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STABILITY OPTIMIZATION OF POWER ELECTRONIC 

EQUIPMENT BASED ON IMPROVED INERTIAL WEIGHT 

PARTICLE SWARM OPTIMIZATION 

Hui YIN1 

Power electronic devices have gradually become the core components of 

modern energy systems. However, due to their nonlinear dynamic characteristics and 

high-frequency switching characteristics, stability issues have seriously affected the 

operational safety of the system. Therefore, a stability optimization method for power 

electronic equipment based on Improved Inertial Weight Particle Swarm 

Optimization (IIW-PSO) is proposed. This method utilizes the IIW-PSO to optimize 

controller parameters, thereby reducing dependence on accurate mathematical 

models, and combines active damping compensation to adjust damping strength in 

real time. The voltage tracking error was the lowest at 1.25%, and the Total Harmonic 

Distortion (THD) was the lowest at 3.3%. In the practical application of stability 

testing for power electronic equipment, the voltage surge of the improved power 

electronic equipment system was only 2.9%, the highest steady-state error was only 

2.1, and the maximum dynamic disturbance of the output voltage was 20V. The 

stability method based on the IIW-PSO has excellent anti-interference performance, 

can meet the high-performance and high reliability requirements, and further promote 

the development of power electronic equipment towards intelligence and high 

adaptability. 

Keywords: Improved inertial weight particle swarm optimization; Power 

electronic equipment; Controller parameters; Active damping 

compensation; Stability 

1. Introduction 

With the transformation of global energy structure and the development of 

smart grids, power electronic devices have become the core components of modern 

energy systems, playing an important role in electric vehicles and renewable energy 

regeneration. The operation of these systems relies on power electronic converters 

[1]. However, the nonlinear dynamic characteristics of power electronic equipment, 

high-frequency switching operations, and parameter coupling problems under 

complex operating conditions have made the system vulnerable to stability issues 

such as voltage fluctuations, harmonic distortion, and transient currents [2]. 

Therefore, how to improve the dynamic stability and anti-interference ability of 
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power electronic equipment has become a key focus for both academia and industry. 

In current research methods, Genetic Algorithm (GA) simulates the biological 

evolution to achieve global search, but their crossover and mutation operations have 

high computational costs and slow convergence speed. Although the Grey Wolf 

Optimization (GWO) has high optimization efficiency, it's likely to get stuck in 

local optima in high-dimensional parameter spaces [3]. The inertia weight Particle 

Swarm Optimization (PSO) has efficient controller parameter optimization 

capability and does not rely on precise mathematical models, which can balance the 

convergence speed and global optimality. Meanwhile, introducing active damping 

compensation can improve the dynamic adaptability of the control strategy to real-

time disturbances [4-5]. Therefore, an improved PSO based on inertia weight and 

active damping compensation is built, and stability optimization of power electronic 

equipment is carried out based on the PSO. This study innovatively integrates the 

inertia weight PSO algorithm with active damping compensation, breaking through 

the efficiency and accuracy bottlenecks of traditional optimization methods. 

The research is mainly conducted in four parts. The first part discusses the 

relevant research results of current electronic power equipment technology and 

particle swarm optimization algorithm. The second part is the design of a stability 

optimization method for power electronic equipment based on improved inertia 

weight particle swarm optimization. The third part analyzed the effectiveness of the 

research methods. The fourth part is a summary and discussion of the entire text. 

2. Related work 

Electronic power equipment has been widely used in various power systems 

and has received increasing research from scholars both domestically and 

internationally. Ma K et al. proposed a contour simulation technique for testing 

motor drive systems to address the difficulty of motors and drive converters to 

complex working conditions. The coupling degree of the drive converter was 

verified by testing the dynamometer and controller hardware. The results indicated 

that this method was applicable to task contour simulation [6]. Lyu H et al. proposed 

a fault current limiter to address the weak fault current tolerance in the distribution 

system of fully controlled power electronic devices. The suppression effect of 

various types of current limiters on fault current was summarized. The results 

indicated that this study provided a research foundation for adaptive fault current 

