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Research on vessel scheduling strategies considering tidal
constraints for port entry and exit
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Abstract ; Efficient scheduling of large vessels entering and leaving ports is critical to improving port efficiency, particularly
for ports affected by tidal constraints. This study investigates the ship scheduling problem in tide-influenced ports,
incorporating tidal window constraints while accounting for berth size differences, vessel safety distances, and mooring/
unmooring operations. A Mixed-Integer Linear Programming ( MILP) model is developed with the objective of minimizing
the total delay time of all vessels, and a Lagrangian relaxation heuristic algorithm is designed for its solution. A case study
using real tidal data from the Ningbo-Zhoushan Wai Diao operation area was conducted. The results show that the proposed
scheduling model and algorithm, which consider tidal window constraints, can reduce vessel delays by 28. 5% while
meeting safety requirements. This approach provides valuable insights for scheduling in ports significantly affected by tides.
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Fig.1 Port layout and vessel entry/exit scheduling diagram
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Fig.2 Ilustration of berth front mooring time windows
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DR, R AR HE W b D 7 W Ji A fe P g oF A 5
VESR A% o TR, X T RA SR ST P (A Hedm A -

A = FQ) +£(A) - Z IPNED)

2.3 REBERKEEZS ERKBREE

F T AEA gt o) R 5 21 )T B AN — e 2
K(16), A" RRE n W& AN Y1, 95
RIZK' | B 2830k W 78 Y M6 32 I A 3 32 o Xt s 3t )
R SCAT) USINAR  7T 68 25 A B 4F i nT A7 % o
PRI B SOA7) HR AT VB, B 0P R AE
i, ) PO AR R R Az BRI H R B R P,
(A") il R fE P, (A7) WG FE f(A7) H15 21
AT EXESR

Q= {z\ Sw, = 15i= 1, m, +n2} (47)
HALE A M AR E TR MmN, & LRk

AR &, (AR © LEAAR 1 20 K 0 il & UK 1
BN 0, Hrpi,jeQyiz)) o WIBEIR 32 BRI H
BEE P, (A") N :

ni
S (A") = min zgi -8 +
i1
ny+ny ny+ny

Z d, —d, + Z C,S; (48)
i i=1

i=np+l

LY AT
e, =f+1-M(1-8,) (i,je i}
(49)
O; +0; =y +y, -1
(igei#jk=1,-,a,) (50)
8; € 10,1} (i,j e 25i+#)) (51)
BARTEME P, vh, 3 ASIUIE /Y s TR 2T, HA
JE 0 2 2 MEATH SR A AE T e A3 280 53 T i b W 08
T BT A RS0 09 2 TR I R ZE SE TR 8 1 2N, DA
BOR A AT T R4 AR O B ME S B R . TE P,
(A7)t < T A BHL B A 6, b8 T E T 4
JE o 50(49) F1(50) i it o 1 HW , PRAIER]—Hs A
B b A T AR S T AN T
e - 14 B R AR E B Uk B2 DAL 350, e 1
AR B 5 =X

0, n=1
X AT+
- max nyp+ny 7’ 22
Q' x (Zz}}dl—l),o
i=1
(52)

A(52) A FOR A, BRI, J0h (k= 1, a,
p=1,e T) o AE POAY) MRIERD RO 20, o 4677
55 m UCEARRIO 2 K, B -

L minlf, (AT 20(A) | - (A7)

a = ¢ o . (53)

‘i—

Yl
z " 1
=1

S (AT FIRAE P, (A7) FPoRIGHY R .
PLPERIBT gap<0. 01 SGEfQUEL 7 > 100 I, FHLL
Ak A Y E AN S XL p D RS AN R o
2.4 HIEKRBMERELIE

T B e RS B H R st S e Sk B R g
fiE, BT T 6 AR S B, 7R R B UER
AR e, S20 ARF/INILEIE 1] 20 FEATAR . K%
LR CPLEX SRIEAR SKARACRRS L, X U4 2R W3
20 N, BN 32T 50 0 AR B i i g A
JnHE o S AR R 1) EE ), WL 52 31947 82 W 1A A R
S8CHE X SRR ik 45 SR B 5 W o gap 31 R B AL TR] B
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L T Rk R H RS K xR0k

A BEISE

G B PEE B gap, et B AL b, AR A b,

Lo Witadl: SRS =1, F A" =0, B KEH S8 e
=1

2. i B b, = o \IRIBT A by, = — oo, 714 count
=0

3. : While n<100

4. c i FH A 8 RISV SR AR AL St [R) BB P (A7) 15 B % S
(A") Kt 2],

5.0 Gff(AT) >b,

6 T T 5 by, = (A7)

7. . HE I count =0
8

9

else
L count = count + 1
10. . end
11. . if count=5
12. . e=¢x0.8, EEHITHES count =0
13.: end
14. ;. ] CPLEX SKf# &K P, (A7) B A A AT,
2] £, (A7)
15.: if f,, (A7) <b,

