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This article proposes a biogeography-based optimization (BBO) approach to optimizing 

the PI controller gains of the PV integrated shunt active power filter (SAPF). This method 

is also used to analyze how these optimum gains affect the performance of SAPF. When 

nonlinear loads draw reactive power from the source, harmonics are produced, which can 

lead to power quality issues for the utility. Our ultimate goal is to achieve sinusoidal source 

current, which can only be accomplished with the help of FACT devices that enhance 

power quality in the distribution network. SAPF is a commonly utilized device. Solar is 

the most popular alternative energy source because it is the most cost-effective. Therefore, 

this article takes into account PV-integrated SAPF for analysis. To get the highest amount 

of power from a PV panel, a technique called maximum power point tracking (MPPT) is 

used. This technique is based on perturbation and observation (P&O) in MPPT. When the 

SAPF converter uses this maximum power, it also sends active power to the load, so that 

the SAPF converter has dual functionality like reactive power compensation (FACT) and 

active power supply (DG Functionality) to the load. The performance of this PV-Integrated 

SAPF depends on many things, like how the reference current is made, how switching 

pulses are made, how the voltage on the dc link is controlled, etc. In order to obtain the 

best possible performance from SAPF, certain design parameters, such as the gains of the 

PI-controller, need to be optimized. Modeling and simulation of a PV-integrated SAPF are 

performed in Matlab/Simulink. Gain optimization of the PI controller-based PV integrated 

SAPF is performed using both the proposed biogeography-based optimization method and 

the PSO algorithm, and the results are compared. The proposed BBO-trained PV- SAPF 

converter's active power injection was also investigated. 
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1. INTRODUCTION

Fossil fuels have been burned to meet power demand for 

decades, but they are nonrenewable and cannot be reused [1]. 

They aren't ecologically sound. Pollution-friendly and 

contribute to climate change, so [2] renewable energy sources 

like solar, wind, and geothermal are essential. There are clean 

sources of energy generation, such as hydro, etc., and there is 

an abundance of them. Photovoltaic power plants have 

widespread application; solar energy is naturally abundant, 

and electrical power is widely available. Solar power as dc 

from the arrays, which is converted to an alternating current 

one that uses an inverter. Due to the energy's reactive power 

balancing capabilities, this equipment can be used anywhere 

[3]. There are more harmonics in the network because of the 

rise in nonlinear electronic loads and devices. Presents of a 

harmonic nature as well as voltages that are powers of the 

fundamental frequency led to systemic cases of power 

degradation, and as a result, the machinery got hot. To better 

understand the role of alterations that happens when voltage 

and Currents are not proportional. The impedance of the load 

[4] Short-circuit current is drawn by these loads. Damage

electronic devices with pulses and harmonics. Rectifiers and 

other electronic devices are examples of non-linear loads. 

Everything from computers and motors to SMPSs (switch 

mode power supplies) to get rid of harmonics uses passive 

filters, but they have a few drawbacks. Have bounds, such as 

in resonance, and evolve in accordance as the workload shifts. 

To reduce grid current harmonics, active power filters are 

being developed; unlike passive filters, which require an 

external power source, these don't affect demand levels [5, 6]. 

Active filters can achieve the required gain while 

simultaneously addressing issues with attenuation. They're 

diminutive, but they're more effective than passive filtering 

systems. Their ability to avert major active power filters can 

handle wider frequency ranges. Photovoltaic shunt-clearing 

harmonics are a common application for active filters. The 

module's findings or those found Maximizing power 

generation from PV systems while keeping costs as low as 

possible necessitates the use of power point tracking (MPPT) 

techniques [7]. Additionally, a boost converter is used to 

increase the voltage output. When PV is implemented, it 

depends on a variety of factors in the real world, including 

things like climate and solar radiation. There's been a lot of 
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study into improving old power in the grids employing various 

filtering strategies [8]. SAHF yields the contrasting major-

minor harmonics so that it nullifies itself. Turn a nonlinear 

load into a linear one with linear pressure. 

The goal of this work is to lessen harmonic distortion [9] in 

a distribution system with a non-linear load. By utilizing a 

shunt active power filter that is integrated with solar panels. 

Figure 1 represents the PV-integrated SAPF, which typically 

provides a current that is 90 degrees out of phase with the 

source current [10, 11]. As a result of the nonlinear load, the 

converter's output voltage dips, and the filter capacitor draws 

a greater amount of current than usual during the 

compensation process. So, in order to mitigate these 

unforeseen effects, it is proposed [12] that a SAPF be 

constructed with optimal parameters. 

