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Abstract 

Static Synchronous Compensator (STATCOM) is a self-tuning proportional-integral (PI) controller that has been 

developed to handle the voltage and reactive power of Cascaded H-Bridges (CHB-STATCOM) in order to improve 

the power system. The purpose of optimizing controller parameters for a Multilevel Converter-based STATCOM 

(Static Synchronous Compensator) in the context of reactive power compensation is to enhance the performance 

and efficiency of the STATCOM system in regulating the power factor and voltage of an electrical system. This 

controller was introduced in this article. This research presented that the STATCOM should have the capability to  

operate both in inductive and capacitive mode of operation and absorb or injects the desired amount of reactive 

power into the grid. The reactionary power that is received or supplied contributes to the improvement of the 

power system. The benefits of the self-tuning PI controller have been optimized to their full potential through the 

use of Accelerated Particle Swarm Optimization (APSO) strategies. The STATCOM is implemented into the 

electrical system, and its reaction to varying reactive and voltage levels is analyzed as part of the process of 

determining whether or not the optimization techniques are successful. Two controllers are now in operation at 

the STATCOM. The first controller is in charge of managing the DC voltage, and the second controller is in charge 

of controlling the reactive power. Both controllers are in use at the same time. The output of the controller is then 

transferred to the phase change carrier, which is followed by pulse width modulation in a sinusoidal pattern. 

Because of this, the power converter switch may now function properly. 

Keywords: APSO, Reactive power compensation, STATCOM, PI control, Phase shift pulse width 

modulation, APSO 

1. Introduction 

Brought on by non-linear loads have a deleterious effect on both power quality and grid dependability 

over time. Because total system power is determined by adding together the system's active and reactive 
powers, an increase in reactive power is inextricably related to a similar increase in total power. In [1, 

2], several strategies for increasing the grid's response power are described. Because of how successfully 

they control the overall system's reactive power, shunt Flexible AC Transmission System (FACTS) 

devices are widely used. A coordinated power source consisting completely of solid-state components 

is used to power STATCOM and other FACTS systems. Connected in series with the power supply, it 

is an excellent replacement for the cumbersome reactive components of conventional static VAR 

compensators (SVC). It also beats SVC in terms of the dependability of the nation's electrical grid. [3]. 

STATCOM's primary role is to control voltage at the point of common coupling (PCC) during a power 

system changeover. The STATCOM obtains these reactive currents from the power infrastructure in a 

controlled fashion. Intricate design challenges for these layered STATCOM [4] stem from the need for 

a large number of instruments to track DC voltage and uneven voltage across the DC-link capacitor [5] 

A conventional two-loop management system was proposed. The PCC voltage is controlled by the outer 
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loop, and the inverter current is controlled by the interior loop with a steady-state inaccuracy of zero. 

Capacitor banks were among the first components of electrical apparatus to be installed in an effort to 

regulate power supply. However, with the help of modern technology, system managers have access to 

more flexible and effective tools that can manage huge quantities of power. Flexible AC transmission 

systems are a specific type of these tools. (FACTS). These devices are carefully installed on selected 

electric buses, and they are used to quickly alter various system settings in order to boost system 

efficiency, control power flow, and enhance system reliability [6]. They are large-scale regulators that 

modify system-wide parameters like reactive power, voltage, and phase angle. [1]. 

Numerous researches have determined PI benefits through trial and error to reach an optimal working 

point, power system under STATCOM control exhibits significantly non-linear behavior. Linear 

controllers are simple to implement but difficult to fine-tune in this architecture. Transient performance 

requirements must be addressed by fine tweaking of controller settings. In this research, we use the non-

linear and non-gradient Simplex algorithm to optimize the control system parameters of a STATCOM 

built from two converters based on six-pulse voltage sources. The performance index serves as the basis 

for the objective function of the system, which is written in terms of the actual and ideal values of the 

system's variables. Several simulation tests examining step-response performance have validated the 

optimized performance of the STATCOM control system, which consists of two PI controllers and two 

compensators. With the right settings in place, the system responds quickly and precisely [2–7]. This is 

not a good option in practice due to the radical changes in system features brought about by the inclusion 

of STATCOM devices or the improvement of the transmission architecture. [8]. 