16. . HEHEML LA b,w :fub(Aﬂ)
17. . end

ny+ny

18. . WHKBEE gt = > 2] -

19.: HHEBK:

20.: a"=ex (£, (A7) —=f(A")) + llg_t|’
21 HEHT

22.: A" =max{A" +a" x (g_t),0}

23. . HREARPERIB gap = (b, —by) /by
24. . if gap <0.01

25. . break

26. : end

27. . OB n =9 +1

28. end

time 31| F& 7R SR A Hif 1]

WX H AT LA, Bk B H A s s & 2R
TERFRPV AT AR A6 R 5 R A it P &3 I 8 1
CPLEX SR fiff- 25 >R fif o 19 o =R At 7 125 1) e 8 12k 1] it
Wi 5 38 % 3 H I B AE /NS 53 48] v (S20-
7.826-11,832-16) , fi kg B H # 5th J & AUA : R
T Bl N, F1 38 0 A S S AR B i 3 i, Hesk
FERARE A 25 8 K, SR g i R A B B A k. i
CPLEX >R fift 2% 2 BUASE , Hogap L HEAE B H A2 5th i3

K2 ATRMEEG] THIRBEI RIS L
Tab.2 Comparison of solution performance for

different problem sizes

ZHUE R LRHA CPLEX
]

N, T  gap/% time gap/% time
$20-7 7 288 0 6.9 0  74.8
S26-11 11 288 0.2 10.5 3.4 134.4
$32-16 16 288 0.7 15.3 16.7 275.1
B50-20 20 576 0.6 34.6 >100 2943
B5726 26 576 3.7 76.9  >100 3600
B64-33 33 576 9.3 122.4  >100 3 600

RAFDR BT EW RS T 16% . f£K
FA 5] v ( B5S0-20 . B57-26 . B64-33) , CPLEX 7£ 41
S S [] P BEA SR A A B A gk DR 7 5%, S A I (]
SRARAS RN A 7 ZEANTRAR . RS B H RS st i 2 X
SRAE R T R AR R R R AT, e it
[EBRFE 0. 6% —9.3% Z b, SR F , PLs B H S
sth Jit 2 AR e A RICK AR5 4 240 3R R s 11 A
e L S R [ A

3 i ERE

SEIEE

T HE— 2B B UE AL AL Y S I, 45 A SR S8
PEATBCEIRER o U A0 0 8 v AN B 20 31k
RAEDX[E][8,9 ] HrBENLAE BB H . A0 T 1) &8
BHAGLE b, TR E [ 1,12 ] 555 ¥ 5] 43 A i BEAIL
R IR IRE Y 12 A, Hrh#1-#3 A T
WAL, Hoa o T i n 7 o AR5 43 e 19 5
LR E M AN, T Wl G AR Ay 52380 147 5% Wl £ i
A XTI AR AN, AR Az K R [12.5,15.2]2Z
] Y BEALEL, B AR KIR R, =23 58 B4 AN 1Y 5 K
NI Sy, A 1.5 kng fLIE KA ALET Y B
BT 7 A L TS B, i (1) —X
(3) A A P B R 7 o AR A a2 m,
BEE R 60% )M AR BRI/ 8500, HE A A AR s 1
PSS/ B S BTA R AT ] ¢, 6T WG 3
SE/BA N 3, BUL R/ B R 4 HARIA AL B A AR I
SE/BAR 2, B AE/BA R 3,

W ARZ (8] ) 22 4 (Al R o R E A 10 438, DRI
BEAY e RSB B B 10 43 o A 38 Ao A 1)
HE) e, BEEON 12, EENHESHIOECRE o, h 3 A4S U7
BFIE] 2.4, vLoe LA 1, SRy S B A P 9 5] P9 - 24 A0
FTBF] AREEA AT K TS A R ) g, B AE

3.1
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PRI E] (25, T - 30 ] 9 AR SE YA 8 0 N AR5 392
AT BENLEE R, FIUERTE] A, = max {1, g, - R, |,
R, X8 [ 100,250 | Y FEHLEE K. IR I E] L,
KR, T -35 ] HAEBSIA B H A& 3 2 0 A i
BEALEE R, T B HE RS 18] d, = max {1, L, + R, |, e
R, JIX[a][ -40,80 ] NRYBEHLEE R, 7ERLRI R E] A
TCIEBIA LI ARKER C, YR E N T, LIAf PR
(1B B F AT T AR 22 HE R BE T3
3.2 REEFRMNETHE