There has been a lot of study done on the topic of using an 

active power filter with a photovoltaic (PV) system. The 

filter's structure and tuning parameters are ignored, while a 

variety of methods for controlling current in a 3-phase, 4-wire 

distribution network are proposed in the study [13]. An 

improved current control approach [14] using a maximum 

power point tracking controller has been implemented to 

lessen system harmonics via a grid-connected inverter. 

Filtering techniques, such as a self-tuning PI controller [15, 

16], have been used to decrease harmonic distortions in a grid, 

which comprises a voltage source converter, a hysteresis 

controller, and a DC voltage capacitor. 

The parameters of today's automatic control systems are 

often optimized with the help of state-of-the-art soft 

computing techniques. The gains of PI controllers are 

optimized using particle swarm optimization (PSO) 

techniques [17, 18]. Evolutionary algorithm optimization 

techniques such as the genetic algorithm (GA) [19], bacterial 

foraging (BF) [20], firefly [21], ant colony optimization (ACO) 

[22], and differential evolution (DE) [23] have all been applied 

to the problem of determining the best possible gain settings 

for the PI controller in SAPFs. 

In this study, BBO, a stochastic optimization method based 

on swarm intelligence, has been used for the fine tuning of PV-

integrated SAPF PI parameters to control the DC link voltage 

to achieve the best THD. Using active power control theory, 

the SAPF converter also works like the DG converter.

 

 
 

Figure 1. Model configuration of PV integrated SAPF 

 

 

2. SYSTEM MODEL 

 

The photovoltaic (PV) integrated shunt active power filter 

model that is the focal point of the present study is depicted in 

Figure 2. This model in its entirety includes the PV 

configuration, PV model, and PV array. 

 

 
 

Figure 2. Simulink diagram of PV integrated SAPF when connected to non linear load 
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2.1 Mathematical modeling of shunt active power filters 

 

The following assumptions need to be made in order to 

select the parameters for the SAPF, such as the interfacing 

inductance 𝐿𝑓  and the DC capacitor 𝐶𝑑𝑐  as well as the 

reference dc voltage. 

• The source current needs to have a sinusoidal pattern. 

• The amount of distortion in the system current is no more 

than 5%. 

• Converting takes place in a linear fashion. 

The 𝑄𝐶  and 𝐼ℎ  can be calculated using the two equations 

that are provided below.  

 

 

The 𝑉𝑑𝑐𝑟𝑒𝑓  value can be adjusted in response to the rated 

voltage. The following equation is used to determine the 

appropriate value of 𝐶𝑑𝑐 to achieve the desired peak-to-peak 

voltage ripple level. 

 

𝐶𝑑𝑐 =
𝜋 ∗ 𝐼𝑐

𝑟𝑎𝑡𝑒𝑑

√3 𝜔 𝑉𝑃𝑃
𝑟𝑖𝑝𝑝𝑙𝑒𝑒

 (3) 

 

where, 

𝑉𝑑𝑐: The injected voltage from the filter. 

𝐿𝑓: The inductance of coupling for the SAPF. 

C: The capacitor on the DC side of the filter. 

𝑉𝑠: The voltage of SAPF. 

𝐼𝑐: Compensating current from filter. 

𝑉ℎ: Harmonic voltage. 

 

2.2 Basics of PV system 

 

In order to convert solar energy into usable electricity, a PV 

system will use a series or parallel connection of PV modules 

or panels. Electrical output is generated via photovoltaic (PV) 

panels and associated mechanical and electrical connections. 

Solar photovoltaic (PV) output is normally dependent on solar 

irradiance, or the amount of sunlight available. 

PV Cells, Modules, and Arrays PV cells can be connected 

together to make a module. Adding more modules to a PV 

plant works the same way, either in series or parallel, to boost 

the plant's power output. 

A solar power plant's crucial fundamental component is PV 

cells. Silicon (Si) is the primary material used in solar panel 

construction. To generate an electric field, a thin 

semiconductor coating is polarized positively on one side and 

negatively on the other. The layer's surface is the source of the 

emitted electrons. 

A PV cell typically produces a voltage in the range of 0.5 V 

to 0.7 V. As a result, the necessary output voltage and current 

can be obtained by connecting a series and parallel array of PV 

cells. In the event of partial shading, diodes in the PV array 

may be necessary to prevent the flow of current in the opposite 

direction. There is a risk of inefficiency when temperatures are 

very high. To counteract this, PV systems incorporate 

ventilation systems. 