limiters [7]. Sun P et al. proposed a hybrid system consisting of multiple converters 

to address the unstable signals in power electronic devices such as renewable energy 

grid connected systems. The system consisted of a Virtual Synchronous Generator 

(VSG) system formed by the power grid and a Doubly Fed Induction Generator 

(DFIG). The system confirmed the correctness of interaction analysis [8]. Rivera S 

et al. proposed a charging infrastructure ecosystem to address the slow deployment. 
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This system covered charging technologies and structural configurations for 

different categories of electric vehicles. The results indicated that the system had a 

profound impact on the power grid [9]. Meng X et al. built a back-stepping control 

strategy relying on deep reinforcement learning to deal with the threat to the power 

supply stability of Dual Active Bridge (DAB) converters in power equipment. The 

compensation method based on deep reinforcement learning was taken to improve 

the operational efficiency. This method verified the effectiveness of the controller 

[10]. 

PSO algorithm is commonly used for optimizing optimal control parameters 

and has been explored. Pirozmand P. et al. proposed the PSO for task scheduling 

problems in cloud computing environments. During the process, multiple adaptive 

learning strategies were used to define ordinary particles and local optimal particles. 

The results indicated that this method could solve problems in a shorter time and 

obtain the best answer [11]. Otair M. et al. proposed a PSO algorithm combined 

with GWO to address the algorithm lacking recognition system attack attempts. 

This technology preserved individual best position information through PSO 

algorithm, preventing the GWO from getting stuck in local optima. The results 

indicated that the technology achieved necessary improvements in the grey wolf 

algorithm [12]. Zhang W et al. built a hierarchical PSO for the localization of 

unmanned aerial vehicles. This method introduced the reference optimal particle 

and search space reduction method and redesigned the particle update scheme. The 

results indicated that this method reduced both complexity and positioning error 

[13]. Tian J et al. designed a PSO relying on a variable proxy model to extend the 

multi-agent assisted evaluation algorithm. During the process, a variable model 

management strategy was adopted to accelerate the convergence speed. This 

technology provided efficiency in computing high-dimensional problems [14]. Lei 

Z et al. built a genetic learning-PSO based on chaotic local search for local optima 

in wind farm layout optimization. The parameters and search patterns of chaotic 

local search were analyzed. The results indicated that it performed excellently in 

terms of stability and robustness [15]. 

In summary, existing research has enabled various power electronic devices 

to be widely used, but there are still issues such as relying on accurate mathematical 

models and controller stability. The Improved Inertia Weight Particle Swarm 

Optimization (IIW-PSO) can optimize the controller parameters and overcome the 

shortcomings of traditional methods, such as high dependence on practical 

experience and low efficiency. Therefore, the stability optimization method for 

power electronic equipment based on IIW-PSO can optimize the efficiency of 

parameter tuning. It is expected to provide a more universal and efficient method in 

research. 

 

 



366                                                                      Hui Yin 

3. Methods and materials 

2.1. Design of controller parameter optimization method based on IIW-

PSO 

The penetration rate of electronic power equipment in various power 

systems has significantly increased. The stability of controllers for power electronic 

equipment generally needs to tune and optimize controller parameters. However, 

traditional algorithms have insufficient robustness and low computational 

efficiency. The study adopts an IIW-PSO, which dynamically adjusts the inertia 

weight to reduce dependence on accurate mathematical models and effectively 

improve parameter optimization efficiency. A mathematical model for the input 

stage rectifier circuit is constructed, using a traditional three-phase voltage type 

Pulse Width Modulation (PWM) rectifier. For ease of analysis, a switch function is 

defined on the Direct-Current (DC) side energy storage capacitor of the rectifier. Its 

operating characteristics are calculated, as shown in equation (1) [16]. 
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In equation (1), where symbol 1C  represents the capacitance value of the DC 

side energy storage capacitor. Where symbol 1dcu  represents the voltage across the 

capacitor. Where symbol ki  represents the three-phase current on the Alternating 

Current (AC) side. Where symbol kS  represents the three-phase switching function. 