N T B UESK AT B A 9R B Tr SR Al AT,
Bl n, =7,n,=8,T =144 RGBT 5 W
K3

— HEHEM
© B
\ 28786 SI  S5S3 S4 AL
BEARE e N D S
IR SETONNSS
A R \ | i) :'x U‘
WP kb2 - “,,‘7,“ ‘ o i ‘E“\“‘
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yau'sosln _SI3 sssls S10 si4s2
0 10 20 30 40 50 60 70 80 90 100 110 120 130
I ]

Fig.3  Solution results of the scheduling scheme

for the case study n, =7,n, =8,T =144

TEPE 3 1, S1.S4 S13 Sy J5 il , IRz 7K
B, 22 BV W PR o AR T 5, = MR
e AL AT P, FCATA T A 1] 24957 T 57 77 1 RN 5
FRETABLAT I RIS, HEE AR B I R A R 2
PRI A ESR . R S4 S A AR LS 95
I 2055 A TIE , IF T4 97 I ZI B ik e sl 1, 18
BHLSERF T 18 ARG, T 119 i 2R 1A A Al
IFFAEREIA S O DR 52 SR TR 4R . X 3R, i
i G B S AR M BT R, A AR S T T R
AR LA PR o R EERAUEI T OU AL HE P B IR
HC S, AN 25 R AR 1398 X AL A 2 ), 3
THT B EHUSCR .

WLEE S2 M1 ST, 13 FE A 7D 320 4 I [ g 4
TEVARET5 S H, Db G B b S SETH S R 2
SrA EATANEE T AR s B ST o X SR IS
FEOP AT T s B, A5 A 98 B S e . B
RRE BT SR 3 1 P A AR 313 |
W A SRR RV ENA R R A AR, R IE T
JET5 S AT AT PE AN S FAE o
3.3 ZUBHIHMPKXBERST

TN RAEAS R vh Z A1 290, W () AR i, 17—
ARG 5 HE PR A TR L AR RE TR

T VPG R AR R E B 5 e, 15 [ 2 o
AR A F B A R (W, =[1,T]) 2
WMy AR (W, =[1,T],W, =[1,T]) =4Hik5%, 7
Bk “tide” [ “current” Fl“ none tide” , 3138 =23
B AEA AL R AT 1 H A5 BB, X HHAEAS [F]
T T R - 218 0 b ) LA UREEAS [R]85 % A o 1
AIRELRFEM o A RECT By 4 2B B 5 B, 45
RIS, I g R A 4 Fos .
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Fig.4 Comparison of vessel delay times under

different tidal constraints

Bl A AR 3 0, 52 S0 947 52 0 1) A A0 R
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e BISEAS 5 e 047 52 0, bR T U DY B M A B Y 4
it R ] 2 3 O R A 5 A O vy 15 o
e, A8 %) He tide” AT current” , W] DLAS i i
HH PR S 24 R A A0 EE R T S N T 19% 5 i —
H, WX current” 1 none tide” , B] LLE H A
T 73 PR SE 240 S {6l A R A 52 K
32% ;i )5 , X b tide” F1“ none tide” , 2% &
W 2R AT DT, W A0 8 1A I 1% 7 24 5 n 58%
SEIFT T TR B AE U R AR A R A S e
3.4 FESHEETIRWERIT LR

R T k2 B R AR R Y R, Bt T 9 RO
(] (B ), o 1A [] ) P 2 o A
THALBCE . Hrp Con7—Con9 14 Hi 1 P47 i 43
B, RIS S BNk 3,

IR AE R I 40 g 1 R IAE LRI I 8] P B
TEUR B A T O, E R R R RAT =

nytny T ap,

SO S s/ay x Ty AHELE AR BLF s Py

i=1 t=1 k=1

18 PR

AR AN [R5 51 ) X 45 2R, A R 7 A [] B LT
B A R B RAF RIS N BEE M
iR B KN ( Conl—Con3 ) 5B BEXE K oK, 4 11
JHSE AN A5 ][R]0 22, W SE B Ik 5] 38 )
Pt R 3t 2 b T, 2 B 2 A o 2 fe
B B IR AT A R, LADSURREIA7 R A T 7 A O HE R
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Tab.3 Experimental parameter settings

BHAK g OB EEA naEE/
Conl (6,8) xday 3 12
Con2 (8,10) x day 3 12
Con3 (10,12) x day 3 12
Con4 (6,8) xday 5 12
Con5 (8,10) x day 5 12
Con6 (10,12) x day 5 12
Con7 (6,8) xday 3 16
Con8 (8,10) x day 3 16
Con9 (10,12) x day 3 16