In order to convert the DC power from the PV panels into 

AC power for use in homes and businesses, inverter systems 

are installed. By connecting modules in series and parallel, 

higher voltage and current capacities can be achieved. The 

configuration is depicted in the Figure 3. 

 

 
 

Figure 3. Interconnection diagram of solar cell, module, 

array 

 

2.3 Module of PV system 

 

The PV cell's circuit is depicted in Figure 4. It consists of 

only one diode, which is connected in parallel to the power 

supply. The function of a diode is to permit current to flow 

smoothly in one direction but substantially prevent it from 

flowing in the opposite direction. Diodes are sometimes 

referred to as rectifiers due to their ability to convert AC 

current into DC current. Both series resistance 𝑅𝑠 and shunt 

resistance 𝑅𝑠ℎ are denoted. There are two conditions for the 

cell, and the amount of current it draws from its source is 

directly related to the amount of sunlight it receives [24]. One 

is the potential difference between the terminals in a circuit 

that is open, and the other is the current in a short circuit. 

When the diode is open, the voltage across it is zero, and the 

current through the short circuit 𝐼𝑠𝑐  is equal to the current 

through the current source, Voc. 

The equation gives information about PV's properties. 

 

𝐼 = 𝐼𝐿-𝐼0 (𝑒
(
𝑣+𝑅𝑠

𝑛𝑠𝑣𝑡𝑄𝑑)⁄
−1)−

𝑣+𝑅𝑠

𝑅𝑠ℎ
) (4) 

 

where, V is the array's voltage, I is the array's current, IL is the 

light current, I0 is the diode's reverse saturation current, 𝑄𝑑 is 

the diode's ideality factor, ns is the number of series cells, Rs 

is the series resistance, 𝑅𝑠ℎ  is the shunt resistance, 𝑉𝑡  is the 

thermal voltage, and Id is the diode current. 

 

 
 

Figure 4. Single line diagram of photovoltaic system 

 

Sun power SPR-315E-WHT-D modules were used in this 

study; their parameters and technical specifications are listed 

in Table 1. 

  

𝑄𝐶=3𝑉𝐶𝐼𝐶 = 3𝑉𝑆
𝑉𝐶

𝜔𝐿𝑓
 (1 −

𝑉𝑠

𝑉𝐶
) (1) 

𝐼ℎ =
𝑉ℎ

𝑚𝑓𝜔𝐿𝑓

 (2) 
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Table 1. PV panel specifications 

 
Parallel Strings 12 

Series-connected modules 

per string 
7 

PV module name Sun power SPR-315E-WHT-D 

Max power 315.072 

Open-circuit voltage (V) 64.6 

Short -circuit current (A) 6.14 

Voltage at MPPT (v) 54.7 

Current at MPPT (a) 5.76 

Irradiation (w/m2) 1000 

 

2.4 P&O MPPT algorithm 

 

The P&O method uses the PV module to its full potential 

by maximizing efficiency in any environment. The primary 

benefit of this technique is the accessibility and preciseness of 

its algorithm, so that it can even be performed efficiently with 

a low-cost processor. However, a current and voltage sensor 

that measures the array's voltage and current is required for its 

implementation [25]. The power output of the PV is then 

calculated based on the data obtained for voltage and current. 

If the duty cycle is altered by the expression P(n-1)=V(n-

1)×I(n-1), and if the expression P(n)=V(n)×I(n) increases from 

the previous value, then n is an even number. The direction of 

the perturbation remains the same as P(n)=V(n)×I(n) grows 

larger, while when it decreases, the perturbation and, by 

extension, the duty cycle, switch directions [26]. Using the 

P&O technique, the system is represented in Figure 5. 

 

 
 

Figure 5. Flow chart representation of P&O MPPT 

 

 

3. BBO OPTIMIZATION ALGORITHM 
 

The natural phenomenon of biogeography acted as 

inspiration for a new metaheuristics technique called 

"biogeography-based optimization" (BBO). Biogeography is 

the study of how the geographic distribution of different 

species varies over time and space [27]. Simon [28] first 

proposed the BBO method for resolving certain continuous 

functions. Furthermore, this approach was developed on the 

basis of some principals, including species' ability to travel 

from island to island, the development of novel species, and 

the eventual extinction of extant ones. Some crucial BBO 

concepts are as follows: 

3.1 Biogeography 

 

According to biogeography principles, islands that are more 

favorable to life support systems tend to have more species, 

while less favorable islands tend to have fewer. Thus, the 

answers to the issues are like those islands. An excellent 

Habitat Suitability Index (HSI) value would characterize the 

ideal island. HSI is more commonly called "fitness" in other 

algorithms for population-based optimization, like the Genetic 

Algorithm. Suitability Index Variables (SIV) are the 

characteristics of the HSI. The HSI is the dependent variable 

in the habitat, and the SIV is taken as an independent variable. 

