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Flower pollination algorithm fusing chaotic mapping and multiplication—-division
operators and applications

XIA Yixuan, HE Xingshi

(School of Science, Xi'an Polytechnic University, Xi’an 710048, China)

Abstract. Flower pollination algorithm is a swarm intelligence algorithm that is widely used in various fields. In view of the
problems such as low convergence accuracy, slow convergence speed and poor stability of the algorithm, flower pollination
algorithm based on chaotic map and multiplication and division operator is proposed. First of all, the better random distribution
ability of the hybrid chaotic map is used to generate a more regular and uniform initial population position to reduce the impact of
random errors on the algorithm; secondly, because of the good performance of the inverse hyperbolic tangent function, it is
introduced into the adaptive transformation probability to replace the fixed conversion probability to improve the convergence ability
of the algorithm, which is helpful to control the balance between global search and local search. finally, in the stage of global
search, the multiplication and division operator is introduced to scale the pollen position to fully search the space to prevent the
algorithm from entering the local optimal value. Through the simulation experiments of twelve test functions, the results show that
the performance of the algorithm is better than FPA, PSO, CS and ABC algorithm in unimodal, multi—peak and fixed-dimension
test functions. The optimization performance is significantly improved, and the convergence speed and accuracy are faster. The
MDFPA algorithm is applied to PID parameter optimization, and the results show that the optimized PID controller has better
performance.
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Fig. 2 The curve distribution of adaptive transformation
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Table 1 Test functions

PRKLAA B pRER K it 25 8] B ARE
Sphere filx) = sz [-100,100] 0
i=1
Schwefel2.22 folx) = 2 [x; [+ H [ x, | [-10,10] 0
=1 i=1
D i N
Schwefel1.2 A = X (X)) [-100,100] 0
=1 =1
Sum squares falx) = imlz [-10,10] 0
=1
d
Sum of Different Powers fs(x) = z [ x; [ [-1,1] 0
i=1
n 1 & 2 1 & 4
Zakharow fox = Zx? + (TZLx,) + (72”:’) [-5,10] 0
=1 i=1 i=1
d
Rastrigin fa(x) = 2 [x? = 10cos(2Ilx;) + 10] [-5.12,5.12] 0
i=1
1 < - x;
Griewank fulx) =1 +4000,;xf - E(:OS([T) +1 [-100,100] 0
a4
Powell fox) = 2 [(wgoy + 100, 5)% + 5 (wyny =24 + (wgmy = 204-)* + 10 (g5 —xy)* ] [-4,5] 0
=1
Alpine Sio(x) = 2 | x;sin(x;) +0.1x, | [-10,10] 0
=1
Three—Hump Camel Su(x) = 223 = 1.05x} +x8/6 + x,x, + 43 [-5,5] 0
Matyas Sia(x) = 0.26(a +x3) — 0.48x,x, [-10,10] 0
3.2 WHEERSHILE 3.3 HEKRBEELLR
ARSI FPA (PSO,CS Fl ABC 4 Fh S i EA T TEART] A I 2R 858 02 1T 5 A RTE X 12 A

SPHCSEE . b T AR I U AR AL S B E R I BRE BT 50 IR, SEIRAE SR LR 3~ K 14,
BERIBE N = 25, Fe KRR B 1 000 ¥R, 45 B i AH

FBREE L 2, ®3 EHA(x)HEER
£2 HESHEE Table 3 Simulation results of function f,(x)
Table 2 Algorithm parameter settings . D =50 D = 100
Bk SRS ik Std Mean Std Mean
MDFPA P, =1,P, =02,u=05 a=05 MDFPA 0 0 0 0
FPA P =08, n =25 FPA 3.55E+02 1.30E+03 6.19E+02 5.55E+03
PSO e =6 =2, 0=1, 0, =08 PSO 2.11E+01 1.20E+02  1.76E+02 1.33E+03
s P =025, n =25 cs 1.84E+00 4.50E+400  1.29E+02 6.27E+02

