOHIGE mREEE RIS AR BORE BHIGE EIREE WRESA

w5 /m /m 01178 N 1 1170 N O V2 N 5 VA S 5 VA= M % T % T /76
1 150 650 1 21 18 2 2 8 8 1
2 350 100 1 26 96 3 6 40 40 3
3 150 700 2 16 11 2 2 4 4 1
4 400 550 2 25 113 3 7 48 48 3
5 300 600 18 51 113 3 5 48 48 2
6 200 650 22 41 25 2 3 12 12 1
7 350 450 35 46 18 3 6 8 8 3
8 400 250 38 54 27 3 7 12 12 3
9 300 300 50 79 114 3 5 48 48 2
10 300 800 54 88 105 3 5 44 44 2
11 200 200 78 100 30 2 3 12 12 1
12 250 850 78 104 66 2 4 28 28 2
13 350 750 86 112 109 3 6 44 44 3
14 400 500 90 112 84 3 7 32 32 3
15 250 950 94 105 22 2 4 8 8 2
16 200 800 102 122 31 2 3 12 12 1
17 200 600 110 129 36 2 3 16 16 1
18 350 300 122 149 108 3 6 44 44 3
19 150 900 122 136 13 2 2 4 4 1
20 200 50 152 183 49 2 3 20 20 1
21 250 500 152 168 19 2 4 8 8 2

4.2 BITERSW

GBS AE MATLAB R2022a b4tz Aok, THAEALBCE 54K Core i5, 12 GB
MA7. 1.0 GHz, DBO-GA By & NSELE T . FIREALY 180, # MM 6:6:7: 11
B LA R VR BRIGE S | AfEBRDES | /INA0E I )N A B B ) B e, R KRR IR BN 800,
R h=0.1, BIRZRE ¢ =0.3, BIRAMERMBEAL =0.1, @55EES =0.5, X
WEZN 0.7, ZESEMERF 0.1, 75 MATLAB iz 473K 45 BRI 7E H IR 55 A 2k 5406
JG, NTELHFTRITRIH AR AR AN A SR, & T’ 6 s A 7 43 Bl H AR R
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Fig.6 Gantt chart of berth allocation

®3 EWELAR

Tab.3 Quay crane operation plan

AR e TR Pl Bt AR JR A Pk B
1 5—7 23.2—42.2 11 2—4 80.5—90.5
2 1—5 4.0—23.2 12 9—I11 78.0—94.5
3 8—9 20.1—25.6 13 9—12 100.2—124.0
4 6—10 4.0—20.1 14 5—8 90.5—105.4
5 9—11 25.6—56.2 15 10—12 94.5—100.0
. 7—8 52.0—63.7 16 9—11 124.0—137.7
6 49.1—63.7 17 7—8 110.0—122.0
7 5—8 42.2—45.2 18 4—7 124.0—142.0
8 3—6 45.2—49.1 19 10—11 137.7—144.2
9 3—5 52.0—80.5 20 1—3 152.0—176.5
10 9—I11 56.2—77.2 21 6—8 152.0—158.3

SrHr 6 FIEE 3 W1, DBO-GA SFERAGATHAL B BF IR 5 I B 7 AT AR T B 2407
MRS e KL o Bttt o, 3 IR R L K 5 R MR SV 45 ORI A S5 o v K S I
B s iim], AR shAS VA RE Bl R R PR R S AR, HR AR R A A S XA
i 90% BIATAREETA L B -5 i 4 TA AL A9 25 /N T 150 m 7R3 2 0% MR R 29 3R0F
AR AHEIF e R EIEMY, THALAR RS IR 2 T 58 A,

11 6 3T 1, A SCEA] b Y KRR A IR Be 20, R B AT TR A 5 1A 1 TR AH
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PHISER |, FE A RF 3, 2, 7.2, 7.2, 14.2, 0.5, 2 h, HB|REKALR B A REEHE
SRR, BEAh, T AR R I R be AR R, AN 1. VAR 3. AR 5 RIEEAR 19 B
SRRV ARSI, 4 5 75 135 14 S8 SRR AR AME R AL
B, SO SFRERIAT s SR, 2 S 8 5 RARE ML 45 R S A AEAROK A2 I B, AN il
FE B USRI KIREER, T3 55517 4.8 h F12.9 h, FESEFFE SN, 0 5 KT 2
K BIAHSRAYMEAA 1 SEAT A EEL, AT 6 INIAR 8 B sh BIARAR R 6 B AT/,
TR RS ASTHEE SE M T RS, A7 S Sl Y SEBr

