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Abstract: The flower pollination algorithm is a new meta-heuristic algorithm that 
simulates the pollination behavior of flowers in nature. Aiming at the problem that the 
basic flower pollination algorithm is easy to fall into the local optimum and the later 
convergence speed is slow, the "adaptive-mutation catfish" flower pollination algorithm 
is proposed, Introduce the adaptive step size in the global pollination stage, introduce 
the mutation strategy and catfish effect in the local pollination stage, and use the classic 
test function to analyze the performance of the improved algorithm. The improved 
flower pollination algorithm is applied to the high breaking and comprehensive 
optimization design of the circuit breaker, the mathematical model of the high breaking 
and comprehensive optimization of the circuit breaker is constructed, and the optimal 
design method of the circuit breaker based on the flower pollination algorithm is given. 
The results show that the circuit breaker optimization design method based on flower 
pollination algorithm is feasible, and the improved flower pollination algorithm is 
effective. 
Keywords: flower pollination algorithm; adaptive step size; catfish effect; mutation 
strategy; circuit breaker optimization design 
 

1.Introduction 

With the rapid development of the power distribution market and the popularization 
of the energy Internet, a broad application prospect is provided for the development of 
the electrical field [1]. As an important control electrical appliance in the power 
distribution system, low-voltage circuit breakers can be based on the rated current. 
Perform normal on and off, when the circuit is seriously overloaded or short-circuited, 
it can protect the circuit [2]. At the same time, the user's power consumption often rises 
sharply, so there should be higher requirements when designing low-voltage circuit 
breakers. At this stage, the design of circuit breakers with small size, high breaking 
capacity and low energy consumption is of great significance to the development of 
smart grid. 

In the high breaking design of the circuit breaker, the breaking capacity of the circuit 
breaker is required to be strong in order to achieve the purpose of rapid breaking. When 
performing high breaking optimization, the electrodynamic repulsion force acting on 
the moving contact can be analyzed, and the moving speed of the arc between the 
moving and static contacts can also be analyzed. The traditional breaking capacity 
analysis method of circuit breaker has certain drawbacks, a large amount of calculation, 
and errors [3]. For this reason, combining the advanced group intelligence optimization 
algorithm to optimize the design of the circuit breaker's high breaking, the method is 
more scientific and reasonable. In the optimal design of the circuit breaker, it is not only 
necessary to achieve high breaking, but also to achieve as low energy consumption and 
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miniaturization as possible under the premise of high breaking. Because in the actual 
design of the circuit breaker, the greater the electric repulsion, the greater the thermal 
energy loss, which may cause the increase of the circuit breaker's volume. For this 
reason, it is imperative to comprehensively optimize the design of the circuit breaker. 

In 2012, Yang X S proposed a new meta-heuristic algorithm—Flower Pollination 
Algorithm (FPA) [4] based on the mechanism of flower pollination behavior. This 
algorithm has simple structure, strong optimization ability, and easy implementation. 
Advantages [5]. It has been applied to many fields such as wireless sensor optimization 
[6], power distribution system [7], aluminum matrix composite material optimization 
[8]. At the same time, many domestic and foreign experts and scholars have also 
improved the algorithm in many ways. Yang Chen et al. [9] proposed an innovative 
cloud mutation-based flower pollination algorithm (CMFPA) in response to the low 
accuracy of the algorithm and the slow convergence speed in the later stage. In the 
global search and optimization stage of the algorithm, multi-dimensional information 
is added, and use the design cloud mutation method to initialize the population. 
Experiments show that the improved algorithm has higher optimization speed and 
solution accuracy. Liang XB et al. [10] introduced Infinite Folding Iterative Chaos 
Mapping (ICMIC) in order to increase the diversity of the population, and introduced a 
comprehensive opposition (CO) learning strategy in order to enhance the algorithm’s 
mining capabilities. The test function simulation proved that the improved algorithm is 
compared It has better performance than other algorithms. 

In summary, an improved flower pollination algorithm that combines adaptive step 
size, directional mutation, and catfish effect can be proposed and applied to the optimal 
design of circuit breakers to improve circuit breaker performance. 

