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ABSTRACT: In order to improve the working state of flexible multi-state switch and 

optimize the control technology of power grid, an optimization model of multi-objective function 

is established and multiswarm particle swarm optimization (MPSO) algorithm is used. The 

results show that the improved MPSO algorithm can avoid the local optimal solution and find 

the global optimal solution, which improves the convergence accuracy of the whole power grid 

system. Moreover, after adding three port flexible multi-state switch to optimize, the value of 

minimum node 18 node of voltage distribution changes from 0.913 before optimization to 0.974, 

which is 0.061 optimized compared with before. The value of network loss changes from 

202.67kW before optimization to 114.81kW after optimization, which reduces about 88kW. The 

results show that with the addition of three port flexible multi-state switch, the situation of 

voltage overrun is optimized, and the network loss in the system is also significantly improved. 

This shows that the voltage level of the whole distribution network can be improved effectively 

after the flexible multi-state switch is optimized, and its economic applicability is improved, and 

the security of the whole power grid system is ensured. 
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1 INTRODUCTION 

With the rapid development of society, the 

influence of energy on people's life is more and 

more important. However, energy is not 

inexhaustible, so new energy emerges as the times 

require and enters people’s vision. Scholars and 

experts have done a lot of research on new energy, 

and its utilization rate is getting higher and higher. 

Because of its flexible operation mode and 

environmental friendliness, distributed generation 

(DG) has developed rapidly (Wang et al., 2017). 

However, due to its large fluctuations, power 

imbalance, and the gradually complex operation of 

regional distribution network, the DG cannot 

guarantee the smooth operation of the system. 

Therefore, the traditional distribution network has 

gradually evolved into an active distribution 

network (ADN) (Diaz et al., 2014) with both 

flexibility and adjustability. The working principle 

of ADN is to manage and control the current with a 

better mobility network topology, which realizes the 

unified control and coordination of DG within a 

certain range. Therefore, DG has a greater active 

function in management and regulation. The more 

complex space-time characteristics of ADN affect 

the management of technology and operation, so the 

research focus of ADN has changed from internal 

principle to operation and control management. The 

most important part of ADN operation is the tie 

switch, because in the traditional distribution 

network, due to the complex operation of the tie 

switch, it is easy to cause power interruption and 

closed-loop problems (Cao et al., 2016). Moreover, 

from the point of view of characteristics, the 

interconnection switch belongs to "hard 

connection", that is, it cannot change operation 

instantaneously when receiving the command. At 

the same time, the life of the switch will be reduced 

by frequent command actions. Therefore, in ADN, 

flexible switch which can be adjusted timely is 

essential. The so-called flexible switch is not equal 

to soft connection, but a kind of "soft connection" in 

the operation of distribution network, that is, when 

receiving the command, it can realize instantaneous 

response, and will not reduce the switch life 

because of too frequent command action. This 

makes the former open-loop design, closed-loop 

operation of the power supply mode abandoned. It 

can not only timely adjust and control the flexible 

switch, but also give full play to the flexibility of 

ADN, which is undoubtedly in line with the power 

exchange law in power distribution, and also keep 

up with the trend of the times. Moreover, its 

flexibility can buffer the impact of power supply in 

the distribution network to a large extent, reduce its 

pressure load, and also can conduct real-time 

tracking and regulation to prevent voltage overrun, 
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thus ensuring the safety performance of the entire 

distribution system (Bloemink et al., 2013). 

Scholars at home and abroad have different 

emphases on the research of flexible switch in 

power grid operation. Foreign scholars Nguyen et 

al. and Romero et al. found that VSC appeared and 

applied to distribution network (Nguyen et al., 

2011; Romero et al., 2011). Then, experts from 

Eindhoven University of technology in the 

Netherlands further explored two new types of 

power electronic equipment: smart power router 

(SPR) and flexible DC links (FDCL), and connected 

them to the distribution network, so as to improve 

the flexibility and regulation of the operation mode 

of the distribution network system, as well as the 

independent performance of the distribution 

network system in the power flow optimization, so 

as to make the operation mode of the distribution 

network evolve from the original horizontal 

development to the current vertical development, 

and realize the operation optimization of the 

distribution network system, so as to ensure the safe 

and stable operation of the whole power system. 