 

3.2 Migration 

 

High-HSI (or abundant species) habitats or islands will see 

high rates of emigration and low rates of immigration. 

Therefore, the higher HSI habitat is more likely to remain 

unchanged over time. Since these species have a high 

emigration rate, they are likely to relocate to nearby habitats. 

However, the migratory species wouldn't vanish entirely from 

the island of their ancestry. Those species would 

simultaneously appear on both islands. In most cases, the 

migration process would force the inferior solution to adopt 

the characteristics of the superior ones. If an island has a high 

emigration rate, it also has a low immigration rate, and vice 

versa. However, the island's rate of emigration is influenced 

by the variety of species that call it home. It stands to reason 

that islands with higher rates of emigration would be home to 

more species overall.  

 

3.3 Mutation and elitism 

 

In addition to migration, mutation and elitism occur during 

the BBO process. Mutation is a devastating ecological event. 

The rate at which mutations occur in various environments is 

known as the mutation rate. In some ecosystems, the mutation 

rate is proportional to the number of species present. The 

mutation rate in high-HSI environments is expected to be 

lower than in low-HSI environments. As a result, it is unusual 

for the mutation to preserve the good solution until the next 

generation is selected. Because of this mutation, novel 

environments would emerge to replace those with low HSI 

values. Without mutation, low-HSI solutions would become 

more prevalent, leading to a possible trap at the local optimum. 

Each habitat's mutation rate can be expressed as follows: 

 

𝑚𝑘 = 𝑚𝑚𝑎𝑥(
1 − 𝑃𝑘

𝑃𝑚𝑎𝑥

) (5) 

 

For any given habitat, the probability of having k different 

species is denoted by 𝑃𝑘, the mutation rate is denoted by 𝑚𝑘, 

and the maximum mutation rate is denoted by 𝑚𝑚𝑎𝑥 , with 

Pmax being the maximum probability. Becauseof the mutation, 

a new habitat would appear in its place. The best previous 

solutions would also survive the elitism. All solutions, except 

the optimal ones with the highest probability (𝑃𝑘), are equally 

susceptible to mutation. BBO's mutation mechanism is 

flexible in the same way that the mechanism of mutation that 

has been applied to the GA. Flow chart representation of BBO 

algorithm as shown in Figure 6.  
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Figure 6. Flow chart representation of biogeography-based 

optimization (BBO) 

 

 

4. PROPOSED METHODS 

 

4.1 Tuning of PI controller by using BBO algorithm 

 

The efficiency of a PV-integrated SAPF is dependent on the 

stability of the DC link voltage, which is regulated by the PI 

controller. Finding the gain (𝐾𝑃 , 𝐾𝐼) values of the PI controller 

in the critical controller is a complex mathematical process. 

The calculated gains are not optimal for the PI controller. To 

determine the best gains for the PI controller, this work 

implements BBO. Figure 7 shows the objective function, 

integral absolute error (IAE), as the discrepancy between the 

measured and target DC voltages. The BBO algorithm 

minimizes these objective functions and gives the best 

possible gains for the PI controller. 

 

 
 

Figure 7. Simulink model of PI controller tuning with BBO 

algorithm 

 

4.2 Active current coefficient control 

 

This theory is proposed to find the actual active current 

required by the load, which is supplied from the PV source. 

Here first we need to sense the grid voltage (phase to phase) 

that is converted to phase to ground voltage, then these phase 

to ground voltages are again converted to α-β frame by using 

the clarck transformation, and again these α-β frame voltages 

are converted to an a-b-c reference frame by using the inverse 

clarck transformation. From that, we will get grid voltages in 

the a-b-c reference frame (Vga, Vgb, Vgc). These voltages pass 

through a band pass filter in order to remove some higher-

order harmonics, and here we generate some unique vectors 

for synchronization of the grid with PV. And again, we need 

to sense the load current. With these load currents and the 

unique vectors, we need to find the active current coefficients 

for lines a, b, and c, as shown in Figure 8. Finally, we will take 

the average of these and get the actual active current 

requirement for the load (IL). 