2. Flower Pollination Algorithm 

2.1 Basic Flower Pollination Algorithm 

The flower pollination algorithm [11] can be described by four rules: 
(1) Biological cross-pollination refers to the global pollination process carried out by 
pollinators through Levy flight. It is shown in formula(1): 

                     1
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Among them, xi
t、xi

t+1 represent the solutions of the t-th and t+1-th generations, g* 
represents the global optimal solution in one iteration, θ is the step size influence factor, 
and the fixed value is 0.01,L is the step size, it is shown as formula (2): 
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Where Г(λ) is the standard gamma function. 
(2) Non-biological self-pollination can be regarded as the partial pollination process in 
the algorithm, and the rules are shown in formula (3): 
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Where xj
t and xk

t are from the same plant species, but belong to pollen of different 
flowers, and ε is the reproduction probability and obeys the uniform distribution on 
[0,1]. 
(3) Probability of reproduction refers to the constancy of flowers and is proportional to 



the similarity of the two participating flowers. 
(4) The conversion probability p controls the conversion between global pollination and 
local pollination, and its value is [0,1]. 
2.2 Improved flower pollination algorithm 

(1) Improved flower pollination algorithm with adaptive step size 

In the global pollination stage of the FPA algorithm, pollinators use the Levi 
distribution mechanism during the flight. In Levy's flight, a jumpy step is generated, so 
that when the flower uses the formula to update the position, it can leave the local 
extremum as soon as possible and enter the global search. However, during the Levy 
flight, the value of the step influence factor is fixed, and there is no adaptiveness in the 
iterative process, which leads to a small random step size, which reduces the search 
speed of the algorithm; and when the random step size is too large, it is very It is easy 
to miss the opportunity to search for the global optimal value. Therefore, in the 
improvement of the global pollination process of the flower pollination algorithm, an 
adaptive step size is introduced [12], which affects the step length in Levy's flight, 
which can improve the convergence speed and achieve a higher solution accuracy. The 
step size scaling function is shown in formula (4): 
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Where q is the scaling factor, N-iter is the maximum number of iterations, and t is 
the current number of iterations. 
Therefore, the improved global pollination formula is shown in (5): 
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                (5) 
(2) Improved flower pollination algorithm with directional mutation strategy and 
catfish effect 

Differential Evolution Algorithm [13] is proposed by Storn and Price, which mainly 
evolved based on group differences. The algorithm mainly obtains the optimal solution 
through mutation, crossover and selection mechanisms. Based on the differential 
evolution algorithm, the directional mutation strategy is relatively simple to operate. In 
the local pollination process of the flower pollination algorithm, the introduction of 
mutation strategy can better coordinate the relationship between randomness and 
determinism. Therefore, the directional mutation strategy is integrated into the local 
pollination mechanism. The formula is shown in (6): 
                         1 *( )t t t t
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                          (6) 
Among them, ε is a random number [-1,1], and F is a scaling variation factor. 
The introduction of directional mutation strategy can effectively improve the search 

efficiency and convergence rate of the algorithm in local search, but it does not solve 
the problem that the algorithm is easy to fall into the local optimal solution. Therefore, 
the introduction of catfish effect can avoid the algorithm falling into the local optimal 
solution. 

Catfish effect [14] is a mechanism that stimulates small fish's desire to survive. 
Catfish individual: The current flower fitness value is compared to the last or the 

individual's historical best fitness value, if the same, is defined as a catfish individual. 
Sardine individual: except for the pollen labeled as "individual catfish", all the others 

are labeled as "individual sardine". At this time, the individual sardine is driven by the 



individual catfish and will stay away from the nearest individual catfish. Therefore, the 
distance between the individual sardine and the individual catfish is defined as formula 
(7) : 
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Where ix  is the location of the individual, mA  is the catfish individual closest to 
individual ix , and min(|xi-Aj|2) is the square of the catfish individual closest to many 
catfish individuals, so jA  and mA  are always consistent. 

By introducing directional mutation strategy and catfish effect, the local pollination 
process updating formula of flower pollination algorithm is shown in (8). 
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In conclusion, this paper introduced adaptive step solution algorithm is global 
pollination process problems of slow convergence speed, the introduction of a 
directional mutation strategy and local pollination catfish effect solves the algorithm in 
the process of slow convergence speed and easy to fall into local optimal solution of 
the problem, will improve pollinate flowers algorithm named adaptive variation catfish 
- pollinate flowers (AMC-FPA) algorithm. 
2.3 Experimental design 

In order to verify the performance of the improved AMC-FPA algorithm, the 
algorithm is compared with the basic FPA algorithm, Bat Algorithm (BA) and Adaptive 
Particle Swarm Optimization (APSO). 