Where symbol −in DABi   represents the current input to the DAB converter. Where 

symbol dci  represents the total current on the DC side. To design electronic power 

equipment control systems, Park transform decoupling state variables are 

introduced. The coordinate transformation is shown in equation (2). 
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In equation (2), where symbol dX  and 
qX  represents the components of the 

d   and q   axes in a rotating coordinate system. Where symbol X    and X 
 

represents two orthogonal components in a stationary coordinate system. Where 

symbol 
→dqT  represents the transformation matrix from the   coordinate system 

to the dq . After converting the coordinates, the three-phase PWM rectifier model 

is obtained, and the model expression is shown in equation (3) [17]. 
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In equation (3), where symbol L  represents the AC side inductance. Where 

symbol di   represents the current component of the d  -axis. Where symbol de  

represents the d -axis component of the grid voltage. Where symbol R  represents 

the equivalent resistance on the AC side. Where symbol dcu  represents the capacitor 

voltage on the DC side, and symbol C  represents the energy storage capacitor on 

this side. Where symbol dS   represents the switch function of the d  -axis. Where 

symbol LR   represents the load resistance. Afterwards, in response to the 

dependence of controller parameters in electronic devices on engineering 

experience and the long optimization time, the IIW-PSO is used to optimize 

controller parameters. Fig. 1 displays the PSO. 

 
Fig. 1 PSO demonstration 

 

In Fig. 1, the PSO originates from the bird hunting behavior. By initializing 

the velocity and position of the particle swarm, the fitness value is calculated. After 

obtaining the individual optimal solution and the global optimal solution, the 

velocity and position are updated. Finally, the iterative optimization reaches the 

termination condition and ends. The algorithm first assumes a population of N 

particles in a Z-dimensional space, and the position of the i -th particle is displayed 

in equation (4). 

( )1 2, , , , 1,2, ,= =i i i izP p p p i N                                 (4) 

In equation (4), where symbol iP  represents the position vector of the i -th 

particle. Where symbol z  represents the quantity of dimensions in space. Where 

symbol N  represents the total particles. To optimize the rapid tuning of controller 

parameters, the PSO calculates the optimal combination of controller parameters. 

The standard update of the PSO is dispalyed in equation (5). 
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In equation (5), where symbol t

idv  represents the velocity component of i  in 

the d -th dimension, where symbol   represents the inertia weight, and symbol 1c  
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and 2c  represents the learning factors. Where symbol 1r  and 2r  represents random 

numbers evenly distributed within [0,1]. Where symbol t

idP   represents the 

individual historical optimal position of i  in the d -th dimension. Where symbol 
t

idG  represents the global historical optimal position of the group. Where symbol t

idx  

represents the current position of i  . To avoid the algorithm only deriving local 

optima, a linear decreasing inertia weight strategy is taken, as shown in equation (6) 

[18]. 
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In equation (6), where symbol ( )t  represents the inertia weight at the t -th 

iteration, where symbol max  represents its initial maximum value, and symbol min  

represents its minimum terminal value. Where symbol maxT   represents the initial 

maximum iteration. To enhance the optimization ability of PSO for controller 

parameters, an improved nonlinear inertia weight attenuation strategy is constructed, 

as shown in equation (7). 
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In equation (7), where symbol ( )t  represents the inertia weight at the t -th 

iteration. Where symbol t  represents the current iteration count. Where symbol N  

represents the total iterations. The inertia weight transformation curve is displayed 

in Fig. 2. 
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Fig. 2 Inertial weight transformation curve 

 

In Fig. 2, the nonlinear variation curve of traditional inertia weight declines 
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from 0.9 to 0.4 when the iteration reaches 100. The improved non-linear curve of 

inertia weight gradually decreases to 0.4 after 40 iterations and then jumps out of 

the local optimal region design and drops back to 0.4 after 100 iterations, thereby 

reducing the risk of falling into local optima. Afterwards, the fluctuation of the 

system output is reduced. The Integral of Time Absolute Error (ITAE) serves as the 

fitness function for inertia weight particles. The fitness function of the i-th particle 

is presented in equation (8). 