R RNANL IR XA R, AR 1. AR S FURHIA 14 9 SEPREEIR A B S
TR A BRI 22, SEUK s g B, B BCREEAR, A s R
RETE T30 fr Bk 1] P B
4.3 BERBIMERIE

NEUE DBO-GA Bk A %, Wit 1T 14 DAFERBLR SRS, 5351k 4 DBO-GA
LS CPLEX HPsKRfgE, R4 RILE 4,

&4 CPLEX , DBO-GA, DBO, GA B RZRENTLL
Tab.4 Comparison of results between CPLEX,DBO-GA,DBO and GA algorithm

CPLEX DBO-GA DBO GA W22/ %
e e e e
(ixa) HErE asfred  HisfE e HEsE ESfred HisfE  sfrhd c c c
ixq . ) . X . ) . A
/It Bl/s /o0 Bl/s /o0 Bl/s /90 ifl/s : ? ’

5x12 1 361 193 1373 245 1387 266 1384 258 0.88 1.01 0.79
5x14 1277 175 1 286 213 1297 230 1294 226 0.70 0.85 0.62
10 x12 2 926 730 3015 446 3257 471 3229 453 3.04 7.43 6.63
10 x 14 2735 628 2 814 405 2993 462 2 957 429 2.89 5.98 4.84
15 x12 4041 1001 4176 620 4643 810 4789 928 3.34 10. 06 12.80
15 x14 3852 914 3975 543 4 360 725 4 476 830 3.19 8.83 11.19
21 x12 5159 1462 5 406 897 6523 1147 6840 1384 4.79 17.12 20.96
21 x14 4811 1290 5025 821 6051 1063 6319 1205 4.45 16.96 20.48
30 x12 7115 4116 7473 1153 9033 1452 9469 1681 5.03 17.27 21.08
30 x 14 6 689 3860 7014 1069 8428 1361 8845 1580 4.86 16.78 20.70
35 x12 8870 6368 9346 1247 11593 1694 12290 1867 5.37 19.38 23.95
35 x14 8498 50981 8915 1102 10 807 1 580 11504 1778 4.91 17.51 22.51

40 x 12 — — 11356 1362 14360 1897 15428 2030 — 20.92  26.39
40x14 10137 7056 10782 1154 13416 1602 14255 1809 6.36  19.63  24.36
e 7 FORBRBLRIRI I 7 200 s PRIGRNIGTR ;@ A g S0 s IR A R A A

F DBO-GA ByEsRA5H) BARA 1 A CPLEX # {4k MG ¢ Z M BW 2% 6, 1Y
HWHEAKXN. 6, = (1-C)/Cx100% ., HZEIEIR (WKL) srHral . CPLEX REFERL
J AR S [) PR SR A /INIUBE S48 R RS i i, (ELBE 2 B3 BB A 384, CPLEX. 3R A B[] 384 i
LT TR E N E] Y SRAS AT AT, T DBO-GA YREAE n] 1252 1 s ] P SR A5 428 0 K5 0 i
B EHFRME, MWHEFRME FFH, DBO-GA 5 CPLEX SRABZE B KW 2E 1 6. 36% , “F-Iiw 2%
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4 3.83% 5 MHE L, CPLEX VYK BT[] R 2598 s, DBO-GA F4F- 513K fiff B[] o
806 s, XK DBO-GA B3 GEA DA RIFUBL BT (10107 B MR 65 IR B ) T
4.4 EHiER3TEES T

REIEEE P, 43R DBO-GA | 458 DBO H1 GA B33 K i A [a] AR A 3
B, XFLLEE R NFE 4 s, R DBO-GA Bk A& 4 DBO 5k A5 1Y HFRELZ 8] i i 22
i G,, R DBO-GA HiEAUES: GA Bk RAGM BAMEZ RIRZIE N G, W G, =
(D -1)/D x100% ,G, = (G -1)/G x 100% , H:b. D N1ES DBO B ok H) H bk
H; G AHHES GA BRI BARME,