ABC 9=15.n=25 ABC 4526402 1.72E+03  4.26E+03 6.39E+04
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Table 4 Simulation results of function f,(x) Table 9 Simulation results of function f,(x)
D =50 D = 100 D =50 D = 100
Std Mean Std Mean Std Mean Std Mean
MDFPA 0 0 0 0 MDFPA 0 0 0 0
FPA 3.58E+00 2.77E+01 7.82E+00 7.46E+01 FPA 3.31E+01 2.10E+02 4.48E+01 5.02E+02
PSO 1.71E+01 3.19E+01 3.10E+01 7.81E+01 PSO 4.06E+01 3.88E+02 6.25E+01 8.78E+02
CS 4.03E+09 2.80E+09 0.00E+00 1.00E+10 CS 1.53E+01 1.42E+02 3.05E+01 3.58E+02
ABC 1.22E+00 5.31E+00 5.85E+04 3.35E+04 ABC 1.72E+01 4.81E+02 4.16E+01 1.20E+03
x5 EHSf(x)HEER R10 B f(x) HEER
Table 5 Simulation results of function f;(x) Table 10 Simulation results of function fg(x)
A D =50 D =100 A D =50 D =100
Rk Rk
Std Mean Std Mean Std Mean Std Mean
MDFPA 0 0 0 0 MDFPA 0 0 0 0
FPA 5.45E+02 1.90E+03 1.54E+03 8.94E+03 FPA 2.47E+00 1.24E+01 7.78E+00 5.20E+01
PSO 1.75E+03 6.46E+03 8.65E+03 4.04E+04 PSO 2.02E-02 1.02E+00 5.80E-02 1.42E+00
CS 2.19E+02 1.16E+03 1.50E+03 9.74E+03 CS 3.88E-02 1.03E+00 1.20E+00 6.46E+00
ABC 6.34E+03 1.04E+05 2.75E+04 4.12E+05 ABC 3.64E+00 1.63E+01 5.49E+01 5.64E+02
K6 EEf(x) HHER R EH L, (x) PHER
Table 6 Simulation results of function f,(x) Table 11 Simulation results of function f,(x)
D =50 D = 100 D =50 D = 100
Std Mean Std Mean Std Mean Std Mean
MDFPA 0 0 0 0 MDFPA 0 0 0 0
FPA 5.45E+01 2.75E+02 4.24E+02 2.37E+03 FPA 1.11E+01 5.49E+01 1.24E+02 4.51E+02
PSO 9.59E+02 8.14E+02 5.56E+03 6.06E+03 PSO 0 0 0 0
CS 4.84E-01 1.28E+00 5.81E+01 2.37E+02 CS 2.76E+03 3.38E+03 2.40E+03 4.40E+03
ABC 4.70E+01 2.48E+02 2.06E+03 2.11E+04 ABC 4.42E-01 8.42E-01 1.11E+01 3.91E+01
®T B Sf(x)FEER F12 BH S, (x)HEER
Table 7 Simulation results of function f5(x) Table 12  Simulation results of function f,(x)
D =50 D = 100 D =50 D = 100
Std Mean Std Mean Std Mean Std Mean
MDFPA 0 0 0 0 MDFPA 0 0 0 0
FPA 1.54E-08 1.33E-08 2.33E-07 1.49E-07 FPA 3.07E+00 2.35E+01 5.93E+00 5.41E+01
PSO 9.75E-06 1.33E-05 9.46E-06 1.31E-05 PSO 6.84E+00 1.42E+01 1.12E+01 3.31E+01
CS 7.52E-12 5.31E-12 7.96E-10 5.29E-10 CS 1.71E+00 1.33E+01 3.02E+00 3.53E+01
ABC 6.33E-02 1.72E-01 3.24E-01 1.32E+00 ABC 3.41E+00 4.79E+01 9.22E+00 1.49E+02
x8 B S(x)HFEER R13 BHSfu(x)HEER
Table 8 Simulation results of function f,(x) Table 13  Simulation results of function f;,(x)
D =50 D =100 D=2
[ERFS ER7S
Std Mean Std Mean Std Mean
MDFPA 0 0 0 0 MDFPA 0 0
FPA 4.07E+01 1.50E+02 1.10E+02 5.77E+02 FPA 3.08E-15 2.32E-15
PSO 3.85E+02 1.69E+03 5.31E+02 4.45E+03 PSO 1.66E-06 1.72E-06
CS 4.82E+01 2.79E+02 1.47E+09 9.20E+09 CS 3.72E-42 2.34E-42
ABC 4.01E+01 6.47E+02 7.84E+01 1.71E+03 ABC 2.13E-08 2.67E-08
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Table 14 Simulation results of function f,(x)

D=2
Ak
Std Mean

MDFPA 0 0
FPA 1.47E-17 1.09E-17
PSO 5.02E-08 4.70E-08

CS 1.89E-45 1.07E-45
ABC 6.89E-07 9.15E-07
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Fig. 3 The convergence curves of function f,(x)
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Fig. 4 The convergence curves of function f,(x)
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Fig. 5 The convergence curves of function f;(x)
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Fig. 6 The convergence curves of function f,(x)
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Fig. 9 The convergence curves of function f;(x)
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Fig. 10 The convergence curves of function fg(x)
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Fig. 14 The convergence curves of function f,(x)
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ISRk g 45 R WK 15,

%15 Wilcoxon S #ie 4R

Table 15 The wilcoxon signed-rank test results

MDFPA FPA PSO CS ABC
/=)= - 0/15/0  0/14/1  0/14/1  0/15/0
R+/R- - 12070 10570 12070 120/0
p—value - 0.001 0.001 0.001 0.001
<0.05 - YES YES YES YES
Rank 1.03 3.47 3.90 2.67 4.07
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