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Phased-improvement marine predators algorithm and its application

FU Hua®, LIU Shang-lin, GUAN Zhi-feng, LIU Hao
(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: Aiming at the disadvantages of limited adaptive ability and high local shackles probability of marine predators
algorithm, a phased-improvement marine predators algorithm is proposed. The differential evolution is implemented
in the high velocity ratio phase, which expands the global exploration range with the variation and crossover of the
original prey population, and optimize the individual quality seriatim. The sine and cosine algorithm is introduced
in the unit velocity phase to fluctuate the parallel architecture with an equal probablity, which is used to improve the
flexibility of the Levy flight group and the Brownian motion group, and promote the penetration between groups in order
to optimize the development and exploration capabilities of the algorithm in the same rhythm. The Cauchy mutation
strategy and the reverse learning strategy are combined in the low velocity ratio phase to evolve the predators into the
self-regulation Cauchy mirror predators, for avoiding excessive population assimilation at the end of iteration, so that the
anti precocity ability of the algorithm is strengthened. The performance of the improved algorithm is evaluated by the
benchmark function comparison optimization experiments and the Wilcoxon’s sign rank test, and the results verify that
the phased-improvement strategy contributes to the overall expressiveness of the algorithm. The improved algorithm is
used to optimize the paraments of online sequential extreme learning machine and applied to transformer fault diagnosis,
and the effectiveness and engineering practicability of the phased-improvement strategy are further verified.

Keywords: intelligent optimization algorithm; marine predators algorithm; phased-improvement; transformer fault

diagnosis; online sequential extreme learning machine
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MPA  896e-36 1.22e-19 130e-15 131e-01 7.71e-13  0.00e+00 4.40e-14  0.00e+00 3.07¢-04 —5.09e+00
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AT /s
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D =10 D =30 D =50
CER 2
Bibi PG AR RGNS CEIE BRE% B TS bk
MPA 1.03e-35 1.67e-30 3.72e-30 2.37e-27 9.57e-27 1.01e-26 2.50e-25 4.99e-25 1.91e-25
DEMPA 8.09¢-50 5.43e-36 1.21e-35 1.75e-32 1.34e-30 2.40e-30 2.35e-30 3.49¢-29 3.17e-29
SCMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 1.26e-85 4.03e-80 8.75e-80
Fy CMPA 1.29e-78 9.30e-61 2.07e-60 2.95e-53 6.71e-53 2.68e-53 2.90e-38 5.55e-37 7.96e-37
TMPA 5.61e-39 1.73e-36 5.10e-36 8.16e-32 4.03e-29 5.57e-30 3.11e-28 1.16e-26 8.34e-27
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DEMPA 9.83e-45 1.01e-39 2.18e-39 4.68e-20 1.75e-19 2.46e-19 1.12e-17 3.25e-15 4.00e-15
SCMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 4.14e-99 4.16e-97 4.87e-97

Fy CMPA 2.88e-60 9.02e-53 2.01e-52 2.26e-35 2.60e-33 2.89e-33 1.07e-30 8.41e-29 1.40e-28
TMPA 5.64e-23 1.96e-20 7.93e-21 1.89e-18 8.34e-16 3.57e-16 1.22e-16 5.18e-14 1.40e-28

BMPA 9.01e-22 4.95e-18 5.75e-19 6.85e-19 2.11e-17 7.11e-17 1.00e-15 9.9le-14 2.90e-15

PMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

MPA 2.79-15 1.93e-14 3.12e-14 5.37e-11 1.97e-10 2.65e-10 2.58e-10 4.42e-10 3.22e-10

DEMPA 1.49¢-16 5.76e-15 4.08e-15 5.16e-11 7.36e-11 1.52e-11 6.6le-11 8.15e-11 8.58e-12
SCMPA 8.08e-21 1.14e-19 1.47e-19 1.03e-12 2.88e-11 3.70e-11 1.01e-12 4.57e-11 4.27e-11

F3 CMPA 1.57e-17 5.82e-16 3.81le-16 3.3%-12 3.60e-11 3.51e-11 1.00e-12 1.87e-10 3.16e-10
TMPA 5.01e-16 9.85e-15 2.3%-15 8.50e-13 6.99e-12 2.14e-12 3.20e-11 9.3%-11 4.17e-11

BMPA 6.63e-16 1.77e-15 5.06e-15 3.02e-11 8.06e-10 4.67e-11 1.37e-10 4.29¢e-10 7.38e-12

PMPA 9.80e-26 1.10e-20 2.24e-20 3.46e-14 9.98e-13 7.00e-13 1.25e-13 1.04e-11 1.64e-11

MPA 1.31e-01 5.37e-01 2.40e-01 3.40e-01 7.90e-01 8.25e-02 6.15e-01 9.38e-01 3.00e-01

DEMPA 9.09e-02 1.10e-01 2.52e-01 1.85e-01 3.71e-01 1.38e-01 4.70e-01 7.80e-01 2.25e-01
SCMPA 1.32e-02 7.25e-02 4.17e-02 6.01e-02 9.20e-02 6.00e-02 3.29¢-01 5.05e-01 1.92e-01

Fy CMPA 8.58e-02 9.92e-02 3.81e-02 8.96¢-02 2.55e-01 3.09e-01 4.12e-01 6.78e-01 1.79¢-01
TMPA 1.04e-01 4.09e-01 7.09e-02 3.10e-01 6.91e-01 2.87e-01 5.78e-01 8.79¢-01 2.58e-01

BMPA 1.18e-01 5.22e-01 3.91e-01 3.22e-01 7.71e-01 3.62e-01 6.09e-01 9.10e-01 2.37e-01