FESE N3 20 )5 ( Cond—Con6 ) i AT LB
Jin SR % M B A o O HEA T S I , D T AR R
[ 3t A A3 S 1 3 BRI, TR A S
AR BRI DL T S Akt SO S o R, 45
SR 7 B M) P 3R A, K 2 DR A AR o D ot s
[ AN, (53 RS  (a, x T) 338 1< B B B AR
XL S T 11 BT U ) TC A , RIDTE A B O
BOAFEAR MR OO , w0 Bt 7 ] AL T IR EUIR S

AR (Con7—Cond) J, B Z AR AE RS
[Fi) R 5 9 0 T A PR A 52 B 7 P A i
SERF I [A), BOE BRAT s 2 H i T2R0E, %

F4 ARSHRETHXBELERILE

Tab.4 Comparison of experimental results under different parameter settings

B 44 B Bty day =1 day =2 day =3 day =4 day =5
ot H b bR 108 224 378 563 736
RAT 0.23 0.19 0.21 0.24 0.22
H b7 bR 228 356 554 872 1 092
Con2 RAT 0.25 0.24 0.25 0.27 0.29
H 7 b 253 492 735 1 104 1 447
Con3 RAT 0.26 0.33 0.29 0.31 0.35
H 7 bR B 31 165 251 297 429
Cond RAT 0.08 0.11 0.15 0.17 0.16
B 37 196 397 592 618
Con RAT 0.15 0.16 0.15 0.18 0.18
H b bR K 42 234 440 607 695
Con6 RAT 0.22 0.20 0.18 0.24 0.21
F b7 R 94 187 349 472 606
Con’ RAT 0.33 0.27 0.31 0.32 0.35
H b7 b B 164 296 476 697 893
Con8 RAT 0.32 0.33 0.29 0.34 0.37
H 7 bR B 244 372 683 981 1224
Con9 RAT 0.36 0.37 0.46 0.45 0.43

T4 LR O S JRE R I A K X T R A B 2 AR
it S AU B 3t LT 87 2 1A R o PR,
MR T AR B B B AR P 4 T, (ELAE R 14 [ 1 4T
FARSHE/IN , 5B T A A2 SR 1147 R i 3
T LA BRA T AR Y R G

T AR IESR A 4 149 8 5 S A S P ]
HEPIEE, A ] Conl—Con3 f£ day =1 ~5 Nt
A1 B A SOR MR 28 BT 55 < S B e ik 557
(FCFS) | KAFILSE (LSF) ™ 8 BE SR £ 47 LA ic

S = (| S5, = 1) TR

1] PN R I A A A0 0 A B0 30 B S o ) 3349 S
PS5 BAE TR B H At S ANk S RN IR
BERL A5 SR X 1

x5 H5HMEERBRABERILR
Tab.5 Comparison of experimental results with

other scheduling strategies

Fk H D RAT/ Dp P HYEE ]

LRHA 0 0.26 609.5
FCFS 8 0.11 852.4
LSF 6 0.22 724.7

LRHA FH X FCFS fiff fifs fif 4 {4 4 52 B (1] i 2>
T 28.5% ,FHXFF LSF )&/ T 15.9% , W] LRHA
DAl T s 11 BT R 0 TC E, BE 5 A R D I A R
[FIEE, LRHA (%) i AT LUK 5E 22 (0 f A0 40 A 30 9 B2 1
R, LRHA {48 R FH 2838 g, 3R W1 B 7 8 8%
R A T W N L YR . FCFS (il = 4
AR SFEmE AR REAROR) B b B8 U, BE AR A R DL
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PARET R A 22 HE R e 22, LSF R AL e 9
JEE , MO S (50 FE o P 9 D8 174 8] 5 5% o 458 e A1)
AT R 0. 22 (HERSURAKIB AR 4 LRHA, )
Al AT WRERF], LRHA ()% 1o F] %8 0. 26 , R B H
S5, X ATAREF T LRHA 38 1 44 ot 29 o 906 s &
KBTI EE | B AR ARSI 2B R Ao B] , (H X R
PRI ST 43 T b B VR s B ) S S
AT S 1 8 e 4 AR ) R

4 4R iE

ARSCEE XA 20T B9 1A S L P 8 HE [
A S T — MR A L BRI B 2% 1
TIOLAAZ A, LA R A A A B 1A B A R
Wi o (PRI B H Rt g A URE AT R Ak . 5
BERFN, Pr 7 ) AL BRI 51 RE A8 A6 10 2 4 B
SRIGATHE T, (8 A 114 8 AR S 52 ek ] i 2> 28. 5%
AR R BRSO T Ry 32 R4 R R 2
HRBU AR AR B 225

2 % X W

[ 1] IMAI A, NISHIMURA E, HATTORI M, et al. Berth
allocation at indented berths for mega-containerships
[J]. European Journal of Operational Research, 2007,
179(2) : 579-593.