In the realm of heuristics for parameter optimization, accelerated particle swarm optimization (APSO) 

[9] is a well-known method. It has been used to modify controller gains [10-11]. It is possible for the 

gains of an APSO-based PI scheduler to auto-tune in response to variations in the system and demand. 

This will result in a significantly more adaptable PI system. The consensus time of APSO is low (A 

Moreover, it outperforms SVC in terms of power system reliability [3]) because it does not necessitate 

offline training like an artificial neural network. During a transition in the electricity system, 

STATCOM's main function is to regulate the voltage at the point of common coupling (PCC). The most 

important development challenges for these layered STATCOM [7] involve extracting controlled 

reactive currents from the electrical infrastructure. are the many instruments used to track DC voltage 

and imbalanced voltage at the DC link capacitor. It also ignores the reasoning principles of the 

approximate control, which points to PSO's superior performance [12] -[25]. 

Optimizing the controller parameters for a Multilevel Converter-Based Static Synchronous 

Compensator for reactive power compensation can be a challenging task, and there are several potential 

problems and issues that may arise during the optimization process, Multilevel converters are inherently 

complex due to the multiple voltage levels they can generate. Optimizing the controller parameters for 

such converters requires a deep understanding of their operation and the interaction between different 

voltage levels. There may be trade-offs between different control objectives, such as voltage regulation, 

harmonic mitigation, and response time. Finding the right balance among these objectives can be 

challenging. Power systems are subject to variability due to changes in load, generation, and network 

conditions. The optimized parameters that work well under one set of conditions may not perform 

optimally under different conditions. The accuracy of the system model used for optimization is crucial. 

Inaccurate models can lead to suboptimal parameter values or instability in the real system. Over-

optimization, where parameters are tuned too precisely for specific operating conditions, can lead to 

instability or poor performance when conditions deviate from the optimized scenario. Changes to 

controller parameters can impact the safety and reliability of the power system. Safety measures and 

risk assessments must be considered during the optimization process. 

A Multilevel Converter-Based STATCOM presents various technical and practical challenges. It 

requires a combination of expertise in control theory, power systems, and optimization techniques, along 

with careful consideration of system complexity and constraints. Successful optimization should aim to 

strike a balance between different control objectives while accounting for the dynamic and variable 

nature of power systems. 
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In this investigation, we use Accelerated Particle Swarm Optimization to design a self-tuning PI 

controller for CHB-STATCOM [13]. (APSO). By tweaking the original PSO algorithm, we get 

accelerated PSO. The primary goal of this research is to develop a robust CHB-STATCOM scheduler 

that can effectively account for disturbances within a few cycle time windows of their occurrence. 

2. STATCOM 

To sum up, STATCOM is an apparatus that counteracts the reactive power of an electrical grid. It may 

behave as both a generator and a sink of reactive energy. To complement the tiny synchronous condenser 

compensator (STATCOM) that controls the PCC's power factor (PF), the proposed inverter does double 

duty by transforming DC power from the DC link into AC power for the mains supply and syphoning 

off enough reactive power from the grid to increase the PCC's PF [14]. The major power line and the 

primary power line servicing the PCC are both illustrated in Figure1 as part of the basic STATCOM 

arrangement. Transformer, capacitor, coupling reactor, and regulated power supply make up the voltage 

source converter (VSC) in the centre of a STATCOM. 

In addition to its more common name, "voltage source converter," or "VSC," can also refer to a device 

that converts direct current (DC) to alternating current (AC). It can produce asymmetrical AC power 

with user-defined phase and angle of rotation. A VSC can be charged while the DC battery stores energy. 

By using coupling reactance to link the sources to the system and regulate the current, the converter 

output can be joined to the power system. The coupling transformer regulates the input voltage of the 

STATCOM converter and the output voltage of the PCC. 

 
Figure 1: The grid connection of STATCOM 

 

System software A STATCOM can be used either in VAR mode or with voltage control turned on. The 

STATCOM aids the PCC in keeping the voltage stable during dynamic disruptions, allowing the PCC 

to provide superior transient properties. By switching into this state, a STATCOM will either: 

• When the system voltage is high, the STATCOM will absorb reactive power. 