Four classic test functions [15] are used for analysis. The classic test functions are 
shown in Table 1 below. 

Table 1 Typical test functions 

Test function expression Optimization interval 
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Four classical test functions are used to analyze the performance of the algorithm. 
The optimal value of the test function is 0, the flower population size N is set to 40, the 
conversion probability P is set to 0.8, the maximum number of iterations in the whole 
process is set to 300, and the dimension is set to 30. The simulation comparison diagram 
is shown in Figure 2 to Figure 5. 



 
Figure 1 The Sphere function optimizes the iteration graph 

As can be seen from Figure 1, compared with the other three algorithms, AMC-FPA 
algorithm has the highest solving accuracy, reaching 2.734e-27, while BA algorithm 
has the worst solving accuracy, only 0.001432. 

 
Figure 2 The Schwefel2.22 function optimizes the iteration graph 

As can be seen from Figure 2, in the Schwefel2.22 function optimization iteration, 
AMC-FPA algorithm has the highest solving accuracy, and its effect is better than APSO 
algorithm, BA algorithm and FPA algorithm. 
 

 

 



 
Figure 3 The Rosenbrock function optimizes the iteration graph 

As can be seen from Figure 3, BA algorithm has a fast convergence speed, but poor 
solving accuracy. AMC-FPA algorithm has the highest solving accuracy, reaching 
8.924e-29, and has the best effect. 

 
Figure 4 The Ackley function optimizes the iteration graph 

As can be seen from Figure 4, AMC-FPA algorithm has the best solving accuracy, 
which is much higher than APSO algorithm, BA algorithm and FPA algorithm. The 
fitness value of the function is 3.73e-15. 

3. Circuit breaker optimization design 

3.1 Circuit breaker high breaking design 

In order to solve the problem of poor breaking capacity of traditional circuit breakers, 
we can start with the electric repulsion in the arc generation stage and the arc movement 
speed in the arc movement stage, analyze the influencing factors, and construct the high 
breaking optimization model of the circuit breaker. 
(1) Electric repulsion 

The electric repulsion force includes Holm force and Lorentz force. The calculation 



is as follows: 
1) Holm force 

Holm force only exists in the contact process of the moving and static contacts. When 
the moving and static contacts are 

When pressed, the contact surface will deform, so that metallic contact is always 
realized between the scattered conductive spots. The contact spots have square, round, 
oval and other shapes. Among them, the circular conductive spots are the simplest and 
are recognized by the public. Therefore, the Holm force is calculated according to the 
circular conductive spot [16]. 

Suppose that there is only one conductive spot on the inner surface of the contact, or 
all the conductive spots are concentrated in the center to form a very large conductive 
spot. To simplify the analysis, suppose that the conductive spot is a superconducting 
sphere, not a plane, and the superconducting sphere is an allele. Under hypothetical 
conditions, the equipotential surface becomes a series of spherical surfaces concentric 
with the superconducting sphere, and the current line passes through the center of the 
sphere and assumes a radial shape. Suppose B is the cross-sectional radius of the contact 
system, r is the radius of the contact point, that is, the radius of the conductive spot, 
then the Holm force formula is shown in (9): 
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                                  (9) 

Among them, μ0 is the vacuum permeability, with a value of -74 10  , and i is the 
current flowing through the contact. 

Contact pressure, contact material and other factors should be considered when 
determining the contact radius r. The formula is shown in (10) : 

/r P H                              (10) 

Where P is the contact pressure, ξ is the contact surface contact coefficient, ranging 
from 0.3 to 1, and H is the Brinell hardness of the contact material. 
After finishing, the specific Holmforce formula is shown in (11) : 
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2) Lorentz force 

Lorentz force is also known as loop force. When the current flows through the 
dynamic and static contact, the current direction between the dynamic conductive rod 
and the static conductive rod is opposite and the interaction force is generated, so 
Lorentz force is generated. Parallel conductors can be used as the contact conductive 
rod [17]. 

