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Abstract This paper studies the multi-—objective optimization configuration of special equipment materials on warships during the
mission at sea. Considering the configuration characteristics of special equipment materials on warships, we establish a multi—
objective and multi—constraint model with the fill rate and utilization rate as the optimization target, and volume, mass, and cost as
the constraints. The multi-objective Particle Swarm Optimization (PSO) algorithm is designed and improved, guaranteeing diversity of
particles at the global scope and avoiding excessively fast convergence, to obtain globally optimal solution. We further compare the
calculation results between the improved algorithm and standard algorithm, analyzing the optimal configuration under different weight
ratio and tendencies under different constraints. The results demonstrate the stability of the improved algorithm and practicability of
the multi—objective model.
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Tablel Parameters of special equipment materials
wrg DR R e/ GNP R

d’ m’ kg J1Jt d m’ kg Jiot
LRU, 0.0647 1 0.49 19.6 1.4 15 20 680 110
LRU, 0.0420 2 0.82 27.3 3.1 15 20 680 110
LRU; 0.0467 1 0.64 21.4 2.5 15 20 680 110
LRU, 0.0569 1 0.75 23.8 1.5 15 20 680 110
LRU;s 0.0521 2 0.38 16.7 3.7 15 20 680 110
LRUs 0.0486 1 0.56 20.1 4.2 15 20 680 110
LRU;, 0.0785 1 0.87 22.4 3.5 15 20 680 110
LRUs 0.0664 1 0.68 25.7 4.7 15 20 680 110
LRU, 0.0539 1 0.55 19.4 2.2 15 20 680 110
LRU, 0.0415 2 0.69 20.9 1.9 15 20 680 110
LRU,, 0.0714 1 0.74 23.6 5.6 15 20 630 110
LRU.» 0.0489 2 0.42 21.1 4.5 15 20 680 110
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Table 2 Comparison of calculation results of IPA and PA under different target weight

p.=1 0.1:0.9 0.2:0.8 0.3:0.7 0.4:0.6 0.5:0.5
STVAES
IPA PA IPA PA IPA PA IPA PA IPA PA IPA PA
FRAE 0.6752  0.6526  0.6932 0.6856 0.7175 0.7080 0.7403  0.7327 0.7730 0.7583  0.8068  0.7938
/M 0.5580 0.5412 0.6153 0.6111 0.6376 0.6326 0.6593  0.6552 0.6877 0.6821 0.7300  0.7245
T 0.6141  0.6006  0.6527 0.6486 0.6759 0.6698 0.6984  0.6923 0.7282 0.7209 0.7671  0.7614
0.6:04 0.7:0.3 0.8:0.2 0.9:0.1 pi=1
NV JEE
IPA PA IPA PA IPA PA IPA PA IPA PA
AE 0.8128  0.8094 0.8482 0.8445 0.8756 0.8702 09188 0.9103 0.9462 0.9383
/) ME 0.7687  0.7599  0.7891  0.7839 0.8202 0.8155 0.8624 0.8542 0.9264 0.9121
T 0.7928 0.7886  0.8250  0.8217 0.8506 0.8442 0.8874 0.8765 0.9308  0.9237
£3 FENEL THEEBHRRARESR
Table 3 Optimal configuration of special equipment materials under different weight ratio
*fflji . SR BT ny ﬁff/ ’iﬁﬁﬁ/ RS ORI SR
p.=1 (3,1,2,2,5,2,4,3,3,2,3,2) 19.7 679.9 106.5 0.9383 0.6752 0.6752
0.1:0.9 (2,2,2,2,2,3,3,2,4,3,4,2) 19.9 673.4 102.8 0.9329 0.6666 0.6932
0.2:0.8 (3,3,3,2,4,2,42,2,2,2.2) 19.6 670.5 99 0.9424 0.6613 0.7175
0.3:0.7 (4,1,2,3,3,3,3,2,3,1,3,3) 18.9 662.1 100.6 0.9265 0.6605 0.7403
0.4:0.6 (2,2,2,3,3,2,3,3,2,2,2,5) 19.1 675.9 104.5 0.9448 0.6585 0.7730
0.5:0.5 (3,1,2,2,5,2,4,3,3,2,3,2) 19.7 679.9 106.5 0.9383 0.6752 0.8068
0.6:0.4 (2,2,4,3,3,3,2,2,2,1,3,4) 19.0 672.3 104.7 0.9263 0.6425 0.8128
0.7:0.3 (2,2,2,3,3.4,4,3,1,2,2,3) 19.7 676.9 105.2 0.9345 0.6468 0.8482
0.8:0.2 (3,2,1,3.4,1,2,2,3,2,5,3) 19.2 670.6 104.7 0.9297 0.6323 0.8756
0.9:0.1 (3,2,2,3,3,2,4,2,3,2,2,3) 19.5 669.9 97.9 0.9462 0.6717 0.9188
p=1 (3.2.2,3,3,2,42,3.2.2,3) 19.5 669.9 97.9 0.9462 0.6717 0.9462
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Fig. 2 Tendency chart of fill rate, utilization rate and fitness
value with different weight ratio under volume constraint
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Fig. 3 Tendency chart of fill rate, utilization rate and fitness
value with different weight radio under mass constraint
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