• When the system voltage is low, the STATCOM will generate and inject reactive power. 

The STATCOM reactive power production is either held steady or adjusted based on VAR mode 

monitoring of the reactive power and comparison to a standard number. 
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Multi-level simulation of a single-phase cascaded H-bridge converter. Multilayer cascaded H-bridge 

inverters have a basic layout shown in Figure2. This N-level converter offers the possibility of 2N+1 

different values for the phase voltage at the output. Because of the power requirements of each H-bridge, 

the previously noted voltage discrepancy problem may be avoided. However, to prevent voltage 

fluctuations of the DC-bus capacitor, it is necessary to adjust the active power provided to each bridge. 

[4]. There are a number of methods outlined in [5] for dampening DC-link voltage variations. 

Many applications also take reactive power into account, which is where the cascaded H-bridge 

architecture shines. Since high-power electrical switches have their limits, we have to settle with a low-

frequency modulation strategy. [6]- [8]. When compared to a regular power supply, a multilayer 

converter offers several advantages. Since the output pattern has fewer spurious harmonics, cheaper, 

smaller output filters may be employed. Since there are more voltage steps between the highest and 

lowest values in the staircase pattern, the voltage burden on semiconductor components is lessened. 

Switching losses may be minimized in multi-level inverters due to their lower switching frequency [1]. 

Multiple converters often use SPWM as the primary management technique. By contrasting a triangle 

waveform with a sine wave, PSPWM generates control signals for converter switches. 

 

Figure 2: Model of power-stage CHB multilevel converter 

3. Overview Of Accelerated Particle Swarm Optimization (APSO) 

The optimization method known as particle swarm optimization [14–18] is inspired by natural swarms 

like those of fish and birds. The PSO algorithm gets the best answer by first producing a random sample 

of candidates, or particles, and then offering incentives to the candidates still in the running, or particles. 

Particles may be created via either collaborative or adversarial interactions. The equation allows for a 

point in D-dimensional space to represent any given particle I.  𝑋𝑖 = (𝑥𝑖1, 𝑥𝑖2, . . . , 𝑥𝑖𝐷). 

The optimal answers in the full collection fall into two distinct categories: 𝑃𝑏𝑒𝑠𝑡, or cognitive learning, 

is the particle's best response across rounds and is defined as 𝑃𝑏𝑒𝑠𝑡 = (𝑝𝑖1, 𝑝𝑖2, . . . , 𝑝𝑖𝐷), while Gbest, 

or the swarm's best solution, is defined as the solution with the highest fitness. (Called social learning). 

Every repetition k brings the particle located at x(k) one step closer to the 𝑃𝑏𝑒𝑠𝑡 and 𝐺𝑏𝑒𝑠𝑡, and this 
motion is indicated by its velocity (written v(k)). The speed is determined by combining the knowledge 

of both individual particles and the collective swarm, and can be written in D-dimensional space as 𝑉𝑖 =
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. (𝑣𝑖1, 𝑣𝑖2, . . . , 𝑣𝑖𝐷). Each particle then uses the following calculation to make an approximation of its 

motion for the next cycle: 

𝑣𝑖(𝑘 + 1) = 𝑤𝑖.𝑣𝑖(𝑘) + 𝑐1 . 𝑟𝑎𝑛𝑑. (𝑃𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘)) + 𝑐2. 𝑟𝑎𝑛𝑑. (𝐺𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘))                              (1) 

With the help of the gravitational constant (w), the cognitive constant (c1), and the societal constant 

(c2), the rand () algorithm generates a random integer between 0 and 1. The rate of convergence is 

affected by all these factors. Clerc's optimal numbers were c1=1.494, c2=1.494, and w=0.729 [22-25]. 

PSO's cost function must be adjusted to reflect the intended system behavior under these conditions. 