The contact structure of the circuit breaker is very complex. When solving Lorentz 
force, the current density value must be obtained according to the current size, and the 
current is regarded as the excitation factor to analyze the three-dimensional magnetic 
field to obtain the magnetic field density, and finally the Lorentz force. 
The calculation method of Lorentz force is shown in Figure 5. 
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Figure 5  Calculation method of Lorentz force 

In Figure 5, P is the contact pressure, FI is the force density, Di is the force arm, l is 
the distance from the center of the moving contact to the center of the rotating shaft, FL 
is the Lorentz force, and its expression is shown in formula (12): 

= /
L

F M l                            (12) 

The calculation formula of moment M is shown in (13): 

 =
v i i

M d Fdv  (13) 

The calculation formula of force density FI is shown in (14): 

i i i
F J B                           (14) 

For the calculation of current density and magnetic flux density, the constant field 
equation can be used, and the current density satisfies formulas (15) and (16). 
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Where is the conductivity of the conductor and t is the vector potential. 

The boundary conditions are shown in formula (17): 

 T dl I Ñ  (17) 

Where I is the current flowing through the conductor. 

According to the relationship between current density and magnetic flux density, 
magnetic flux density B can be obtained: 
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Where μ is the conductor permeability and A is the vector magnetic potential. 

In order to simplify the analysis, the Lorentz force can be calculated by the 
electrodynamic formula between two finite parallel conductors. Suppose the current 
flowing through the conductor is i, the conductor length L, the diameter d, and the 
distance c between the conductors. The schematic diagram of finite length parallel 



conductors is shown in Figure 6. 
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Figure 6  Schematic diagram of finite parallel conductor 

Then the magnetic field strength of dx formula at is shown in (20): 
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The power on force of dx is shown in formula (21): 
 dF iBdx  (21) 

Then the whole length of the lower conductor is subjected to electric force, as shown 
in formula (22): 
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Therefore, the expression of Lorentz force FL is shown in formula (23): 

 7 22 10
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Through formula (11) and formula (23), the expression of electric repulsion force 
can be obtained as follows: 
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(2) Analysis of arc velocity 

1) Arc motion process 

It is assumed that the arc is formed by a cylindrical current element link, and the 
motion of the arc is determined by the motion and interaction of the current element. 
At this time, the running speed of the arc is affected by electrodynamic force, air 
resistance and gravity, in which gravity can be ignored [21]. There is energy balance in 
the process of current element movement, and the process of energy balance can 
determine the distribution of current element and surrounding air temperature, and 
finally determine the physical properties such as conductivity of current element. 

2) Arc velocity 

The single current element is regarded as a straight rod conductor with a mass of 0. 
According to the shock wave theory of G.Meunier, when the current element moves at 
the speed of V, a wave array surface will be generated in front of it. According to the 
conservation law in gas dynamics and the gas state equation, the velocity v formula can 
be obtained, as shown in (25): 
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Where C0 is the sound velocity in the air, and the value is 331.2m/s; y is the shock 
intensity. 

Since the mass is 0, the current element is only affected by Lorentz force FL and air 
resistance Fz. The two forces are equal in magnitude and opposite in direction. The 
expression of air resistance is shown in Formula (26) : 

 02( -1)
Z

F y P rL  (26) 

Where P0 is the standard atmospheric pressure 0.1013Mpa; r is the radius of current 
element; L is the current element length. 

Combining formulas (25) and (26), the velocity of current element, that is, the 
expression of arc motion velocity, can be obtained, as shown in formula (27): 
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According to the electric repulsion formula (24) and arc motion speed formula (27), 
the high breaking mathematical model of the circuit breaker is constructed and 
normalized, as shown in formula (28): 
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Where 1  and 2  are the internal coefficient of the circuit breaker, which can be 

obtained by grid method. 
The flower pollination algorithm is used to analyze the high breaking model of circuit 

breaker. The experimental parameters are set as follows: the value range of current I is 
2000-3000a, the value range of contact radius B is 3 ~ 6mm, the value of contact 
pressure P is 2n and 4N, and the value of conductor length L is 4 ~ 8cm; The distance 
C between conductors is 1 ~ 3cm; The value range of contact coefficient on contact 
surface is 0.3 ~ 1, and the value range of current element radius R is 1 ~ 3mm. 