( )
0



= fitness e t tdt                                         (8) 

In equation (8), where symbol fitness  represents the fitness value. Where 

symbol ( )e t   represents the error function. Where symbol t   represents a time 

variable. The process of optimizing controller parameters based on IIW-PSO 

algorithm is shown in Fig. 3. 
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In Fig. 3, the particle velocity and iteration times are initialized and updated, 

and the controller parameters are input into the objective function model of the 

control system to obtain the ITAE index. Whether the global optimal fitness value 

converges or has the maximum teration is judged. If not reached, the optimal 

particle is replaced with the particle with the minimum fitness. Afterwards, the 

particle velocity and position are iteratively updated again, and the controller 

parameters are optimized. 

2.2 Design of control strategy optimization method based on active 

damping compensation 

After completing the parameter optimization of power electronic equipment 

controller based on IIW-PSO, to improve the stability of the equipment, the IIW-

PSO is combined with various converters to optimize the control strategy, and 

active damping compensation is introduced to optimize the robustness and dynamic 

adaptability. To address the complex control in Dual active bridge (DAB) controller, 

an IIW-PSO algorithm is added to optimize the phase shift control strategy. The 
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isolated DAB converter generally has six working waveform diagrams during 

power forward transmission, as shown in Fig. 4. 
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Fig. 4 Typical working waveform of DAB converter 

 

In Fig. 4, the DAB converter has six switching modes within one switching 

cycle. By controlling the phase difference between the primary and secondary 

bridge arms, and adjusting the transmission power magnitude and direction, six 

modes alternate in cycles to achieve efficient energy transfer and soft switching 

characteristics. The voltage for the leakage inductance 1L  at both ends of mode 1 is 

shown in equation (9). 

1 1 2= + L
dc dc

di
L u u n

dt
                                                   (9) 

In equation (9), where symbol 1L  represents the equivalent inductance of the 

converter. Where symbol Li   represents the inductor current. Where symbol 1dcu  

represents the input side DC voltage. Where symbol 2dcu  represents the output side 

DC voltage. Where symbol n   represents the transformation ratio of the high-

frequency transformer. The voltage and current of the six modes and the main 

circuit topology diagram is shown in equation (10). 



Stability optimization of power electronic equipment based on Improved Inertial Weight-PSO  371 

2

2 DAB

1

1 1 2

− −


= −


 = −


dc

out in INV

L

dc dc

dU
C i i

dt

di
L U U n

dt


                                    (10) 

In equation (10), where symbol 2C  represents the output side DC capacitor. 

Where symbol 1dcU
 
represents the input side capacitor voltage, where symbol 2dcU  

represents the output side capacitor voltage. Where symbol DAB−outi  represents the 

output current of the converter. Where symbol −in INVi  represents the input current of 

the inverter. After averaging the output current, equation (11) is obtained. 
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In equation (11), where symbol DAB−inI   represents the input current of the 

converter, and symbol −out DABP   represents its output power. Where symbol D  

represents the phase shift ratio of phase shift control. Where symbol sf  represents 

the switching frequency. Afterwards, the inverter link is optimized. In response to 

the PWM rectifiers lacking current feedback and slow dynamic response, a dual 

loop control strategy combining voltage outer loop and current inner loop is built. 

The dual loop control structure diagram of the rectifier link is shown in Fig. 5. 
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Fig. 5 Dual loop control structure diagram of rectifier link 

 

In Fig. 5, a current inner loop is constructed, and the actual values of active 

and reactive currents are obtained through coordinate transformation. The current 

error is calculated and the tracking control is achieved. The voltage outer loop is 

constructed. The measured value of the DC bus voltage is input, the voltage error 
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is calculated, and the reference value of the current inner loop is generated through 

a proportional integral regulator to ensure the stability. By combining the voltage 

reference signal and the grid phase synchronization signal, a PWM drive signal is 

generated. Finally, a simplified rectifier dual loop control structure is obtained. The 

controller expression of the voltage current control is presented in equation (12). 