The PSO keeps running its procedures for the given amount of time to find the best answer. The next 

iteration's particle position is calculated using the following algorithm. 'k+1': 

𝑋𝑖(𝑘 + 1) = 𝑣𝑖(𝑘 + 1) + 𝑋𝑖(𝑘)                                                                                        (2) 

After making some educated guesses, we can figure out what size community to use to initiate PSO. In 

spite of the fact that the optimum population is context-dependent, the PSO developers have stated that 

starting with a population of 20-100 particles typically yields the same outcomes [16], [26]. The Quick 

Optimization of Particle Swarms (APSO) While standard PSO takes into account both global and local 

best particle sites when determining particle motion for the next cycle, accelerated PSO only takes into 

account global best particle locations [17]. In PSO, utilizing local best serves to increase the size of the 

search area; in APSO, sampling is used to achieve the same effect. Unless the problem is very complex, 

this quantity causes the strategy to "accelerate" towards optimality [26]. The simplified new algorithm 

is as follows: 

𝑣𝑖(𝑘 + 1) = 𝑤𝑖.𝑣𝑖(𝑘) + 𝑐1. 𝑟𝑎𝑛𝑑 + 𝑐2 . 𝑟𝑎𝑛𝑑. (𝐺𝑏𝑒𝑠𝑡 − 𝑥𝑖(𝑘))                                                                      (3) 

4. Implementation Strategy  

4.1 Design Objectives 

The STATCOM employed in this study has two major purposes: 

• To give reactive power to the system when it is operating in capacitive mode and  

• To remove reactive power while it is running in inductive mode. 
 

4.2 System Design 

STATCOM used in this study consists of nine-level with four similar CHB connected in series, each 

with its own power supply. (DC Capacitor). Each H-bridge can produce a positive, neutral, or negative 

voltage at its output. When these energies are added together, a sine pulse is produced. The phase 

magnitude of an AC output is represented as follows [18-22]: 

𝑉𝑐𝑎 = 𝑉𝑐𝑎1 + 𝑉𝑐𝑎2 + 𝑉𝑐𝑎3 + … . . . +𝑉𝑐𝑎𝑀                                                        (4)                                            

M denotes the number of inverters per phase. The flexible design of a cascading multilevel inverter 

(CMI) makes adding more similar H-bridge inverters to the circuit a straightforward way to boost output. 

Energy from the connection inductance is corrected and supplied through the H-bridge to the DC 

capacitors attached to the other side of the bridge. Capacitance can be calculated as follows: 

      𝐶 =
𝑖𝑐

𝑓𝑟𝑝∗∆𝑉𝐷𝐶
                                                                                         (5) 

 𝑓𝑟𝑝 : frequency of ripples 

𝑖𝑐 : 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑟𝑚𝑠  𝑐𝑢𝑟𝑟𝑒𝑛𝑡   
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𝑖𝑐 =
𝑄

𝑉𝑝𝑐𝑐
                                                                                           (6) 

Q : the maximum  reactive power can be generate or absorb by  STATCOM . As a reactive power 

coupling between the PCC and the STATCOM, the inductor's capacitance is affected by the current 

harmonics and the CMI. To calculate inductance, use the following formula: 

𝐿𝑓𝑚𝑎𝑥 =
𝑣𝑃𝐶𝐶

2∗𝜋∗𝑓∗𝑖𝑐
                                                                                 (7) 

F: System fundamental frequency  

𝑣𝑝𝑐𝑐  : Voltage at PCC 

The above solution gives the highest allowable inductance capacity. Due to its massive scale, this 

inductor effectively dampens current waves and overtones at the PCC Transformer. Due to the need to 

limit the residual of voltage power networks, the STATCOM cannot be hardwired to the grid. In order 

to bring the power down to a level that the equipment can manage, a converter is required. However, 

there may be power deficits associated with using a converter, such as increased compensatory currents 

on the STATCOM side. Procedure for controlling depending on the PI controller. 

The proposed control approach involves the use of PI controllers, one to determine the phase angle from 

the DC voltage and another to determine the modulation index from the difference between the targeted 

and measured reactive power. The modulator receives inputs such as the toggling components' on/off 

states, the current, and the voltages across the capacitors. As shown in Figure3, the control architecture's 

primary block layout is laid out in logical fashion. 