Experiment 1: when the contact pressure is 2n, the simulation experiment is carried 
out through MATLAB software. The comparison algorithms include APSO algorithm, 
Ba algorithm, FPA algorithm and AMC-FPA algorithm. The maximum number of 
iterations is set to 50 times, and the experiment is repeated for 10 times to obtain the 
average value. The available simulation results are shown in Figure 7. 



 

Figure 7 The iteration curve of breaking capacity fitness function 

(Contact pressure 2N) 

According to Figure 7, when the contact pressure is 2n, the function fitness value of 
AMC-FPA algorithm is the best, reaching 0.2789, while the adaptation value obtained 
by FPA algorithm is the worst, which is 0.2978. 

Experiment 2: when the contact pressure is 4N, the simulation experiment is carried 
out through MATLAB software. The comparison algorithms include APSO algorithm, 
Ba algorithm, FPA algorithm and AMC-FPA algorithm. The maximum number of 
iterations is set to 50 times, and the experiment is repeated for 10 times to obtain the 
average value. The available simulation results are shown in Figure 8. 

 
Figure 8 The iteration curve of breaking capacity fitness function 

(Contact pressure 4N) 

It can be seen from Figure 8 that AMC-FPA algorithm has the best effect when 
applied to the high breaking model of circuit breaker. 

The fitness values and running time of the four comparison algorithms are shown in 
Table 2. 

 

 



 

 
Table 2 The optimization results of breaking capacity 

Contact pressure Algorithm Fitness value Time 

2N 

APSO 0.2903 0.0809 

BA 0.2907 0.0936 

FPA 0.2978 1.3166 

AMC-FPA 0.2789 0.0705 

4N 

APSO 0.2916 0.1024 

BA 0.292 0.1028 

FPA 0.2939 1.3681 

AMC-FPA 0.2802 0.0995 

3.2 Comprehensive optimization design of circuit breaker 

Comprehensive optimization of circuit breakers should be carried out on the basis of 
considering the high breaking capacity of circuit breakers, that is, to ensure low energy 
consumption and minimum mass volume [22-23]. Therefore, a comprehensive 
optimization model of circuit breakers is built, as shown in Formula (28). 

1
2 7 2

2 7 2 -1 7 -30 0
1 2

0 0

2 2 -332
2 1 2 1

1 2

2

2 21
3

1
= +

42 10
( ) 2 10 *10 5 10 49 *10

4 2 2

1
     cos + + *10 +

1

    
4

k p i n

n i n
k i

i

F
C iH L i

i In B i
P c cP r cP r

kk
I t k RS

R R

R

d


  


   

  


 

 


 



 
 
 
 

                  
 
 
 
 
  

 


（ ）

4
22

2
( 2) + 540 1.5

4

d
m D D d

D

 
 

  
 

（ ）

           （28） 

Variables include all influencing factors of high breaking, low energy consumption 
and miniaturization. High breaking factors include current i, contact radius B, contact 
pressure P, conductor length L, distance between conductors c, contact surface contact 
coefficient   and current element radius r. Low energy consumption factors: contact 
number n, conductor surface area S, phase offset Angle cosine value cos  , single 
contact resistance value R; Factors of miniaturization: spring diameter d, number of 
effective turns m, spring diameter D. 

The flower pollination algorithm is used to analyze the comprehensive optimization 
model of circuit breaker. 
(1) Parameter setting in Experiment 1: 

1) high breaking: current i ranges from 2000 to 3000A, contact radius B ranges from 
3 to 6mm, and conductor length L ranges from 4 to 6cm. The distance c between 

conductors ranges from 1 cm to 3cm. The contact surface contact coefficient   ranges 

from 0.3 to 1, the current element radius r ranges from 1 to 2mm, and the contact 



pressure P is set to 2N. 
2) Low energy consumption: the number of contacts n ranges from 10 to 15, the 

conductor surface area S ranges from 4 to 8mm3, the cosine of phase offset Angle cos  

ranges from 0.3 to 0.6, and the resistance value of a single contact R ranges from 6 to 
13. Set the rated current to 2000A. 