Domestic scholars mainly focus on multi-port 

flexible multi-state switch technology and 

distribution network system operation optimization 

based on flexible switch. Ji et al. constructed a 

digital optimization model of three port flexible 

multi-state switch, taking load balancing as the 

optimization objective of the study, and verified the 

balanced feeder load capacity of flexible multi-state 

switch in various aspects (Ji et al., 2017). Hou et al. 

constructed a digital model of three port flexible 

multi-state switch under double closed-loop 

coordinated control system, analyzed and compared 

the characteristics and optimization effect of 

flexible multi-state switch under PQ and PV modes 

(Hou et al., 2017). 

It can be seen from the above literature that the 

operation and management of distribution network 

system has been greatly improved with the access of 

flexible multi-state switch. The specific 

improvement is mainly manifested in the aspects of 

voltage, network loss and load balance. However, in 

order to make the flexible switch better used in the 

distribution network, the cost and capacity of the 

flexible multi-state switch must be considered, 

especially the three-port flexible multi-state switch 

which is the most studied. In the future, more ports 

will be involved in the research of flexible switch. 

When more flexible multi-state switches are added 

to the distribution network, the cost problem will be 

highlighted, and the technical aspects will 

inevitably be limited, which is an important reason 

why it is not used widely at present. The flexible 

switch cannot completely replace the position of the 

traditional tie switch or section switch. In addition, 

it is not difficult to see that the improvement effect 

of the flexible multi-state switch on the line loss of 

the distribution network system is decreasing, that 

is, with the increase of the number of its access to 

the grid, the improvement effect is reduced. 

Therefore, the adaptive optimal control technology 

of power grid based on flexible switch is studied in 

order to further improve the individual state of 

flexible multi-state switch and improve its 

optimization effect in distribution network system. 

Moreover, the coordination and optimization effect 

of various optimization methods based on flexible 

multi-state switch are considered in, so as to 

achieve the goal of better optimization effect of 

distribution network system without increasing the 

number of flexible multi-state switches. 

2 METHODS 

2.1 Establishment of multi-objective 

optimization model for distribution 

network 

The model method is the main research method, 

that is to construct the multi-objective optimization 

model of distribution network, and then establish 

the model of effect optimization. The establishment 

of the model mainly depends on the constraints and 

the objective function. On the basis of determining 

the two parts, the minimum or maximum value of 

the optimization objective can be obtained. Among 

them, there are three common methods to select the 

objective function 

(1) Economic leading method: to meet the 

requirements of minimum network loss, minimum 

operation cost, minimum power generation input 

and minimum overall investment cost of the whole 

distribution network system; 

(2) Reliability leading method: to meet the 

requirements of minimum voltage offset, minimum 

outage loss and minimum system imbalance; 

(3) Environmental benefit-oriented method: to 

meet the requirements of minimum pollution 

emission and maximum installation capacity of DG. 

However, with the development of distribution 

system, its operation mode and organization 

structure of distribution network become more and 

more complex. Therefore, in the process of optimal 

control, it is necessary to consider the combination 

effect of multiple different objective functions from 

the original single objective function, and then to 

consider the optimal effect of its synthesis. 

For the more changeable distribution network, 

when optimizing its effect target, it should not be 

limited to one objective function. Multiple objective 

functions should be considered comprehensively. 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 3/2020 

20 

However, it is difficult to achieve the optimal effect 

at the same time due to the different characteristics 

of different objective functions and different 

dimensional coefficients of units. Generally, 

comprehensive optimization results can only be 

calculated by equation. The selected different 

objective functions are unified according to their 

laws, and then a comprehensive objective function 

value is synthesized. The specific equation is as 

follows: 

' )min( ' 'ff f f           (1) 

In the equation, α, β and γ represent the weight 

coefficients of different sub targets f1, f2 and f3 

respectively. f1, f2 and f3 represent the objective 

function values after the initial objective functions 

f1, f2 and f3 are synthesized, that is, the 

comprehensive values after converting them from 

the initial values to the interval [0,1], so as to reduce 

the influence caused by different unit dimensions. 

When determining the optimal weight 

coefficient, the judgment matrix method is 

generally used, which unifies several different 

objective functions into a single objective function 

through the measurement points. The judgment 

principle of judgment matrix method is to determine 

the level of different objective functions according 

to the importance of the selection, and then 

determine the situation of the judgment matrix. 

Table 1 is the criteria for determining the judgment 

matrix. 