 

 
 

Figure 8. Simulink representation of active power coefficient 

theory 

 

 

5. RESULTS AND DISCUSSION 

 

This model implements a photovoltaic (PV)-based shunt 

active filter to mitigate undesired harmonics and enhance the 

power quality of the system. In order to produce gate pulses 

for the inverter, a hysteresis controller is built into the voltage 

source inverter (VSI). The model utilizes the P&O-based 

Maximum Power Point Tracking (MPPT) technique in order 

to optimize solar power extraction. The model is evaluated 

both with and without the inclusion of SAHF in order to 

analyze the network. By analyzing the data, we can determine 

the V-I characteristics. The shunt active filter based on 

photovoltaic (PV) technology is evaluated and examined using 

the MATLAB/SIMULINK software in order to mitigate 

current harmonics and facilitate power enhancement. The 

input supplied to the photovoltaic panel consists of solar 

irradiance of 1000 w/m2 and a temperature of 25℃.Max power, 

open circuit voltage, and short circuit current are shown in 

Figure 9. 

Since PV cells and other nonlinear loads are used, the source 

current is mostly made up of harmonic components, which 

affect all other loads in the distribution system. Here, the 

effects of a nonlinear load and the PV cell on harmonics have 

been looked into. A nonlinear load is used in the FFT analysis. 

Also, the gains of PV-SAPF's PI controller are chosen at 

random using trial and error. So, to improve the performance 

of SAPF, getting the gains of the PI controller to be as good as 

possible can be accomplished by employing the BBO 

optimization technique. In this study, the active power 

injection from this PV-SAPF is further examined.
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Figure 9. Output characteristics (Pmax, VPV, IPV, Irradiation) of PV module 

 

5.1 Harmonic spectrum of PV-SAPF with PSO-PI 

controller 
 

Here, the PV-integrated SAPF utilizes a PSO-PI controller 

to control the voltage on the DC capacitor. Conventional 

controllers involve a lot of mathematical calculation, which is 

not accurate, so the gain values of the PI controller are tuned 

with the support of PSO's optimization algorithm. The PSO 

technique uses a minimization of the objective function known 

as the integral absolute error (IAE) to find the best possible 

values for the gains. With a maximum number of 100 

iterations and 25 populations, For Kp and Ki, we chose 0 and 

200 as the absolute minimum and maximum values, 

respectively. 

Figure 10 shows the harmonic spectrum of PV-SAPF with 

the PSO-PI controller, where the THD in the grid current is 

1.18%, and it shows that it is reduced from 3.08% to 1.18%. 

 

 

 
 

Figure 10. Grid current THD of PSO trained PI controller based PV-SAPF 

 

5.2 Harmonic spectrum of PV-SAPF with BBO trained PI 

controller 
 

Here, the PV-integrated SAPF utilizes a BBO-trained PI 

controller to control the voltage on the DC capacitor. A 

biogeography-based optimization (BBO) strategy will be used 

to make the necessary correction of the error voltage (IAE), 

which is the objective function, by adjusting the Kp and Ki 

gains of the PI controller. Figure 11 provides a graphic 

representation of source-side voltage (VS) and source-side 

current (IS) that are generated by a PV-SAPF that is controlled 

by a BBO-PI controller. In the event that a nonlinear load is 

connected to the grid at the same time, for the grid current to 

continue to have its normal sinusoidal shape maintained, 

SAPF will inject the compensating current at the PCC. Figure 

12 represents the harmonic spectrum of PV-SAPF with a 

BBO-PI controller. From observing the figure, it is very easy 

to see that the THD value at the source current is 0.91%, and 

it shows that it is reduced from 1.18% to 0.91%. Table 2 

represents the parameters of the BBO-PI controller. 

 

Table 2. BBO configurations 

 
BBO Parameters Values 

Maximal Iterations 100 

Tuned Parameters 2 

Keep Rate 0.2 

Total Quantity of Reatained Habitats 5 

Total Quantity of Fresh Habitats1 20 

Total Populations 25 

Alpha 0.9 

Mutation 0.1 

Emigration and Immigration Rates 1 
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5.2.1 Active power (P) & reactive power(Q) from PV-SAPF 

inverter 

When PV is integrated into SAPF using active power 

coefficient theory, the SAPF converter will have dual 

functionality. 

