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Research on optimized modelling and algorithm of
integrated allocation of irregular berth and quay crane

ZHAO Jiao', HU Hui', YUAN Hua-Zhi®

(1. School of Transportation Engineering, Chang’an University, Xi’an 710064, China;
2. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China )

Abstract: As the limited resources of the port, the optimal allocation of berths and quay cranes is condu-
cive to improve the operation efficiency of the port and speed up the departure time of ships. Due to the
limitation of geographical conditions, the berth lines of some ports are not linear, but show "L" or "F"
shape, such as quay cranes can not free to move on these discontinuous berth, this kind of berth alloca-
tion problem cannot be optimized based on the continuous berth allocation problem, and the space of the
berth line will be wasted based on the discrete berth allocation problem. For the irregular berths and
quay crane integrated distribution problem, according to the relative location and time of arrived ships, a
mixed linear programming mathematics models is established, three valid inequalities are extracted by
analyzing the features and variable relationship, and CPLEX software is used to solve the model. With

the increasing of the problem size, the solving time is increasing. Therefore, the improved particle
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swarm algorithm is proposed, a new velocity updating formula with random search strategy is used to a-

void falling into local optimum. The experiment results show that the average solving time is reduced by

83. 23% by adding the valid inequalities. The average result obtained by the improved particle swarm al-

gorithm is reduced by 25. 21% than that of the standard particle swarm algorithm. It is proved that the

improved particle swarm optimization algorithm proposed in this paper is effective in solving the problem

of irregular berth and quay crane allocation.

Keywords: Irregular berth; Berth allocation; Quay crane allocation; Integrated optimization; Linear pro-

gramming; PSO algorithm
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The comparison on the results of model 2 before

and after added valid inequalities solved by CPLEX
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Fig. 6 An example of the irregular berth and quay crane allocation plan
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Tab. 2 The known parameters of the case with 8 ships

A KRB B

WK RANRER

N AR %
1 200 2 48,24,16,12,9 4 2
2 300 15 35,17,11,8.,7 4 2
3 100 22 10,5,3,2.2 1 1
4 150 12 40,20,13,10,8 2 1
5 300 5 46,23,15,11,9 4 2
6 150 2 37,18,12,9.7 2 1
7 100 12 38,19,12,9,7 1 1
8 200 23 48,24,16,12,9 4 2

&3 Bt PSO HESREERRBHER

Tab. 3 The results of improved PSO with different iterations

FRIEAUEL
1A B F A

800 1000

8 125 125

9 139 139

10 166 166

3 11 205 205
12 220 215

13 241 229

14 242 239
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SHROE T BRI AR ol DL kAU
1000 X, 272 A e B 1. 5 I8F, PSO BIE BIsR R 4h

SR PR 7 AR D 1000 40, BEHLE
AT REN 1.5,

Fz A4 B PSOHEHIZEIIEFSEILE
Tab. 4 The random learning factor setting of improved PSO

o ) BEHLA ] T
HAEEL MRS
C3:1. 0 L‘3:1. 3 C;zzl. )
8 125 125 125
9 141 139 139
10 175 172 166
3 11 221 205 205
12 243 230 215
13 241 229 229
14 272 251 239
i 202. 57 193 188. 29

3 5 AFRUERLFHESR L IR R R DA K
CPLEX SRFgZER AT L, 22 1= (SPSO—TPSO) X
100%/ TPSO; {2 2= (IPSO—CPLEX) X 100%/
CPLEX. MSEZERZE LTI LA Y, ootk Ay Je - 1 5
PR AR LS R A 25 09 dc KABL Ry 25, 52, 78 T A 55 5
o 22 B34 16. 62, Bl 5 S AR R 38
it 22 22 B2 HE R A . R B SR
450 5 CPLEX B3k SR fife 45 S i e Ko 22 4 4.
37% ¥R 2R 2. 89 %, i CPLEX #4411 715
SRAGE B Ry 253, 77  BUHE A FE 3 10 1 7 1 oK i
BFEACA 0. 39 s, UEBH T i MR FHER LA A
RUPE.

