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Multi-objective optimization of aluminum electrolysis
based on functional evolution operator

FAN Qian', LONG Wei', YAO Li-Zhong*, LI Yan-Yan'
(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China;
2. School of Electrical Engineering, Chongging University of Science & Technology, Chongging 401331, China)

Abstract; Aiming at the multi-objective optimization problem that it is difficult to effectively improve
current efficiency and reduce DC energy consumption in the aluminum electrolysis manufacturing system
(AEMS), a functional evolutionary operator-based NSGA-]] (FEONSGA-]] ) is proposed in this paper.
Based on the stable operation of the system, the Pareto non-inferior solution set can be obtained to meet
the demands of increasing the efficiency and reducing the consumption of aluminum electrolysis. The
crowding entropy is used to update the population, and the distribution of the front solution set at all
levels is accurately estimated. To reduce the possibility of destroying the excellent solution set, we in-
troduce arithmetic crossover with a new o-function operator. Then, according to the Gaussian Cauchy
variation characteristics, the perturbation related to the number of iterations is generated to expand
search ranges and accuracy. Finally, the standard test function is used to detect the performance of the
algorithm and three comparison algorithms are applied to solve the aluminum electrolysis example. The
experimental results show that the proposed algorithm can obtain the Pareto optimal solution set with u-
niform distribution, which is conducive to the reference decision of aluminum electrolysis plant to a-
chieve the purpose of improving efficiency and reducing consumption.
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Tab.1 Test results of GD and SP
RS TebR ZDT1(107%) ZDT2(1073) ZDT3(1073) ZDT6(1073)
NSGA-1I GD 5.452 6. 151 8. 709 5. 244
SP 33. 31 28.19 43.72 28.91
MOPSO GD 5. 665 6. 307 8. 508 4. 857
SP 32.47 27.43 42. 35 34. 33
MOEA/D GD 5.592 7.334 9. 568 7.71
SP 34. 11 34. 82 54. 94 31.28
FEONSGA-[| -CES GD 5,421 5.312 7.731 4,149
SP 31. 95 26.76 40. 48 27.63
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Tab. 4 Some excellent simulation solutions of the AEMS
(RS Power/(10'kW « h/t-AD CE/% I/A U/mV tNB r ha/cm  h,/cm T/C
NSGA— I 1. 112 98. 87 1661. 21 3676.79 634 2.47 18.12  15.67 942.11
1. 047 98. 36 1671.80 3 602.86 618 2.35 18.66  15.87 948.98
MOPSO 1. 082 98.98 1675.83 3 600.00 662 2.35 18.90 14.77  944. 35
1. 066 98. 21 1689.56 3 639.56 621 2.55 21.00 16.08  949.54
MOEA/D 1. 181 98.53 1 660. 11 3 750. 00 703 2.42  17.09  15.67 942.05
1. 054 98. 85 1683.90 3 649. 38 613 2.35 18.22 15.20  946. 81
FEONSGA-[] -CES 1.114 99. 06 1667.62 3634.01 650 2.51 19.83 17.70  968. 25
1. 050 98.93 1683.51 3 669. 76 649 2.49 18.53  15.79 965,00
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