3) Miniaturization parameters: the spring diameter d ranges from 0.6 to 3mm, the 
effective winding number m ranges from 5 to 13, and the spring diameter D ranges from 
10 to 25mm. 
(2) Parameter setting in Experiment 2: 

1) high breaking: current i ranges from 2000 to 3000A, contact radius B ranges from 
3 to 6mm, and conductor length L ranges from 4 to 7cm. The distance c between 
conductors ranges from 1 to 3cm. The contact surface contact coefficient   ranges 
from 0.3 to 1, the current element radius r ranges from 1 to 2mm, and the contact 
pressure P is set to 4N. 

2) Low energy consumption: the number of contacts n ranges from 10 to 20, the 
conductor surface area S ranges from 4 to 9mm3, the cosine of phase offset Angle cos  
ranges from 0.3 to 0.6, and the resistance value of a single contact R ranges from 6 to 
15. Set the rated current to 2000A. 

3) Miniaturization parameters: the spring diameter d ranges from 0.6 to 3mm, the 
effective winding number m ranges from 5 to 12, and the spring diameter D ranges from 
10 to 20mm. 

The set parameters were tested by Matlab software, and the AMC-FPA algorithm, 
APSO algorithm, BA algorithm and FPA algorithm were applied to the comprehensive 
optimization design. The simulation results are shown in Figure 9-10. 

 

Figure 9 The iteration curve of fitness function of comprehensive optimization (experiment 1) 



 

Figure 10 The iteration curve of fitness function of comprehensive optimization (experiment 2) 

It can be seen from Figure 9 and 10 that AMC-FPA algorithm has the best effect in 
the comprehensive optimization design of circuit breaker. 
In order to more clearly compare the fitness value and running time in the two 
experiments, it can be expressed in the form of a table. The comprehensive optimization 
results of the circuit breaker are shown in Table 3. 

Table 3 The comprehensive optimization results of circuit breakers 

algorithm 

experiment one experiment two 

Fitness 

value 
runtime Fitness value runtime 

APSO 0.638 0.1178 0.638 0.1183 

BA 0.6636 1.1140 0.6674 1.4352 

FPA 0.6636 1.1004 0.6636 1.4279 

AMC-FPA 0.613 0.1131 0.6004 0.1111 

As can be seen from Table 3, when AMC-FPA algorithm is used to comprehensively 
optimize the circuit breaker, a better effect can be obtained, with the optimal function 
fitness value and the shortest running time. BA algorithm has the worst effect and 
cannot reach the optimal. Basic FPA algorithm has a general effect in comprehensive 
optimization, which is slightly worse than APSO algorithm. 

4. conclusion 

This paper uses an improved flower pollination algorithm to optimize the design of 
the circuit breaker's miniaturization, and draws the following conclusions:  

(1) The improved flower pollination algorithm has better performance. The 
introduction of adaptive step size solves the problem of slow convergence of the 
algorithm's global pollination process. The introduction of directional mutation strategy 
and catfish effect solves the problem of slow convergence and easy to fall into the local 
pollination process of the algorithm. The problem of optimal solution. The proposed 



AMC-FPA algorithm is better than other algorithms. 
(2) Using the improved AMC-FPA algorithm to optimize the high breaking of the 

circuit breaker, construct a mathematical model of the high breaking of the circuit 
breaker, and give the optimal design method for the high breaking of the circuit breaker 
based on the FPA algorithm, and according to the factors that affect the high breaking 
of the circuit breaker For different values, two experiments were carried out and 
compared with APSO algorithm, BA algorithm and basic FPA algorithm. The 
experimental results show that the high-breaking optimization design method of the 
circuit breaker based on the flower pollination algorithm is feasible, and the AMC-FPA 
algorithm has the best effect.  

(3) The improved AMC-FPA algorithm is used to optimize the comprehensive 
optimization model of circuit breaker. Based on the high fracture model, combined with 
the influence factors of low energy consumption and miniaturization model of circuit 
breaker, the comprehensive optimization model of circuit breaker is built, and the 
circuit breaker comprehensive optimization design method based on FPA algorithm is 
given, and verified by two experiments. And compared with APSO algorithm, BA 
algorithm and basic FPA algorithm. The experimental results show that the integrated 
optimization design method of circuit breaker based on flower pollination algorithm is 
feasible, and the AMC-FPA algorithm has the best effect. 
In addition to AMC-FPA algorithm, other swarm intelligence optimization algorithms 
can also be extended to other engineering simulation optimization, so as to better 
optimize the design of engineering problems. 
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