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Ballast water allocation optimization of crane vessels
based on MOEA/D algorithm

ZHOU Jia, SONG Lei
Naval Architecture and Port Engineering College, Shandong Jiaotong University, Weihai 264209, China

Abstract: [ Objectives ] To improve the efficiency of the ballast water allocation of crane vessels and re-
duce energy consumption in this process, an optimization method following a multiobjective evolutionary al-
gorithm based on decomposition (MOEA/D) is proposed. [ Methods ] Taking the water volume of each bal-
last tank after allocation as the decision variable, and the minimum total volume of allocated ballast water as
the optimization objective, and introducing the constraint of floating state, a mathematical model for the bal-
last water allocation optimization of crane vessels is built. Aiming at the problems of slow solution speed and
poor solution quality caused by the high dimensions of decision variables, an adaptive selection method for
ballast tanks is proposed which greatly reduces the number of tanks involved in the adjustment. In light of the
complex handling of constraint conditions, the single objective optimization is transformed into a multiobject-
ive optimization problem, and the MOEA/D algorithm is then applied. The final results are selected from the
Pareto solution set. [ Results ] An example of ballast water allocation in the process of the crane slewing of a
crane vessel is put forward. The calculation results show that the number of cabins involved in ballast adjust-
ment is reduced by 27%, and compared with the NSGA-II algorithm and genetic algorithm (GA) algorithm,
the total volume of allocated ballast water is reduced by 24% and 38% respectively, which verifies the feasibil-
ity and effectiveness of the MOEA/D algorithm. [ Conclusions ] The proposed method based on MOEA/D
provides a new solution for the optimization of the ballast water allocation of crane vessels. It has certain en-
gineering application value by offering a better ballast water allocation scheme.

Key words: crane vessel; ballast water allocation; adaptive selection; multi-objective optimization; mul-
tiobjective evolutionary algorithm based on decomposition (MOEA/D)
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NO.22 TK_9P 622.0 598.3 598.3 598.3 598.3 598.3 598.3 598.3 598.3 598.3 598.3
NO.23TK 9CP  121.8 104.5 104.5 104.5 104.5 104.5 104.5 104.5 104.5 104.5 104.5
NO.24 TK 9CS 3063 83.3 83.3 83.3 83.3 83.3 83.3 83.3 83.3 83.3 83.3
NO.25 TK_9S 470.3 270.5 270.5 270.5 270.5 270.5 270.5 270.5 270.5 270.5 270.5
RUEHKE 46565 46389 46305 49627 52355 54707 53022 54986 54986 53481 53481
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Table 3 Results of NSGA-II algorithm
JE# K &/t
It 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
NO.1 TK_1C 0.0 143.6 143.6 143.6 143.6 585.4 585.4 585.4 585.4 585.4 585.4
NO.I3TK 6P  1461.7 14617 14617 14617 16229 16229 16368 16368 18719 18719  1875.0
NO.14TK 6C  797.8 797.8 483.7 109.4 103.1 103.1 99.5 99.5 108.8 108.8 75.4
NO.15 TK_6S 876.5 876.5 868.5 837.7 957.4 9574 12343 12343 14424 14424 14509
NO.22 TK 9P 622.0 617.4 617.4 617.4 617.4 60.5 60.5 60.5 60.5 60.5 60.5
NO.23TK 9CP 1218 121.2 121.2 1212 1212 777.4 777.4 777.4 777.4 777.4 777.4
NO.24 TK 9CS 3063 2715 2715 2715 2715 261.0 261.0 261.0 261.0 261.0 261.0
NO.25 TK_9S 4703 466.8 466.8 466.8 466.8 512.0 512.0 512.0 512.0 512.0 512.0
REHKE 46565 47566 44344 40293 43039 48797 51669 51669 56194 56194 5597.6
T4 GAEZEER
Table 4 Results of GA algorithm
R K=/
Wik 0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
NO.1 TK_1C 0.0 415.7 415.7 415.7 415.7 415.7 415.7 114.6 114.6 114.6 191.8
NO.I3TK 6P 14617 14617 14617 14617 14617 14617 14617 14617 14617 14617 14617
NO.14TK 6C  797.8 797.8 396.4 131.6 25.4 0.0 0.0 0.0 0.0 0.0 0.0
NO.15 TK_6S 876.5 876.5 824.9 899.6 11164 13868 16354 16354 17843 18751 1875.1
NO.22 TK_9P 622.0 222 222 222 222 222 222 70.2 70.2 70.2 360.9
NO.23TK 9CP  121.8 334.6 334.6 334.6 3346 334.6 334.6 3426 342.6 3426 334.0
NO.24 TK_9CS  306.3 215.2 215.2 2152 215.2 215.2 215.2 45.1 45.1 45.1 455
NO.25 TK_9S 4703 183.3 1833 1833 183.3 1833 183.3 175.4 175.4 175.4 270.5
N K 46565 43072 38541 36641 37747 40197 42683 38450 39939 40846 45395
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Fig. 3 Comparison of ballast adjustment and crane vessel floating state on three algorithms
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2) WK E . B 3(a) AT A, ;1 MOEA/D &
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