[2] DEKKER S, VERHAEGHE R J. Development of a
strategy for port expansion: an optimal control approach
[J]. Maritime Economics & Logistics, 2008, 10
258-274.

[3] ZHEN L, LIANG Z, ZHUGE D, et al. Daily berth
planning in a tidal port with channel flow control[ J].
Transportation Research Part B: Methodological, 2017,
106 193-217.

[4] DADASHI A, DULEBENETS M A, GOLIAS M M , et

al. A novel continuous berth scheduling model at

multiple marine  container terminals with tidal
considerations. Maritime Business Review, 2017, 2
(2): 142-157.

[5] SHEIKHOLESLAMI A, MARDANI M, AYAZI E, el
al. A dynamic and discrete berth allocation problem in
container terminals considering tide effects[ J]. Iranian
Journal of Science and Technology, Transactions of Civil
Engineering, 2020, 44 . 369-376.

(6] SCHE, XISRFT, FRA, 55 W5 T T K07 Ak
S BIAAATE BE RRERFFE [ ] b TR, 2024,47 (3)
81-88.

WEN J, LIU H'Y, WANG Y C, et al. Research on

Vessel Scheduling Problems Based on Rectangular

[7]

[10]

[11]

(12]

[13]

[14]

[15]

Journal of
China Navigation, 2024, 47(3) ; 81-88. (in Chinese)
KANERIA A, HAMIDI M, ZHU W, et al. Traffic

Simulation of Houston Ship Channel for Assessing the

Arrangement Under Tidal Influence [ J].

Impact of Waterway Closures on Vessel Waiting Time
[J]. Journal of Waterway, Port, Coastal and Ocean
Engineering, 2019, 145(4) :04019014.

JIA Q, LI R, LI J. Departure vessel scheduling
optimization considering traffic restrictions in turning
basin; a case study for xuwen terminal[ J]. Journal of
Marine Science and Engineering, 2023, 11(7) . 1311.
SR T, B ERAS MR , A U AL AR T R AR
BRI 5 [T]. b E LI, 2018 ,41(2) :36-40.
ZHANG X Y, LI R J, LIN J, et al. Optimization model
and algorithm for vessel scheduling in bidirectional
navigation ports[ J]. Journal of China Navigation, 2018,
41(2): 36-40. (in Chinese)

SR T, AR, AR TR, B YA BIR A 0L 1 AT A
ARsZimH AL T]. H EfLEE,2020,43(4) :1-7.
ZHANG X Y, WANG Z Q, DENG Z P. Optimization of
vessel traffic organization in restricted bidirectional
navigation channels at Huanghua Port [ J]. Journal of
China Navigation, 2020, 43(4): 1-7. (in Chinese)
IRLLA, SRk, BRI , 55 5 SEWI 32 0 B YA 1073
W5 A A R R R A [ ] 15 B S5 4R, 2020, 49
(1):95-103.

ZHENG H X, WU Y Q, SHAO S Y, et al. Integrated
optimization of berth allocation and vessel scheduling
considering tidal influence[ J]. Information and Control,
2020, 49(1) : 95-103. (in Chinese)

JIAS, LI C L, XU Z. Managing navigation channel
traffic and anchorage area utilization of a container port
[J]. Transportation Science, 2019, 53(3) . 728-745.
PRI, SRUR IR, SR IR M. B 15 7K T8 A A 2 8 dwe 2
Hep [T ] R%E Wi = K27 22 ik, 2008, 34 (4)
150-153.

XUGY, GUOT C, WU Z L. Optimal sequencing
model for vessel entry and exit in unidirectional channels
[J]. Journal of Dalian Maritime University, 2008, 34
(4): 150-153. (in Chinese)

WANG Y, WANG S. Deploying, scheduling, and
sequencing heterogeneous vessels in a liner container
shipping route [ J ]. Transportation Research Part E:
2021, 151;

Logistics and Transportation Review,

102365.

RIZK N, MARTEL A, RAMUDHIN A . A Lagrangean
relaxation algorithm for multi-item lot-sizing problems
with joint piecewise linear resource costs [ J ].
International Journal of Production Economics, 2006,

102(2) ; 344-357.



