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Abstract: With the gradual increase in the scale of the power grid, the marketization of the 

power industry, and the rationalization of resource allocation, how to improve the power 

system has become an urgent issue for the power sector. The power system is of great 

significance to improve voltage quality, improve power grid safety factor, reduce system 

active power loss, and improve economic benefits. The purpose of this paper is to study the 

power system with algorithm. In the experiment, using the reactive power optimization 

objective function, the program of the power system is optimized, and they are respectively 

applied to the standard IEEE-30 node model for optimization calculation, and the results 

are analyzed. 

1. Introduction 

my country has entered the improvement stage of the "14th Five-Year Plan", and society, 

economy and life will also enter a period of high-quality improvement. As a pillar industry, the 

power industry not only has to have extremely high reliability of power supply, but also needs to 

control the balance of power quality, economic benefits, and energy conservation and efficiency [1]. 

The problem is to dynamically adjust the voltage, change the voltage ratio of the primary and 

secondary sides of the adjustable transformer, and increase or decrease equipment according to the 

system grid load and power flow distribution. With limiting, improve the voltage quality, so that the 

power grid can supply power to users in a safe, stable and economical manner.  

With the improvement of economy, the application of system is becoming more and more 

extensive. Ullmann M proposed an automatic clustering method to improve the interactions of 

student. They had different levels of knowledge and interest, and three different roles were chosen 
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among group members. Case studies were conducted on them. Discourses were analysed using two 

coding schemes to measure student critical thinking evident in online discussions and to examine 

sociological aspects of group interaction. The results of the study showed that the unskilled group 

created by this method achieved better scores in most of the categories analyzed compared to the 

random group [2]. Ramakrishnan D promoted a comprehensive method for finding the best method 

in power distribution systems using a unified particle optimization algorithm. Generally speaking, 

grid economics are mainly determined by conductor losses. Therefore, the small loss of active 

network power is the mitigation problem, and the optimal particle swarm coordination algorithm is 

used to reduce the network power loss by introducing optimal distributed power resources. The 

system energy loss is treated as a cost function for each particle in the swarm. The simulation 

analysis of the distribution system is completed by using MATLAB. Through the solution and 

particle swarm optimization algorithm, the system loss is minimized [3].Reducing the active power, 

improving the power supply, economical of the system have become problems that need to be 

improved urgently. 

In this paper, particle swarm optimization,the problem of it and the relative power system are 

studied. In the experiment, the reactive power optimization objective function is used to verify the 

effectiveness. And applied to the standard IEEE-30 node model to optimize the calculation and 

analyze the results. 

2. Research on Reactive Power Optimization of Power System Based on Distributed 

Cooperative Particle Swarm Optimization Algorithm 

2.1. Distributed Collaborative Particle Swarm Optimization Algorithm 

Particle swarm optimization, also known as particle swarm optimization algorithm [4-5]. It is a 

kind of swarm intelligence algorithm. Its main idea is to randomly initialize some particles, which 

carry information that can interact with each other, and then gradually find the target position of the 

population through iterative update, and judge the pros and cons of these particles. Through fitness, 

it is mainly updated gradually through the motion trajectory without more complicated operations, 

and it follows the example particles in the current population to gradually optimize to find the 

global optimal solution. It is simple to implement, has fast convergence speed, and is used in many 

optimization fields. The idea is to realize the information exchange between particles and guide the 

next decision-making of particles through "swarm intelligence" in the academic field. Although the 

distributed it has been successfully applied in it, the distributed cooperative particle swarm 

optimization algorithm is affected by the premature phenomenon in these applications, which limits 

the algorithm to a certain extent. application and promotion. 

2.2. Power System Reactive Power Optimization Problem 

As the scale and structure of the current power system become larger and more complex, the 

transmission voltage in the system is also gradually increasing, which also leads to an increase in 

the rate of change of the reactive power of the system. The constraints on power and voltage are 

becoming more and more demanding and difficult [6-7]. 

In the actual power network, the electrical power delivered from the power plant to the electrical 

equipment consists of two parts: one is active power and the other is reactive power [8-9]. Reactive 

power only exchanges energy between electric field and magnetic field in the circuit, and it does not 

do external work by itself. As long as it is a load with an electromagnetic coil, a magnetic field 
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needs to be established, because only when a magnetic field load is established can it work properly, 

then the load will definitely consume reactive power. In other words, it reflects the power of 

electrical equipment or the value of electrical energy converted into other forms of energy per unit 

time, also known as average power. 