5 KR PSO. K PSO #1 CPLEX £ R X3tk
Tab.5 The comparison on the results of improved PSO, standard PSO and CPLEX

H b7 R SR ANENS
AL BE AR W2E1/% W2 2/%
SPSO IPSO CPLEX SPSO IPSO CPLEX

8 137 125 122 0. 266 0. 280 0.57 9. 60 2. 46

9 139 139 136 0. 297 0. 302 0. 82 0 2.21

10 203 166 164 0. 312 0. 324 3.48 22. 29 1.22

3 11 223 205 197 0. 344 0.346 5.26 8.78 4.06
12 253 215 206 0. 359 0. 355 131. 58 17. 67 4,37

13 282 229 223 0.516 0. 531 117.78 23. 14 2.69

14 300 239 233 0.773 0.578 760. 44 25. 52 2.58

i 219. 57 188. 29 183 0. 41 0.39 253.77 16. 62 2. 89

042001-7



% 59 &

v K FRCH RAF O

%A

T B UEAR SRR SR AR SR AR R R
A5 [r] RIS 1) A R 5 43 00 >R FH AR fE PSO Rl i e
PSO Xif AN [7] AR (1 0] R E A 7 5K e, &5 SR an 3k 6
R = (SPSO—IPSO) X 100%/ TIPSO, %
ANFIABE 45 FE 155 10 21 R BUASL 3] SR figt T 445 1) -
YIE. ATRVE R AR DD, ik PSO (145
LT FRUE PSO IS5 5 UEM T 8 PSO 78K i
A8 R RIS [m] LS ) A R

+£ 6 kA PSO g PSO &R 3tk

The comparison on the results of improved PSO
and standard PSO

Tab. 6

A PR SR TE /5
AR B A% w2/ %
SPSO  IPSO  SPSO  IPSO

21 300.34 214.88 0.88 0.89  28.45
22 307.93 207.53 0.97 0.96  32.60
23 336.92 244.93 1.06 1.04  27.30
24 373.54 249.47 1.11 .12 33.21
25 397.87 263.20 1.13 1.17  33.85
26 456.05 295.33 1.23 1.25  35.24
27 461.64 300.75 1.28 1.29  34.85
28 519.09 324.44 1.37 1.37  37.50
29 596.14 382.06 1.48 1.42  35.91
30 648.32 394.94 1.52 1.52  39.08

BT 439.78 287.75 1.20 1.20  33.80

25 b AERER o In AT RO G U BB SR
fifg s Te0] B9 Sk /D>, T T A 0 e R AR SR
SR A 25 R T hr b ESRE ISR R 45 2L . 1X
JE W TR RERE A 2 B A R st I A B8
MBI R 380 TR S a9 e B 45 5 4k
FPLAbsf. R 5 F3k 6 7T LLE ), otk + #F 5
AR PeAR R S FEoR A B i bl 1T
16. 62201 33. 8026, R £F X 438 17 AN, oK it
Fri PR T 25. 21%.

5 & &

AR SCRIFGE T SR A w0 AS R 0] 097 7 0 2
SRR BE . X% ), FRATT N7 T 2 A A
B, 3158 58 CPLEX 3R2E 7R 17 3R i 5 51 %t 1)
FURABEIE i, >R fige Aok 170 28 K A T] B, 6 B 7RY rofin A
SN RN S 2 (AR A B SR i s ) AR T
83. 23%6. £ XA ANEL H ¥4 hn )5 , CPLEX 34 ok

FE T $2 A7 B (8] YR AR AR 100, AR SCRE M TR RES:
DA TR A ST 4 R B, Blodh by R A A L
PRiEbr T 5 SR g T B v T 25, 21 %0, iE
TSSO A AR A T SRR A SR A R AR
AN R AT 3T T AL P 355

ASCIBIEFE A BT X 3R P I 0 ) 9 s
[N P& AR AR R O HL R % 58 T R b4 7 DA
YV B 53 B » A 75 1R AR 204168 g DA, B A b 1)
S8 S5 22 HE » A SRR A S FH A7 1) 38 Bk ) AN - £
ANFILVUSI A7 e A7 4 1S M) B ) A A 7 A AR Ak
5T,
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