( )

( )

= − − 


= + 

i pi ii

v pV iV

G s K K s

G s K K s
                                     (12) 

In equation (12), where symbol ( )iG s   represents the controller transfer 

function of the current loop, where symbol 
piK  represents its proportional gain, and 

symbol iiK  represents its integral gain. Where symbol ( )vG s  represents the transfer 

function of the voltage loop controller. Where symbol 
pVK   represents the 

proportional gain of the voltage loop, and symbol iVK  represents its integral gain. 

Afterwards, the output stage inverter circuit is constructed, as presented in equation 

(13) [19]. 

( )0 0− = − −Q dQ Q K e e                                     (13) 

In equation (13), where symbol Q   represents the actual reactive power. 

Where symbol 0Q   represents the reference reactive power. Where symbol 
QK  

represents for adjusting the gain. Where symbol de   represents the dynamically 

adjusted target voltage. Where symbol 0e   represents the reference voltage. The 

active power-frequency control strategy is shown in equation (14). 
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In equation (14), where symbol 0  represents the rated angular frequency. 

Where symbol   represents the actual system angular frequency. Where symbol 

0P  represents the reference value for active power. Where symbol eP
 
represents the 

actual output active power. Where symbol JT  represents the inertia time constant. 

Where symbol D  represents the damping coefficient. Where symbol 
pK  represents 

the proportional adjustment gain. Where symbol s   represents the Laplacian 

operator. The active damping compensation link is shown in equation (15)[20]. 
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In equation (15), where symbol ( )rG s  represents the transfer function of the 

active damping compensator. Where symbol rK  represents the compensation gain. 

Where symbol rD  represents the damping coefficient. Where symbol c  represents 

the design frequency of the compensator. Where symbol 0  represents the natural 

frequency. The inverter control strategy based on active damping compensation is 

shown in Fig. 6. 
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Fig. 6 Optimization process of power electronic equipment 

 

In Fig. 6, after initializing the particle swarm, the ITAE index is calculated 

and the historical and global optimal positions of each particle are recorded. The 

nonlinear inertia weight formula updates the improved inertia weight and makes 

termination condition judgments. After reaching the conditions, the optimized 

parameters are output and applied to the control strategy of power electronic 

equipment. Afterwards, active damping compensation is introduced to verify the 

stability and output the optimized control strategy. If the conditions are not met, the 

particle velocity and position are updated, and the fitness value is calculated again. 

3 Results  

3.1 Performance testing of power electronic equipment 

To assess the performance of power electronic devices based on IIW-PSO, 

this study compares the IIW-PSO, GA, and Grey Wolf Optimizer (GWO) 

algorithms. Simulink is used as the power electronics simulation software to build 

the equipment model, and load simulation equipment is used as the experimental 

platform. The parameter settings of each component of the electronic equipment 

system are presented in Table 1. 
      

    Table 1  
The preset parameters of each component in the device 

Parameter settings Numerical value Unit 

AC side filtering inductor in 

rectification process 
8 mH 

AC side parasitic resistance in 

the rectification process 
0.2 Ω 

Rated voltage of DC bus 800 V 
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DAB high-frequency 

transformer leakage 

inductance 

25 μH 

DAB switching frequency 20 kHz 

Inverter filtering capacitor 0.05 F 

Inverter efficiency 98.5 % 

Overcurrent protection 

threshold 
120 A 

 

Based on the above system component parameter settings, this study 

measures the algorithm convergence performance and power quality of the 

equipment through indicators such as voltage tracking error, power loss, and Total 

Harmonic Distortion (THDR) for three methods. Firstly, the voltage tracking error 

and power loss are compared as shown in Fig. 7. 
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Fig. 7 Comparison of voltage tracking error and power loss 

 

As shown in Fig. 7, the convergence trend of the algorithm was consistent 

among different methods during the iterative optimization process. As shown in Fig. 

