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Intelligent Arrangement of Ship Pipeline Based on Astar-Genetic Algorithm
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Abstract: For route optimization in ship pipeline design, an intelligent arrangement method of
ship pipeline based on Astar-genetic algorithm was proposed. Firstly, the spatial model of ship
pipeline arrangement was established, including grid element model, pipeline simplification mod-
el, equipment obstacle model and constraint rule model. Next, the traditional genetic algorithm
was optimized. In the phase of population initialization, obstacle determination function was add-
ed to replace the penalty function used in other studies. In the crossover and mutation process,

Astar algorithm was introduced to generate subpaths. The father-child comparison was intro-
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duced, and the fitness values of the parents and children were compared every time after crossover
and variation. In the selection operation, the traditional roulette method was improved, and the
similarity ratio was introduced. The selection probability of an individual was determined by simi-
larity ratio and fitness value. Finally, the optimized Astar-genetic algorithm proposed in this pa-
per, particle swarm, Astar and maze-genetic algorithm were simulated and compared. The results
showed that the Astar-genetic algorithm obtained the optimal values in six indexes, i. e., the
length of pipeline, the number of corners, the energy value, the fitness value, the number of op-
timal solutions and the average convergence algebra. Compared with the maze-genetic algorithm
which is also a hybrid algorithm, the number of optimal solutions of the optimized Astar-genetic
algorithm in the two cases increased by 44. 4% and 100%, the average solving time decreased by
57.6% and 58. 1%, and the average convergence algebra decreased by 36. 9% and 44.1%, re-
spectively. Astar-genetic algorithm can not only ensure the quality of pipeline arrangement, but
also effectively improve the optimization efficiency. Its suitability and superiority for intelligent
arrangement of ship pipeline have been verified, and it is of significance for improving the produc-
tivity of the ship industry.

Keywords: ship piping; intelligent arrangement; optimization design; Astar-genetic algorithm
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Fig. 1 The simplified diagram of pipeline
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Fig. 2 The partition-modeling-combination diagram of standby

1.4 ZRMM R

P4 AL N T K T L 7 g% A W ) B 2
JEH 249 SRR D) T B R R sl TR T A BILTE B AR
R I 7 2225 T8 AR 2 T AR R A
B GRAE HL N K T AE A JE A BIL AR
PSR L 3015 S 7 A1 IS0 I =5 1 1) 24 R 2% A
MG B Y R AT S A R BT AL AR
KREFRZWMEOR ., G MATR IR A SO %A
I 75 B 2R < A AR B S R 0 A PR
5 FEAR S R B H AR PR BT PRAIEAS B 38 5 A B S
B ) AR I R BT ) Z BN R A A T
SR D A8 B R A 3 R RCRE AR AR 5 4 B AT
N AE B A R L M TR A e A SR T O HL
e i e T B R R

2 EHEREM BRI A Bk

2.1 #mHg

AR SR FH 2 o A R X A B AR BT R AT
Gty BEA A BT HERAT — D G (s y s 2) 55 HAH
XF R B A BT AR SR — AN BRI 3 PR A At
T [H] Y B AR AR SR 0 S — 2% Y G A, B AD R o iy —
AN, BN (3,3.3) (3,2,3) (3,1,3) (3,0,3)
(2,0,3) (1,0,3) (1,0,2) (1,0,1)} F/R 0% %
(3,3,3)FI(1,0, 1) 3K P4~ P A% BT 22 [A] 1) — & Y £,
T Bl — A B ARAMA
2.2 FhEEMRL

TEASANAS B BB A AT b, s R AR
T 15 T eR Y T SOk T 5 g R e ) A I I
(B AT o DL oA ol /N AR 3 32 28 48 A A 1 1 3k
FEAE 2, DT St o e O A5 2 9 4 B 2E o R AR
R 7 15 95 N 18 58 42 o fo 77 AR 2 R A 0 R TR
MK,

A SCHEFIRE R 46 Ak B B A 5 15 0 40 72 bR A
B T — A FE AR RS BT SR E — UG AR LT




5 6 34

EhG G ORI AR - B B AR A I A 175

TERERF Y N FR, RO AN AT 28 B, 38 3 i A R
UEFRE AR O R bR AS B 1 SR R
2.3 LZXETF

A SC I 28 X AR 45 A D) R s 1 B AL A5 2%
A& HARSZ I AT - B S 0 A AR T 7T
X B R n/2 DA 0 HERL
HHNn/2—14HE HERTH—DMEE L B4
A PS8 A A AR 1R A% B B 38 B — > 24 58 R
SRIG R SCHRL 25 Trh i i A B B30 3 A 3K T > 2%
2 pZ A A — BT B AR . SRR Py 2R 38 A
HIEB 41, F BEAR FNACARANK P, 1 2% 58 2505 #4321 B

TARAAE S, s R B ACARASR Py (9 2% 52 05 )R B 4
TREARFNAARAR Py B 2% 52 55000 23 4L 1A
RS, . HARGARRME 3 Prs.

F R PR A s T b B AR TR TR —
SN H S B B AR SO AT SR o Y
ANV R AE A B O3 i TR A A B IR UL A ) S
P22 18] 64 T A B R AT DD 5 5 . Ar /e R B Y
TR FI AR B A 4 Fros, AR 744
S, A7 A5 #0004 U0 5 T AR T AR
Sy o I RS SR L BE A E T M2 R Sk
B T A AR R AR

P, 342343344354 364374 384383483583 683[684]

T [382 482582583

372 382482582583 683 [684]|

TARS,[ 342343344 [354 364374384383 483583 582482[382]383 ]384 484584684

K3 X HEAERER

Fig. 3 Cross operation diagram
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Fig. 4 The diagram of child individual cutting operation with repeated paths
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Fig. 5 Automatic pipeline layout flow chart
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Table 1 Obstacle information coordinate table

LAY s X i Y Z
1 (70,80) (60,75) (0,40)
2 (80,95) (80,100) (0,50)
3 (60,75) (0,15) (0,30)
4 (80,100) (30,45) (0,100)
5 (20,40) (10,30) (0,60)
6 (20,45) (45,70) (0,100)
7 (30,50) (90,100) (0,20)
8 (60,80) (80,100) (85,100)
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Table 2 Parameter values for several algorithms

¥ BE
PSO-Dong GA-Sui A BE-Bian A E-j#tfE

n 10 10 10
8max 600 600 600

P. 0.8 0.8 0.8
P. 0.05 0.05 0.05
P, 1.0 1.0 1.0

a 0.75 0.75 0.75 0.75

B 0.15 0.15 0.15 0.15

4 0.1 0.1 0.1 0.1
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Table 3 Optimal path results based on optimal Astar-genetic

algorithm
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Fig. 7 Optimal path placement results of case 1 based on op-
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Table 4 The results of pipeline layout obtained by each algorithm
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H K WAL B | /s SR KL ¥ B P e I N7 AE
PSO-Dong 2 1. 86 332 321.5 6.7 15 499 756. 370
GA-Sui 9 95. 62 65 300. 0 3.8 0 499 774, 430
B
A F-Bian 8 0.95 300. 0 3.9 0 499 774, 415
A B-igf 13 40. 52 41 300.0 3.6 0 499 774. 460
PSO-Dong 2 1.68 314 296. 0 9.1 25 499 774.135
GA-Sui 6 82.47 59 280. 0 4.7 0 499 789. 295
B2
A £ -Bian 5 1.24 280. 0 4.8 0 499 789. 280
A B-ig 12 34.61 33 280.0 4.5 0 499 789. 325
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