PMPA 8.28e-03 4.23e-02 6.04e-02 1.09¢-02 8.59e-02 6.06e-02 2.56e-01 3.77e-01 8.82e-02

MPA 7.71e-13 4.89%-10 1.19e-09 2.43e-07 5.90e-05 4.04e-05 4.21e-02 3.56e-01 9.01e-02

DEMPA 7.46e-13 4.60e-10 9.53e-10 1.34e-07 5.04e-05 4.77e-05 1.31e-02 7.67e-02 2.43e-02
SCMPA 7.05e-13 4.45e-10 9.58e-10 7.53e-08 4.30e-05 1.93e-05 5.75e-03 4.50e-02 7.10e-02

Fs CMPA 7.29e-13 4.53e-10 9.66e-10 8.02¢-08 4.73e-05 8.68e-05 9.90e-03 6.99¢-02 6.84¢-02
TMPA 7.64e-13 4.79-10 9.82e-10 2.00e-07 5.17e-05 4.30e-05 3.25e-02 2.79e-01 6.80e-02

BMPA 7.69¢-13 4.81e-10 9.80e-10 2.20e-07 5.33e-05 3.29e-05 3.80e-02 3.40e-01 2.03e-01

PMPA 6.76e-13 4.28e-10 9.24e-10 6.10e-08 3.81e-05 5.15e-06 2.36e-03 7.72¢-02 1.42¢-02

MPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

DEMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
SCMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

Fg CMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
TMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

BMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

PMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

MPA 4.49e-14 3.13e-12 1.08e-12 6.99¢-12 8.22e-11 6.70e-12 2.0le-11 6.79%-11 4.63e-12

DEMPA 3.17e-15 2.99e-14 9.10e-14 1.24e-13 8.43e-13 5.17e-13 1.19e-11 2.86e-11 1.30e-12
SCMPA 2.77e-16 2.21e-15 4.71e-16 2.05e-14 9.88e-14 3.00e-15 2.11e-14 7.73e-14 2.16e-15

Fr CMPA 1.00e-15 8.10e-15 2.13e-15 7.82e-15 4.46e-14 3.36e-14 5.14e-13 9.85e-12 3.12e-15
TMPA 1.09e-13 7.67e-13 3.40e-14 2.40e-13 2.88e-12 2.31e-12 1.25e-12 2.11e-12 1.04e-13

BMPA 2.90e-13 9.23e-13 1.80e-13 1.5%-11 3.95e-11 5.34e-13 9.21e-12 1.00e-11 7.08e-12

PMPA 8.88e-16 8.88e-16 0.00e+00 8.88e-16 8.88e-16 0.00e+00 8.88e-16 8.88e-16 0.00e+00
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MPA 0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
DEMPA  0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
SCMPA 0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
Fy CMPA 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
TMPA 0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
BMPA 0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
PMPA 0.00e+00 0.00e+00 0.00e+00  0.00e+00 0.00e+00  0.00e+00  0.00e+00 0.00e+00  0.00e+00
MPA 3.07e-04 3.89e-04 1.47e-05 6.98e-02 9.20e-02 4.45e-02 8.31e-01 9.38e-01 6.66e-02
DEMPA 3.07e-04 3.50e-04 1.40e-05 5.67e-02 7.32e-02 6.43e-03 6.90e-01 7.22e-01 6.29e-02
SCMPA 3.07e-04 3.21e-04 1.33e-05 4.96e-02 5.55e-02 5.90e-03 4.59e-01 5.02e-01 7.30e-02
Fy CMPA 3.07e-04 3.44e-04 1.74e-05 5.27e-02 6.72e-02 4.01e-03 5.64e-01 6.58e-01 5.04e-02
TMPA 3.07e-04 3.66e-04 1.26e-05 6.49¢-02 8.00e-02 2.40e-02 8.02e-01 8.97e-01 7.63e-02
BMPA 3.07e-04 3.84e-04 4.30e-05 6.77e-02 8.96e-02 3.44e-02 8.28e-01 9.33e-01 1.01e-01
PMPA 3.07e-04 3.07e-04 0.00e+00 2.57e-02 2.57e-02 0.00e+00 3.20e-01 3.20e-01 0.00e+00
MPA —5.09¢e+00  —5.09e+00  0.00e+00 —3.61e+00 —3.61e+00 0.00e+00 —1.20e+00 —1.20e+00  0.00e+00
DEMPA  —6.23e+00 —6.23e+00  0.00e+00 —4.95e+00 —4.95¢e+00 0.00e+00 —2.87e+00 —2.87e+00 0.00e+00
SCMPA  —8.79¢e+00 —8.79¢=00 0.00e+00 —7.00e+00 —7.00e+00 0.00e+00 —5.58e+00 —5.58¢+00  0.00e+00
Fio CMPA —7.51e+00  —7.51e+00  0.00e+00 —6.03e+00 —6.03e+00 0.00e+00 —4.13e+00 —4.13e+00 0.00e+00
TMPA  —5.63e+00  —5.63e+00  0.00e+00 —3.95e+00 —3.95¢+00 0.00e+00 —1.50e+00 —1.50e+00  0.00e+00
BMPA  —5.31e+00 —5.31e+00 0.00e+00 —3.72e+00 —3.72¢+00 0.00e+00 —1.33e+00 —1.33e+00 0.00e+00
PMPA  —1.04e+01 —1.04e+01  0.00e+00 —8.26e+00 —8.26e+00 0.00e+00 —6.60e+00 —6.60e+00 0.00e+00
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