7 (a), the IIW-PSO algorithm experienced a sharp decline in the first 20 iterations, 

with the voltage tracking error rate dropping to 1.25%. The change showed a rapid 

decline, gradually slowing down in the latter, until the error rate was only 0.4% at 

the end of the iteration. The overall error values were lower than those of the GA 

and GWO algorithm. According to Fig. 7 (b), in the first 20 iterations, the 

convergence speed of IIW-PSO was faster than GA and GWO algorithm, and the 

power loss decreased to 75W when the number of iterations reached 100. GWO 

algorithm had a faster descent speed than GA in the first 20 iterations, but the 

descent speed slowed down and was lower than GA afterwards. Overall, the IIW-

PSO has better convergence performance and higher computational efficiency. 

Afterwards, to test the power quality, three methods are compared using the THDR 
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as an indicator, as shown in Fig. 8. 
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Fig. 8 Comparison of total harmonic distortion 

 

Fig. 8 (a) displays the THD test results for different types of disturbances, 

and Fig. 8 (b) displays the real-time THD test results for different switching periods. 

According to Fig. 8 (a), the IIW-PSO algorithm had a THD of 5.7% under nonlinear 

loads, which was much lower than the 6.8% of GA and the 8.4% of GWO. When 

the disturbance type was frequency fluctuation, the maximum THD of GWO was 

5.1%, while the THD of IIW-PSO was only 3.3%. Its overall THD was below that 

of GWO algorithm and GA. In Fig. 8 (b), the real-time THD of the IIW-PSO was 

linearly related to the size of the switching period. As the switching period increased, 

the real-time THD of the IIW-PSO also increased, reaching 5.8% at a switching 

period of 100 μs. The real-time THD of GA was also linearly related to the 

switching period, but the overall distortion rate was higher than that of IIW-PSO. 

The real-time THD of GWO algorithm was higher than that of GA and IIW-PSO 

algorithm, reaching a maximum of 12.1%. Overall, the IIW-PSO algorithm has 

lower THD than the GA and GWO algorithm under different types of disturbances 

and switching periods, indicating that the research method has higher power quality 

and anti-interference performance. 

3.2 Simulation testing of power electronic equipment 

To further verify the stability performance of power electronic devices based 

on IIW-PSO in practical applications, the study uses the benchmark model of the 

International Conference on Power Grids as the source of stability testing data. 

Approximately 8GB of simulation data packages released in 2020 are used as test 

data. To test the voltage stability under various external interferences, the output 

voltage of power electronic devices is used as an indicator to record the voltage 

waveform output to the device grid side, as shown in Fig. 9. 
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Fig. 9 Comparison of total harmonic distortion rate 

 

Fig. 9 (a) shows the grid side output voltage waveform of power electronic 

devices based on IIW-PSO, while Fig. 9 (b) shows the grid side output voltage 

waveform of traditional power electronic devices. During the input voltage process, 

at 0.06s, the voltage of the DAB converter was increased to 110% of its original 

value. According to Fig. 9 (a), at 0.062s, there was no significant distortion in the 

output voltage, and the voltage value reached 307.6V. At 0.08s, the voltage reached 

316.5V, with a sudden change of 8.9V, which was 2.9% of the steady-state voltage 

(311V). According to Fig. 9 (b), at 0.063s, the output voltage of traditional 

equipment showed significant distortion. The sampled voltage value at this point 

was 336.2V, and it reached steady-state after 0.02s. At 0.08s after reaching steady-

state, the voltage reached 312.9V. The voltage surge reached 7.5% of the steady-

state value (311V). The results indicate that power electronic devices based on IIW-

PSO have stronger anti-interference ability against input voltage. Further research 

is conducted to test the robustness of improved power electronic equipment. The 

steady-state error and steady-state voltage error are compared, as shown in Fig. 10. 