Table. 1 Formation criterion of judgment matrix 

Standard point Content 

1 Factor A and factor B are equally important. 

3 Factor A is slightly more important than factor B. 

5 Factor A is more important than factor B. 

7 Factor A is much more important than factor B. 

9 Factor A is extremely more important than factor B. 

 

Among them, for standard points 2, 4, 6 and 8, 

the intermediate values of two adjacent standard 

points in Table 1 are selected. The judgment of 

factor A compared with factor B is xab, whereas the 

judgment of factor A compared with factor B is xab 

= 1 / xab. 

2.2 Multi-objective optimization model of 

distribution network system 

The construction of optimization model 

determines the basic problem of distribution 

network operation optimization. After the model is 

established, how to solve it is also a big difficulty. 

The commonly used algorithms are as follows: 

(1) Absolute optimal solution algorithm. 

The absolute optimal solution algorithm is a 

more accurate algorithm, its accuracy is shown in 

the solution is accurate, not just approximate. It 

mainly uses more complex mathematical solutions, 

including dynamic programming, linear 

programming and branch and bound method and 

other advanced operation research and 

mathematical algorithms. However, in the face of 

complex distribution network system optimization 

problems, this step-by-step calculation of the 

mathematical method appears to be inadequate, low 

efficiency, and it is difficult to get the final desired 

exact solution. This method is usually not used to 

solve the problem of distribution network system 

optimization. 

(2) Approximate solution algorithm. 

Approximate solution algorithm does not belong 

to the category of operations research and 

mathematics. It is generally based on the past 

experience or direct judgment algorithm. The 

principle is mainly to explore the optimal solution 

through the past experience, so the result is usually 

not accurate. However, compared with the exact 

solution algorithm, it is simpler and more efficient 

in the process of solving. 

For the complex multi-objective optimization 

model of distribution network, the swarm 

intelligence algorithm in heuristic algorithm is often 

used, and the optimal solution is obtained according 

to its strong learning and adaptive ability. However, 

due to the inherent shortcomings of the traditional 

intelligent algorithm, the reliable optimal solution 

cannot be obtained when solving the complex 

distribution network optimization problem with the 

increasing penetration rate of DG. Therefore, it is 

necessary to improve the traditional swarm 

intelligence algorithm to adapt to the high-

dimensional, nonlinear and non-convex complex 

problems. 
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2.3 Improved multiswarm particle swarm 

optimization (MPSO) algorithm 

Particle swarm optimization (PSO) is one of the 

modern intelligent algorithms based on the group 

action characteristics of birds in foraging. It has 

been widely used in various fields of optimization 

problems. Moreover, because of its powerful 

solving ability, it has become the focus of current 

research. The principle of PSO algorithm is to treat 

the final solution of the optimization problem as a 

bird in a flock, that is, a "particle". According to the 

characteristic that birds will share information when 

they prey, the parameters of particles are updated in 

time to make the solution in the solution space 

change from the original disordered state to the 

ordered state, and then get the optimal solution. 

The position of particles is determined according 

to the parameters similar to that of birds in space: 

velocity and position. Moreover, the fitness value of 

particles also depends on these two parameters. The 

parameters are updated with the iteration, and the 

global optimal values of individuals and populations 

are also changed. Among them, the individual 

optimal value (pbest) is the optimal fitness value 

found by the particles through their own experience 

in the previous iteration, while the global optimal 

value (gbest) is the optimal fitness found by all 

particles in the population in the previous iteration. 

In the E-dimensional search space, the particles in 

the population have a position vector and a velocity 

vector in the w-th iteration. The speed and position 

update equation of standard PSO algorithm is as 

follows: 
   1

1 2( ) ( ),w w w w w w

i i i i i iv wv h rand pbest x h rand pbest x     

1 1w w w

i i ix x v  
                                        (2) 

In the equation, 
w

iv
,  

w

ix
 represents the velocity 

and position of the i-th particle in the w generation, 

h1 and h2 are learning factors, rand () is a random 

number [0,1], and the historical optimal position of 

the i-th particle in the w generation is recorded as  
w

ipbest
. At the same time, the global optimal 

position is recorded as  
w

igbest
. 