2.3. Particle Swarm Optimization Algorithm and Mathematical Model of Reactive Power 

Optimization 

Only when the voltage is stable and in a normal state can the system be maintained. Otherwise, 

the stability and safety of the system may be affected [10-11]. For the problem of efficiency, it is a 

relatively new and fast-developing artificial intelligence algorithm. Combined with the advantages 

of the algorithm, it was applied although the improvement time is relatively short. For the basic 

distributed the algorithm, this paper proposes a new algorithm by improving it, and applies the 

algorithm to the power system for simulation, and is applied to the standard IEEE-30 node Finally, 

the simulation results are analyzed [12-13]. 

According to the actual needs and different focuses, the objective function of reactive power 

optimization is also the same, mainly including the following [14-15]: 

1. From an economic point, the minimum active power loss is the most commonly used and the 

most classic objective function model. Considering the economic cost, the objective function can 

also be taken to minimize the total cost of injection [16]. 

2. From the safety point of the entire power, the voltage deviation of each node is taken as the 

objective function [17]. 

3. Considering both economy and safety, the objective function is discussed from multiple 

objectives such as ensuring voltage stability, reducing network loss and maintaining voltage level 

stability at the same time [18]. 

3. Investigation and Research of Power System Based on Distributed Cooperative Particle 

Swarm Optimization Algorithm 

3.1. Research Content 

For the distributed collaborative improved particle swarm optimization algorithm proposed in 

this paper, it is applied to the reactive power optimization objective function is adopted. They are 

respectively applied to the standard IEEE-30 node model for optimization calculation, and the 

results are analyzed. 

3.2. Reactive Power Optimization Objective Function 

(1) Taking the minimum system active network loss as the optimization objective function: 

 
 

 ijji

2

j

2

i

ni

ij

ij

nj,i

jiij cosUU1UUGminppminminf
1

 




       (1) 

In the formula, 
1

n  represents all branches, iU
, jU represents the node voltage, ij  represents the 

phase angle difference, and jip  represents the conductance of the line. 

(2)The objective function is to minimize the sum: 
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(3)Taking the minimum total fuel cost (total consumption) of the system thermal power unit as 

the objective function: 
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4. Analysis and Research on Reactive Power Optimization of Power System 

4.1. IEEE-30 Node Test System Data and Example Analysis 

To verify the effectiveness of the improved algorithm, it uses a standard IEEE 30 node example 

to test the algorithm, analyzes and compares the test simulation results, and comprehensively 

evaluates the performance of the improved algorithm. In the system node and branch data, the 

statistics of variable constraints are shown in Table 1 and Figure 1, and Table 2 and Figure 2: 

(1) Constraint range of control variables 

Table 1. Constraint range of control variables Unit:pu 

Controlled variable Condenser capacity Transformer voltage ratio T Generator node voltage 

Superior limit 0.08 1.3 1.2 

Lower limit 0.05 1.0 1.0 

 

 

Figure 1. Comparison of data of control variables 

(2) Constrained range of state variables 
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Table 2. State variable constraint range Unit:pu 

State 

variable 
1 2 3 4 5 

Superior 

limit 
0.624 0.691 0.741 0.524 0.325 

Lower limit -0.365 -0.251 -0.425 0.271 -0.098 

 

 

Figure 2. Comparison diagram of capacity change data 

4.2. Simulation Results Analysis of IEEE-30 Node Test System 

After the algorithm, the analysis of the IEEE30 node optimization results is shown in Table 3 and 

Figure 3: 
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Table 3. Analysis of IEEE30 node optimization results 

Variable 
Initial state tidal 

current standard 

Quasiparticle group 

algorithm 

Improved post-particle 

swarm algorithm 

Network loss value 

(MW) 
9.02 8.6 8.5 

Reduce network 

loss (MW) 
0 0.83 0.91 

Network loss 

reduction rate 
0 10.0% 11.2% 

 

 

Figure 3. Algorithm optimization results data comparison diagram 

The data shows that the initial network loss value of the IEEE30 node system is 9.02MW, and 

the voltage level of each node is low, and the node voltage does not meet the voltage constraints. 

Aiming at this problem, the strategy of reactive power optimization should be adopted to increase 

the voltage level of the system node, improve the operating state of the network system, and enable 

it to operate economically and reliably. The algorithm has faster iteration speed and better 

convergence, and it is easier to find the global optimum solution. 

5. Conclusion 

In recent years, due to the influence of the power market reform and the consideration of the 

power grid for the objective environment, technological improvement and its own economic 
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benefits, to use resources and meet the power grid's economic requirements, this also reduces the 

power grid. The flexibility of the system makes it more and more difficult to adjust the system. 

Once some special circumstances occur, the power grid becomes more fragile. Because the problem 

of power system has the characteristics of multi-variable, multi-constraint, nonlinear, etc., the 

limitation of traditional optimization algorithms cannot solve such problems well, leaving room for 

people to explore and study to solve this problem. With the progress and improvement of artificial 

intelligence algorithms, it provides a good solution to such problems. 
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