Stability optimization of power electronic equipment based on Improved Inertial Weight-PSO  377 

60 100

4.0

S
te

ad
y-

st
at

e 
vo

lt
ag

e 
er

ro
r 

(%
)

Load variation amplitude (%)

(b) Comparison of steady-state voltage 

errors

40 12080

3.5

3.0

2.5

2.0

1.5

1.0

0.5

IIW-PSO GA GWO

200

0.5

0

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

Load variation level (%)

S
te

ad
y
-s

ta
te

 e
rr

or
 (

%
)

20

(a) Steady-state error comparison

50 80 100 120

IIW-PSO

GA

GWO

 
Fig. 10 Comparison of steady-state error and steady-state voltage error percentage 

 

Fig. 10 (a) displays the steady-state error test results, and Fig. 10 (b) shows 

the steady-state voltage error test results. In Fig. 10 (a), the steady-state error of the 

IIW-PSO algorithm was linearly related to the load variation. As the load level 

increased, the steady-state error also increased. When the load level reached 120%, 

the error reached 2.1%. The steady-state error of GA was slightly lower than that of 

IIW-PSO algorithm at a load level of 20%, only 0.7%. Its steady-state error grew 

faster than the IIW-PSO algorithm, ultimately reaching 3.4%. From Fig. 10 (b), the 

steady-state voltage error of the IIW-PSO was also linearly related to the load 

variation amplitude. When the load variation amplitude was 20%-40%, the steady-

state voltage error reached 1.0%. When the load variation amplitude was between 

100% and 120%, the steady-state voltage error was only 1.9%. The overall steady-

state voltage error of this method was lower than that of GA and GWO. Yhe 

research method has higher robustness. The anti-interference performance of 

improved power electronic equipment is tested, taking output voltage and input 

voltage as indicators, as shown in Fig. 11. 
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Fig. 11 Comparison of steady-state error and steady-state voltage error percentage 

 

Fig. 11 (a) displays the output voltage test results, and Fig. 11 (b) displays 

the output current test results. In Fig. 11 (a), when interference was applied to the 
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voltage at 50ms, the voltage of the IIW-PSO algorithm dropped to 391V, reached 

407V at 74ms, and stabilized at 400V at 100ms. The GA decreased to 364V at 68ms, 

reached a maximum voltage of 419V after 17ms, and finally stabilized at 400V. As 

shown in Fig. 11 (b), when interference was applied to the output current at 50ms, 

the IIW-PSO algorithm reached a peak current of 12.1A after 16ms and stabilized 

at 10A at 83ms. The GWO algorithm reached the peak current earlier than the IIW-

PSO, but the peak current reached 13.8A and stabilized at 10A at 92ms. In summary, 

the voltage and current changes of the IIW-PSO are below those of the GA and 

GWO, proving that the research method has higher dynamic anti-interference 

performance and can enhance the stability of power electronic equipment. 

4. Conclusion 

Aiming at the problem that the controller parameters based on traditional 

stability optimization methods for power electronic equipment rely too much on 

engineering experience and have a long optimization time, an innovative stability 

optimization method based on IIW-PSO was built. This method optimized the 

controller parameters by improving the inertia weight PSO and introduced active 

damping compensation to adjust the damping strength in real time. The control 

strategies of each converter in the equipment are optimized. The power loss of the 

research method was 75W after 100 iterations, and the highest real-time THD was 

only 5.8%, indicating that the improved equipment had higher convergence ability 

and power quality. In practical application, its voltage surge was 2.9%, much lower 

than the 7.5% of traditional equipment. The maximum steady-state voltage error 

was only 1.9%, and the peak current reached 12.1A at 66ms, verifying that this 

method had higher robustness and voltage anti-interference ability. Overall, the 

stability optimization method for power electronic equipment based on IIW-PSO 

has excellent controller parameter optimization capabilities and can effectively 

improve the stability of control strategies for various converters. Its performance 

can meet the stability requirements of power electronic equipment. Although the 

IIW-PSO has shown advantages in optimizing the stability of power electronic 

equipment, it has only optimized the controller parameters under low dimensional 

conditions. Its ability to optimize controller parameters under high-dimensional 

conditions still needs to be explored. In the future, improvements will be made in 

more fields, continuously improving the universality of the research method and 

the efficiency of parameter optimization. 
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