The flow chart of standard PSO algorithm is 

shown in Figure 1. Compared with other 

algorithms, PSO algorithm has the advantages of 

simple parameter setting and only needs partial 

adjustment. 
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Figure. 1 Flow chart of standard PSO algorithm 

 

3 RESULTS AND DISCUSSION 

3.1 Test results of PSO algorithm with 

different functions 

Four classical test functions (Sphere, Griewank, 

Rastrigin, Schaffer's f6) are calculated by using the 

standard PSO and the improved dynamic MPSO 

algorithm proposed. The parameters of the 

improved dynamic MPSO algorithm are set as 

learning factor h1f=h2i=2.5, h1f =h2i=0.5. The upper 

and lower limits of inertia weight w are 0.9 and 0.4 

respectively. The learning factor of standard PSO 

algorithm is h1=h2=1 and its inertia weight is Q = 

0.7. The maximum iteration times of the two 

algorithms are 3000, the population size is 40, and 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 3/2020 

22 

each test function is calculated 100 times. The 

dimension and range of function variables are 

shown in Table 2. Finally, the worst value, average 

value and optimal value of the function calculated 

100 times are counted. The results are shown in 

Table 3. 
Table. 2 Parameter setting of test function 

Function name Sphere Griewank Rastrigin Schaffer’s f6 

Calculation results of 

variable dimension 
50 30 20 5 

Calculation results of 

variable range  
[-10,10] [-500,500] [-5,5] [-200,200] 

 
Table 3. Comparison of PSO and improved MPSO optimization performance 

Function name Sphere Griewank Rastrigin Schaffer’s f6 

PSO algorithm 

results 

Worst solution 7.5231 3.7559 28.6525 5.775e-3 

Optimal solution 0.9325 0.7764 5.6643 0 

Average solution 4.1733 1.5321 13.8695 2.643e-3 

Improved MPSO 

results 

Worst solution 5.3249 1.5499 21.5640 0 

Optimal solution 0.8712 0.6850 7.5535 0 

Average solution 2.6732 0.2374 10.7954 0 

 

It can be seen from Table 3 that the parameters 

such as iteration algebra, dimension and population 

number in the table are exactly the same. In this 

same case, the improved MPSO algorithm can get 

better results for both simple single objective 

function and more complex multi-objective 

function. 

According to the results of multiple calculations, 

the worst value, optimal value and average value 

are better than those of standard PSO algorithm. 

For Schaffer's f6 function, in the improved 

MPSO algorithm, the optimal solution can be 

obtained after each calculation, while in PSO 

algorithm, the optimal solution cannot be obtained 

every time after each calculation. 

This is because the PSO algorithm is easy to 

make the results fall into the local optimal solution, 

and the improved MPSO algorithm, due to its 

unique characteristics, can jump out of the local 

optimal solution and easily obtain the global 

optimal solution, thus improving the convergence 

accuracy of the algorithm. 

3.2 Improved voltage results 

It can be seen from Figure 2 that under this static 

time, the voltage of most nodes before improvement 

has exceeded the limit. 

The minimum point of voltage distribution is 

node 18, and the value is 0.913. If the voltage is too 

low, it will make the electrical equipment unable to 

work in normal state, and will increase the network 

loss in the system. However, after adding three-port 

flexible multi-state switch, it can be found that the 

voltage overrun is optimized, as shown in Figure 2. 

At this time, the voltage of each node is within 

the optimal range, and the voltage fluctuation is 

improved. The value of the minimum node 18 of 

voltage distribution becomes 0.974, which is 0.061 

optimized compared with the previous one. Before 

optimization, the network loss of the system is 

202.67kW, and it is 114.81kW after optimization, 

which reduces about 88 kW. It can be seen that the 

internal network loss of the system has also been 

significantly improved. 

Figure 3 shows the comparison of network loss 

before and after optimization. The working 

principle of flexible multi-state switch is to send 

reactive power to each node, and then make the 

voltage value of each node rise obviously. 
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Figure. 2 Comparison of node voltage before and after optimization for static improvement 
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Figure. 3 Comparison of network loss before and after optimization under static nodes 

 

4 CONCLUSION 

The common multi-objective function digital 

optimization model and constraint conditions of 

distribution network system are described, and 

several common solutions to solve the function 

model are proposed. The PSO algorithm is 

introduced and the improved MPSO algorithm is 

proposed. Finally, the improved MPSO algorithm is 

tested by using four function models: Sphere, 

Griewank, Rastrigin and Schaffer's f6. The results 

show that the improved MPSO algorithm can better 

converge the accuracy of particles, discard the local 

optimal value and get the global optimal value. 

Moreover, the three-port flexible multi-state switch 

is introduced. It is found that the voltage overrun 

situation is optimized after the optimal scheduling, 

and the network loss in the system is also 

significantly improved. This shows that the flexible 

multi-state switch optimization can effectively 

improve the voltage level of the whole distribution 

network system, improve its economic applicability, 

and ensure the security of the whole power grid 

system. 
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