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A container port berth allocation optimization method based
on the reverse learning BWO algorithm

LI Mingwei', LI Qingyong®, YANG Zhongyi’, LI Xiangyang'
(1. College of Ship Building Engineering, Harbin Engineering University, Harbin 150001, China;
2. Offshore Oil Engineering Co. , Ltd. , Tianjin, 300451; 3. College of Management Science and
Engineering, Harbin Engineering University, Harbin 150001 )

Abstract: With the rapid development of global shipping, port cargo volumes are increasing significantly, leading to
growing issues of vessel congestion and delays, which in turn severely constrain port operations. In response to the
challenges posed by surging cargo volumes, ship congestion, and aggravated pollution, this paper proposes a Time-Berth &
Pollution (TB&P) model. The model takes the difference between the actual and expected time in port as the objective
function, aiming to minimize operating costs and pollution emissions, subject to constraints related to time, space, and
machinery/equipment. To solve the TB&P model, an improved version of the basic Beluga Whale Optimization ( BWO)
algorithm is developed, termed the Opposition Learning Beluga Whale Optimization (OBWO) algorithm. The feasibility
and superiority of the proposed model and improved algorithm are verified through case data from a port. Results
demonstrate that, compared with traditional models, the established model significantly reduces the extent of ship delays
and mitigates water pollution in the port area. Furthermore, the proposed OBWO algorithm exhibits enhanced stability and

accuracy relative to other selected algorithms.
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Fig.1 Ship entry operation diagram
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Fig.2 Dependent variable determination flowchart

2 TB&P A% A K7 ik

TB&P L7 1) 5K fiff e — > S 7 ) NP-Hard [i)
R, B I — BRI A BT i), (H 52 4] T ) A
AR IR Z Tubl , HOR i RORAT o ik — 20 4
o BEETHAPLEOR R &, B R RE UL
AR A Ak ) R i LA B R R
BWO Rk ESR Ak 1H 2K ] 3 Iy 5 AT S 1) 32 A
TETE, PRIAS L2210k AR B RE AL 3% BWO
Xt TB&P 5 T A7 5K figp o {H 28 2 52 B il 3 % B
BWO S35 755K fif TB&P 5L 4] 4 it 1) S5 & A5 7
Gk, FLARAS SR AR B A S0k
Pt BWO 9%, DIFRAT TB&P H 1Y ) BEAL i

2.1 OBWO EiE#E¥mULFE
BWO &k i CHANG 25120 2022 4F 42 1, J&
— P AL A TR A TSR A 2 B AR
PARSAE D o AR SCHESCHR [ 12 ] By Rt |, 2 B ) 27
JHemgt S B OBWO B3k, BT R A, X B LE
I ER AT o
FET S n 27 2] MW AR AR () BE A SRR R
HRTERATIN A N ASWIUG A , P55 54 W) 4 i
E RSN ) MR /A v (1
Oy, = K(Xo + Xoua) — X, (22)
XK A ATe[0,1 ] Z [ B FEHLEL, Oy A ) U6 i
X, FIRE I BT S X e FH X i 23 0 278 G W U6
fif b 2R d 4 ) e B B KM S B/ IMEL
FEERI G640 5 S m) fi 2R o 58 e o — 8 BT



B, A5 ST R 2 2] BWO FE AR AR 1A IO 07 15 89

NPHE R 2N (il S, X8 A figh SR fige 3k 107 5
PREBE T T HE Y , 25 G W AB R ET N ALY
FEAERRILE RO, S8 R BRIP4 1k, OBWO B3k
MIFPHFIRZ T A AU s B B 19 55 SCHR[ 13 ]
Fr—3,
2.2 OBWO Eix4mg#aim

OBWO HyL b 28 15 v B MY i 2F 96 IR 7
(Vo) FEIHIADL (Vi) 5 HVEEL OBWO Sk iR AL R
PEFIAS 3238, #3008 0 9 S i 2, B
PRIl — 2% B AR 0 W PN S 8 e B, Bk
G IE AR 5 s .

&S5 OBWO HiEAME n HEBHN
Tab.5 Encoding for individual » in the OBWO

HEHEUF Vo FEIATALL Vy

NGRS
Beluga(n,1,;)  Beluga(n,2,;)
1 2 2
2 3 2
13 9 5
14 1 3

3 SEEHEE

RGAIE TB&P AL 5 OBWO 553 1) A & vl
PR, 78 SO 2 R AR 11 Sk 52 B B3040 154 7 52 3]
5%, B Uk 38 A SR R A A AT S S R
3.1 KGIEE

ARSI AT A J7 He R AU 1 AR Ar s Xy
B, 2545 ML bR, BEE SR 6 iR

®6 HERFER

Tab.6 Berth Information PAAT :m
Jii ' K K JUUIE R
1 200 25 600
2 300 25 500
3 400 30 400
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5 400 30 500
6 400 30 600

FFEMAILL 14 MM —20, sk 7 Fos.
3.2 TB&P HEIFHESHT
3.2.1  #998 fdbatia) B et e 4 5 B A 20 5T
R T GER B RIS A X TB&P RERLAE AL 45
TR AR S R B AL A FE X L, AR

A 55 TB&P HBEFIAR EE, KA A A s I (8] 3¢ 8 H
PRE&EL Fy, HoAr 5 IR R PR — B, DR S 52
PRAEHE I [ /F R 3 LEARE IR 25 RN 8 IR .

®7T MBIAES
Tab.7 Ship Information
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f;g s s ke G
1 3 000 106 5.8 350 1 2
2 20000 183 10.5 1500 2 3
3 30000 241 12 3 000 3 4
4 50000 295 13 5 500 3 6
5 70 000 300 14 6 500 6 8
6 10 000 141 8.3 1000 2 3
7 10 000 141 8.3 1000 2 3
8 50000 293 13 5 500 4 6
9 70000 299 14 6 000 6 8
10 30000 241 12 3 000 3 4
11 30 000 241 12 3 000 3 4
12 20000 183 10.5 1500 2 3
13 50000 280 13 5 000 4 6
14 50000 295 14 6 500 4 6
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Tab.8 Comparative data of the two models
fshn TB&P 7Y XF LAY A
W v, v, T v, Vv, T
1 6 63.76 7 2 27.38
2 7 6 27.36 3 3 12.79
3 9 3 63.61 1 5 18.62
4 1 4 12.85 8 4 40. 14
5 12 6 24.77 14 3 29.9
6 5 6 7.33 11 1 70.99
7 4 6 42.4 2 4 7.33
8 13 6 33.25 12 4 103.06
9 11 5 35.68 6 4 47.19
10 2 5 65.33 4 4 63.91
11 3 4 100.58 5 5 35.07
12 8 2 81.34 9 5 134.88
13 10 5 113.61 10 3 119.86
14 14 5 138.12 13 3 175.71
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Tab.9 Specific gravity coefficient and its application
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