 

  Figure 3: Schematic of proposed control strategy using PI controller 
 

The reactive power that the STATCOM supplies to the line is given by the equation below: 

𝑄𝑠 =
𝐸𝑐

2−𝐸𝑐𝐸𝑠𝑐𝑜𝑠𝛿

𝑋
                                                                                                (8) 

Where: 

 x : the coupling reactance 

𝐸𝑠: RMS value of  PCC Voltage 

𝐸𝑐: STATCOM output voltage 

 

The STATCOM's can adjust the reaction strength by adjusting the frequency it operates at. The 

following is a broad description of the connection between the DC link voltage and the STATCOM 

output voltage. 
𝑉𝑜𝑢𝑡

𝐸𝐷𝐶
= 𝑚                                                                                                (9)                  

Therefore, the reactive power equation changes to 
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𝑄𝑠 =
𝐸𝑠

2−𝑚𝐸𝐷𝐶𝐸𝐿𝑐𝑜𝑠𝛿

𝑋
                                                                                        (10) 

The solution above illustrates how the STATCOM operates. In the suggested setup, the modulation 

index regulates the reaction strength of the STATCOM. The primary regulator of the STATCOM. The 

phase locked loop (PLL) component provides not only the phase but also the phase angle (𝑤𝑡) of a 

voltage signal for verification purposes. 

 

5. Simulation And Results 

The whole form of the modeling software’s depiction of the system is shown in Figure 4. 
 

 

Figure 4: Simulink block diagram of complete system 

 

To cope with a nonlinear load, the H-bridge circuit in Figure5 uses a perfect IGBT and a reactive power 

reference. The scenario is executed without STATCOM, with a power factor of 0.7 for all loads, and 

with inductive/capacitive load powers varying from 0 to 14 seconds and capacitive load powers ranging 

from 14 to 28 seconds. Table 1 contains the model's characteristics. 
 

Table 1: System parameters 

                  Type                        Parameter             Value 

Source PCC Voltage (L- L) 
 

311.12 V 

System Frequency (Hz) 50 Hz 

Load Voltage (V) 220Vrms 

Real Power (Watts) 450 W 

Reactive Power Inductive 450 VAR 

Reactive Power Capacitive 450 VAR 

Dc Link volt  DC Link reference Voltage (Volts) 27 V 

Coupling Transformer Nominal Power (VA) 5000 VA 

220/110 V 
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Figure 5: Reactive power reference signal for STATCOM 

The PI-based APSO management method is advocated by the computer program. Figure6 displays the 

layered inverter's output voltage's thirteen discrete steps. The reactionary power of the STACOM is 

depicted in Figure7, and the APSO technology is what gives the PI control its durability and versatility. 

 

 

Figure 6: STATCOM-output voltage and reference signal 

 
 Figure 7: STATCOM- reactive power with APSO  

 

The effectiveness of the APSO method can be further examined by plotting the cost functions for both 

controllers in addition to the PI controller gains k p and k I. Figure8 displays the gains achieved by the 

reactive power converter over the course of 50 trials. The advantage in k I increases to 6.1, then drops 

to the optimal number of 0.1. The k p trajectory, on the other hand, shows a negligible decrease from its 

initial 0.6 to its ultimate 0.01035. 
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Figure 8: PI parameters for reactive power controller iterations using APSO 

The Figure9 depicts the reduction in IAE (cost function) caused by a reactive power converter. After 

running through APSO's rounds, the cost naturally drops from a high of 1.1 to a low of 0.17, which is 

an acceptable margin of error. 

 

 Figure 9: IAE for reactive power controller iterations using APSO 

Another controller that provides comparable trajectory options is the APSO-optimized DC-Link PI 

controller. The Figure10 can be seen, the K_P gain number begins at 11.8 and increases gradually to 

3.1. The rise has been larger in recent versions than in previous ones. In a similar vein, the K_I gain, 

which was originally fixed at 013.9, steadily declines to 0.355 after 50 cycles. Figure11 shows the 

iterative readings of the IAE. The APSO method fails after 50 rounds, with an initial error of 0.67 and 

a final error of 0.091. 
 