M7 4 Al DBO-GA SBEKR M) BAREIL T DBO A1 GA Bk, ~FIRALRCR 5
AR 12.84% F115.52% , MG FGIREIE N, DBO-GA Bk # B miH &, nf AR R
S RIS TE) PSR M R R B, BRIIE T DBO-GA S5 R il A SCI B R AR e, eah, e
4 AT, YRR ORREAN AR, G I IR R EGE, AAATE S BB A N SRR SR i
Af TRl ERPR ;YRR RS — I, MR s A A AR SR fo s [ it A9 A 8 A B T ot 14

/€7 A H DBO-GA |, 154 DBO Fil 4.0

f64: GA =MFLHR A SB35y ~- PR
FUcSOd e E, B 7 WAL, DBO- a0l o
CA B E 320 fLi HAR MR T 5

5406 7T, DBO AU 470 fAW HAR 5[]

fEiesh T 6523 6, GA EfLE 430 1% E70f

AR M8 T 6840 T, &M ZISH O L

DBO-GA {3 e st 4% B A /%, 1ol T

i LA R i s, &, | R
Fl DBO-GA $EpsRfif A SR H b o
{EI 155 DBO F1 GA 4, iAbial 7700 200 300 400 500 600 700 800
AN H 12, 84% 1 15.52% , B iiE @7[momum§ﬁ@%§%g%w@ww
T DBO-GA SHAFER I AL R AR Bk & Fig.7 Convergence comparison of DBO-GA,
R RE [0 B B A DBO and GA algorithm

4.5 HRMES

RIS A RV G IS R AR SCIR A5 90 BE R R 52, AS iSRS oA, LA
ARSCEAGI A FEXTGE, 1 ) A 47 B U B 221 RN A5 e 25 2R 000 A8 A6 AR B 4 3%
N A E RIS A ASAL, B H o AR R IR 05 BUAS | B IR B AR A | TR e =
TETAS | AR AR PO ER o HARTR IR o 99947 FF U Bk 20 FNE 57 i 25 38 B0 728 AR X6 45358
I3 AR RE R o3 B AR 5 F1 6 s

SRR S AT, W KA 2 T, AR A S AN S AR AR BB, JFEL T AR
b =S S5 A IR 55 AR TR AR BS U iUAS RIS, KM A0 A s K AL B B A fiE 2 s
F1 o SR I A U sk 220 R0 B s B 221 /N T TR B 21, I 20 45 2] e AR A I 221 A fig
HEHHS 15 RN AN S5 S A 1) R AR 5 s (] R R i
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SIMTH 6 AT, IS TR m A2 AR A 7 W RARA R IR, IF L, o
(K 2 SO A S WS ST HRA R M A ST 0 A0 5301 £ 7
B IRAFTRIIN Sk bk s TR BN, R TAERRIRAE , LU AR 2
A TN, AR CE ST HE SN, KA B SR 1 AR A 5 K (o
Br, WULARRE, WA A AER B

R5 AEBYFBREZTHKRMBLER
Tab.5 Results of different tide onset moments

Hfi. oo
W IFIRIT 2] AR S5 A IR B TR A TS i 25 A A R AR SUSA
2.00 2 470 1 857 1 050 103 5 480
6:00 2 815 1509 1 050 103 5 477
800 2702 1581 1 050 103 5 436
10.00 2 890 1455 1 050 103 5 498
6 AREIAMBERBTHRMBER
Tab.6 Results of different berth deviation factors
L AP
AR R FRIRS A IR BURAETT A HEEDA L PR AST )S R (RAEN SR
0.05 2 621 1 867 1 050 125 5 663
0.10 2 621 2 169 1 050 150 5990
0.15 2 621 2 478 1 050 175 6 324
0.20 2 621 2 804 1 050 200 6 675

