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Application of the improved bat algorithm in numerical integration

XTAO Huihui, DUAN Yanming
(College of Computer and Information Engineering, Hechi University, Yizhou 546300, China)

Abstract ; The bat optimization algorithm is a new swarm intelligence algorithm that has appeared in recent years. It
is a kind of intelligent optimization tool with very good and strong optimization ability. This algorithm has character-
istics including fast convergence, potential distribution and parallelism. However, it also has shortcomings including
low precision in optimizing, low convergence speed in later periods, ease of falling into local optimization, etc. To
overcome the shortcomings of current numerical integration methods and the bat algorithm, by fusing the differential
evolution algorithm that has excellent abilities of local searching and global optimizing into the bat algorithm, this
paper presents an improved bat algorithm based on the differential evolution algorithm that is applied to solving the
numerical integration of any function. This algorithm not only can solve the definite integral for any function of com-
mon sense, but it can also calculate the oscillatory integrals and singular integrals. By comparing six different exam-
ples with current numerical integration methods, the simulations show that the improved algorithm is efficient and
feasible. It is able to compute the numerical integration of any function. Meanwhile, it extends the application field
of the bat algorithm.
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Table 1 Performance comparison of fixed evolution iterations

B Bk RARAH FEIE RZEH PR
i DEBA 9.69563834601188E-19 5.84379322609028E-18  1.62619389692447E-17  4.83833694643861E-18
S BA 2.16605159265E+03 1.24378646804E+04 3.68689654162E+04 7.91305595959E+03
DEBA 0 0 0 0
fo(x)
BA 4.87664433735E+01 9.77629405876E+01 1.78104931825E+02 3.24392513245E+01
DEBA 22.86069418838456 55.24989150912832 88.59947945489543 17.80577852011065
A BA 4.13821313748E+03 1.01326679645E+07 5.38275134994E+07 1.37257696079E+07
i DEBA -1 —-0.99992590333598 —-0.99943890712016 1.32120767991106e-04
Sl BA -0.92181081785627 -0.64017500307743 -0.51119158750609 1.2404397445565 e-01
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Table 3 Integral values comparison of the example 1 with 9 algorithms
PRIEL %’ P V1 + 52 171 + x sin(x) e
Ko 2.667 6.400 2.958 1.099 1.416 6.389
AR 2.666 985 73 6.401 201 2.958 169 0 1.098 754 1.416 082 6.388 921
IWO 2.666 33 6.398 65 2.957 81 1.098 59 1.416 32 6.388 73
PSO 2.666 6.398 2.958 7 1.098 5 1.416 6.388 7
AFS 2.666 593 6.399 501 2.957 868 1.098 598 1.416 173 6.388 949
FN 2.667 6.399 5 2.957 89 1.098 6 1.416 6.389
ES 2.666 6.398 295717 1.098 1.416 6.388
NN 2.665 6.393 2.959 1.101 1.415 6.388
Simpson 2.667 6.667 2.964 1.111 1.425 6.421
FRIE Ik 4.000 16.000 3.326 1.333 0.909 8.389
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Fig.2 The integral error change curve of function x*
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Fig.4 The integral error change curve of example 2
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Table 4 Integral values comparison of the example 2 with 7

algorithms
N7 PRI E

A 1.546 038 834 576 7
ESH 1.545 980 5
pso’! 1.546 032
AFS 1.546 032 61
wo'” 1.545 994
NN 1.546 7
FN[ 1.546 04

BI3 SRMEEES [ o dx

P T RH bR B0 D bR RIS 240 45 el B, R I AN fiE
FHAE R —3 AR e A R T ED L B 3 B R
KA MBS 0.746 824, ACHUN = 15,D = 200,
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Fig.5 The integral error change curve of example 3
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Table 5 Integral values comparison of the example 3 with 8 al-

gorithms
(ER7S PRAFRSME
A SCIE 0.746 826 954 460 4
PSO 0.746 866
IWO 0.746 834
AFS 0.7468 273 04
ES 0.746 83
Bk 0.777 82
Ik 0.746 21
Simpson 0.746 83
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TR BRETE R T Romberg J5 VAR T 18 5
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Table 6 Integral values comparison of the example 4 with 8

algorithms
ER7S PRECRR 3 (E
A SCIE 58.470 505 372 351
PSO 58.470 24
IWO 58.470 492
AFS 58.470 444 83
ES 58.470 65
FN 58.470 5
RS 58.520 9
Simpson 58.470 821 5
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Fig.6 The integral error change curve of example 4
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Fig.7 The integral error change curve of example 5
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2014 International Conference on Robotics, Micro-Mechanotronics

and Artificial Intelligence

2014 International Conference on Robotics, Micro-Mechanotronics and Artificial Intelligence (RMAI 2014) will be held
from December 6 to December 7, 2014, in Shenyang, China. RMAI2014 is sponsored by Shenyang Aerospace University and co-
sponsored by Shenyang University, Liaoning Shihua University , University of Management and Economics( Cambodia) . This con-
ference is a premier international forum for scientists and researchers to present the state of the art of Robotics,Micro-Mecha-
notronics and Artificial Intelligence. Topics of interests are in the broad areas of Robotics, Micro-Mechanotronics and Artificial
Intelligence.Robotics: The design, manufacture, navigation,control, sensors, actuators, environmental perception, obstacle a-
voidance technology, formation technology and application of all kinds of robot like industrial robots, health robot ,special robot,
land robots, underground robot, aerial robot (also known as UAV) , USV( Unmanned Surface Vehicle) ,underwater robot, space
robot, parallel robot, nano-robots, etc.

Micro-Mechanotronics ; advanced mechanotronics equipment, sensing and control of mechanotronics, intelligent actuator and ma-
terials, MEMS (Micro electro metro- mechanical system) , NEMS ( Nanoelectromechanical system) , the application of microsys-
tems and mechanotronics in life sciences, Networked electromechanical systems sensor and network, etc.

Artificial Intelligence : troubleshooting, comprehensive health management, health forecast, fault-tolerant control, machine vi-
sion, image processing, biological characteristics and behavior analysis, pattern recognition and its application, neural network ,
SVM (support vector machine ) , fuzzy logic, artificial intelligence algorithm, control and optimization technique, expert system,
decision support system(DSS) , DM(data mining) , etc.

This conference is a premier international forum for scientists and researchers to present the state of the art of Robotics, Micro-
Mechanotronics and Artificial Intelligence. Topics of interests are in the broad areas of Robotics, Micro-Mechanotronics and Arti-
ficial Intelligence.

1) Robotics;

2) Micro-Mechanotronics ;

3) Artificial Intelligence

Contact

E-mail ; tmai2014@ 163.com;liyibo_sau@ 163.com

Website ; http ://rmai2014.sau.edu.cn/