 

Figure 10: PI parameters for DC-Link Voltage controller with iterations using APSO 
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Figure 11:Trajectory of IAE for DC-Link Voltage controller with iterations using APSO 

Optimizing the controller parameters of a Multilevel Converter-Based Static Synchronous Compensator 
for reactive power compensation can offer several advantages in power systems. STATCOMs are a type 

of Flexible AC Transmission System (FACTS) device used to control and stabilize the voltage and 

reactive power in electrical grids. Optimization of controller parameters allows for precise control of 

the STATCOM's output voltage. This helps in maintaining grid voltage within specified limits, reducing 

voltage fluctuations, and ensuring a stable and reliable power supply. By optimizing controller 

parameters, the STATCOM can provide efficient reactive power compensation. This helps in 

minimizing voltage drops, improving power factor, and reducing line losses. Properly tuned controller 

parameters enable the STATCOM to respond quickly to changes in the grid's reactive power 

requirements. This rapid response time ensures that voltage and power factor are kept within desired 

limits, even during transient events. Multilevel converters used in STATCOMs can generate harmonics 

if not controlled properly. Parameter optimization can mitigate harmonics, ensuring a cleaner and more 

stable power supply with minimal distortion. A well-tuned STATCOM contributes to grid stability by 

damping out oscillations, reducing voltage flicker, and preventing voltage sags and swells. This, in turn, 

enhances the overall reliability of the power system. Optimizing the controller parameters can lead to 

more efficient operation of the STATCOM. This means that the device consumes less reactive power 

from the grid, reducing energy losses and improving the overall energy efficiency of the system. 

Improved voltage regulation and reduced losses result in cost savings for utilities and end-users. With 

optimized STATCOM control, there is less need for additional equipment to maintain grid quality. 

STATCOMs are increasingly used in conjunction with renewable energy sources like wind and solar 

power. Proper parameter optimization ensures seamless integration and improved grid stability in 

renewable energy systems. Optimization allows for the development of control strategies tailored to 

specific grid conditions and requirements. This adaptability is crucial in addressing varying grid 

challenges. Many countries have stringent grid codes that require power quality standards to be met. 

Optimized STATCOM controllers can help meet these regulatory requirements, avoiding penalties and 

ensuring compliance. 

6. Conclusion 

The Adaptive Particle Swarm Optimization (APSO) algorithm is a powerful optimization approach 

rooted in the principles of swarm intelligence, drawing inspiration from the collective behaviors of 

natural swarms like fish or birds [14]. Voltage optimization plays a pivotal role in maintaining the 

operational efficiency and reliability of electrical distribution systems by ensuring voltage levels remain 

within acceptable parameters. Leveraging the STATCOM (Static Synchronous Compensator) in 

conjunction with APSO offers a viable strategy for achieving this optimization goal. A STATCOM, as 

a component of Flexible AC Transmission Systems (FACTS), possesses the capability to control 

reactive power flow within the electrical grid. This device, consisting of a voltage source converter 

(VSC) driven by power electronics, can dynamically generate or absorb reactive power as required, 

providing essential voltage support to the system. APSO, an evolution of the Particle Swarm 

Optimization (PSO) algorithm, harnesses the innate behaviors of swarming creatures to fine-tune the 
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settings of STATCOM and effectively regulate the system's voltage in the context of voltage 

optimization. PSO, a metaheuristic optimization technique, orchestrates a population of potential 

solutions, referred to as particles, in a dynamic and purposeful manner, much like the cooperative or 

competitive interactions observed in natural swarms. Each particle, representing a point in a 

multidimensional space, is guided towards the optimal solution through iterative adjustments, ultimately 

yielding the best configuration for achieving voltage optimization. The successful optimization of 

controller parameters not only enhances the STATCOM's ability to provide reactive power 

compensation but also contributes to the overall stability and reliability of the power system. It allows 

for better control of voltage levels and mitigation of power quality issues such as voltage sags and swells, 

thereby improving the quality and efficiency of electricity distribution. 

 

Additionally, the optimization of controller parameters for Multilevel Converter-based STATCOMs 

represents a critical step towards achieving optimal reactive power compensation and improving the 

overall performance of power systems. This ongoing research and development effort continue to play 

a vital role in ensuring a stable, reliable, and high-quality supply of electricity to meet the demands of 

modern society. 
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