5 4Eig

FEF SR s R RS Sk PR BR A BSE, AR SCHE FAFGE T30 7% AN L et 4552 i)
N ESHAN MRS VRS S, 25625 T IR | R AT o 25 08 B R A8 fm &
FRE, @ TIRA BB, i T —M DBO-GA L KK, KigshRE
W1, BIESAARSRRTE TR N e BUAETA | RE BRI R B s A A RO Hh s W 2
IR, MEARAY SR B AR R 55 AR A B T A ] A SR A [ B 1 B 4]
SOk TR AL A R, DBO-GA S RETE R Y B TH] NSRS 5 CPLEX 3Kl 1)
GEREH 250 3. 83% WAL I, BHE B ARSI, DBO-GA BikA WA AL ik
o X HALS DBO Bk Mgt B AR 25 R, DBO-GA Bk BEAE 48 i st [] P R H o
R, BOUE T AR SCHR A SR A L2 () SR A e PR R . 3 X %7 s K s 221 T, FA A7
25 R p HEATRURNE AT, & BN [R] A 747 1 K ASE T 66 B 20 2 52 Wi s AR 8 B B0
TR IR 22 25 n B R BURANAE WS S A R =, PR i e YA 7 o AR B 5 ) B2 T Rl s
75 58 m BB A R M0 SR IR AR 7 B, BRAIREUIAR . ASTIFIE 45 S R A s 1A
SEIA AR AR R B A DR R IR 27

A SCRIFGE 2 A2 38057 52 A AR S AR A AN Tt A PR, A R AT AR 53 HL Al s 20 5 o s

http : /xuebaobangong. jmu. edu. cn/zkb



- 580 - FRR A (ARBERRD %31 4%

BRI A8 T 8Tk 10 SR B FIGEA I TR, ST B
HE— DR T Sk 2 A3 SN RO A VA R, 51 R ke 2 ) 0 VR 52
DRI E M, LSS S PG AR AR R TER R 3 R A R ME

[ &% 30k ]

[1]Park Y M,Kim K H. A scheduling method for berth and quay cranes[ J]. OR Spectrum,2003,25(1) :1-23.
[2]Zheng H,Wang Z,Fan X. Integrated rescheduling optimization of berth allocation and quay crane allocation with shifting strat-
egies[ J]. Ocean Engineering,2024,301.117473.
[3]Li M W,Xu R Z,Yang Z Y et al. Optimizing berth-crane allocation considering tidal effects using chaotic quantum whale op-
timization algorithm[ J]. Applied Soft Computing,2024.111811.
(4 VFBLLAL , TRAHE X PRA. 25 R4 52 ) )3 SE0A 5 AR AR IRLEE [ 0] T HB LA JiUl i 2R 4t ,2018,24(10) :2599.
[ 5] Tavakkoli-Moghaddam R,Makui A,Salalhi S, et al. An efficient algorithm for solving a new mathematical model for a quay
crane scheduling problem in container ports[ J]. Computers & Industrial Engineering,2009,56(1) :241-248.
[6]Jiang M,Ma F,Zhang Y et al. Collaborative scheduling optimization of container port berths and cranes under low-carbon en-
vironment|[ J ] . Sustainability 2024 ,16(7) :2985.
(7 Iy BE e . 25 IR 2 fin 4 AR A% sl BTR 7 AR S IR BE [0 THRAL TR 5 T ,2022,58(6) :241-249.
(8K, B B3 k. S TRV BRI 25 A B R BEAIE 5 [ ) ] AL TR S5 N ,2022,58(7) 9.
[ 9] Cheimanoff N, Fontane F,Kitri M N, et al. Exact and heuristic methods for the integrated berth allocation and specific time-in-
variant quay crane assignment problems[ J]. Computers & Operations Research,2022,141.:105695.
[10] Thanos E,Toffolo T,Santos H G, et al. The tactical berth allocation problem with time-variant specific quay crane assign-
ments[ J]. Computers & Industrial Engineering,2021,155:107168.
[11]Xue J,Shen B. Dung beetle optimizer:a new meta-heuristic algorithm for global optimization[ J]. The Journal of Supercom-
puting,2023,79(7) :7305-7336.
[12]Xu X, Li Z, Jiang X, et al. Port berth allocation and microgrid cluster joint optimization scheduling based on master-slave
game[ J |. Journal of Cleaner Production,2024 ,452 ;142220.
[13] Turkogullar Y B,Tasknn Z C,Aras N,et al. Optimal berth allocation and time-invariant quay crane assignment in container
terminals[ J ]. European Journal of Operational Research,2014,235(1) :88-101.
[14]Zhang C,Zheng 1.,Zhang Z et al. The allocation of berths and quay cranes by using a sub-gradient optimization technique
[J]. Computers & Industrial Engineering,2010,58(1) ;:40-50.

(REHE KREE RXER EAzk)

http : /xuebaobangong. jmu. edu. cn/zkb