The PV-SAPF-SAPFrter works like DG; it will inject active 

power into the load. 

The PV-SAPF-SAPFrter works like a FACT device; it will 

inject reactive power into the load. 

Figure 13 represents the active and reactive power from the 

PV-SAPF inverter. From that, we can clearly observe that the 

PV-SAPF inverter is injecting 25.4 KW of active power and 

2.054 KVAR of reactive power at the PCC. 

 

5.2.2 Active power (P) & reactive power(Q) at load 

Figure 14 represents the active power (P) and reactive 

power (Q) at the nonlinear load. From that, we can clearly 

observe that the load requires active power of 5.226 KW, 

which is taken from the PV-SAPF converter, and reactive 

power of 2.058KVAR, which is also taken from the PV-SAPF 

inverter. 

 

 

 

Figure 11. Source voltage and source current wave forms of BBO trained PI based PV-SAPF 

 

 
 

Figure 12. Grid side current THD of BBO trained PI controller based PV-SAPF 

 

 
 

Figure 13. Active power and reactive power wave forms from PV-SAPF converter 
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Figure 14. Active power and reactive power wave forms required by the load 

 

 
 

Figure 15. Active power and reactive power wave forms at GRID side 

 

 
 

Figure 16. Converges spectrum of PSO & BBO trained PI controller based PV-SAPF 

 

Table 3. Quantification comparisons 

 
S_no Type of Controller Component THD Value (%) 

1 Without SAPF IS(SourceCurrent) 18.42 

2 PI based PV- SAPF IS(SourceCurrent) 3.08 

3 PV-SAPF with PSO-Trained PI cotroller IS(SourceCurrent) 1.18 

4 PV-SAPF with BBO-Trained PI controller IS(SourceCurrent) 0.91 

 

5.2.3 Active power (P) &reactive power(Q) at grid 

Figure 15 represents the active power and reactive power 

(P&Q) at the source side; from that, we can clearly observe 

that the grid is not generating any reactive power (Q) for the 

load. At PCC PV-SAPF injecting 25.4 KW of active power, 

the load is taking around 5.226 KW, and the remaining 20.17 

KW of active power is sent to the grid. 

The converging spectrum of the BBO-PI-based PV-SAPF 

controller is depicted here in Figure 16, as it can be seen. It has 

been demonstrated that the error that is measured by the BBO-

PIcontroller is less than that which is measured by the PSO-

PIcontroller. The SAPF investigation findings for different 

incidents are listed in Table 3. 

From the Table 3, we can clearly observe that the THD with 

a PSO-tuned PI-based PV-SAPF is 1.18%, and the proposed 

BBO-tuned PI-based PV-SAPF achieves a THD of 0.91%, 

which means the quality of grid current is better with BBO-

trained PV-SAPF when compared to PSO algorithm-based 

PV-SAPF. 

Active Power and Reactive power from SAPF inverter, 

Load, Grid at irradiation 0 w/m2 and 10000 w/m2 as given in 

Table 4. 
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Table 4. Power comparisons 

 

Power/Irradiation 
With Out DG Integration (0 W/m2) With DG Integration (1000 W/m2) 

Active Power (KW) Reactive Power (KVAR) Active Power (KW) Reactive Power (KVAR) 

Grid power 

((Ps) & (Qs)) 
5.239 0.3186 20.17 0.006 

Load power 

((PL) & (QL)) 
5.226 2.058 5.226 2.058 

SAPF inverte power 

((PF) & (QF)) 
0.0139 2.058 25.4 2.054 

 

 

6. CONCLUSION 

 

In this paper, we investigate the effectiveness of a PV-based 

shunt active filter with nonlinear loads in reducing harmonic 

distortion and improving overall power quality. Active filters 

are not the only option available, and passive filters are used 

for this purpose too. However, passive filters have issues such 

as load variation that active filters do not. It's a more cost-

effective system because active filters are cheaper than passive 

ones. Solar irradiation and ambient temperature are two of the 

variables used in the PV module simulation. The P&O 

algorithm is used in conjunction with maximum power point 

tracking techniques to extract the maximum amount of power 

possible from PV. To increase the array's voltage, a boost 

converter is connected to it. 

This study presents a proposed configuration for a 

photovoltaic (PV) integrated shunt active power filter. The 

configuration incorporates a biogeography-based optimization 

(BBO) for DC-link control, operating under ideal voltage 

conditions. The objective of this configuration is to improve 

power quality by reducing total harmonic distortion (THD). 

The Matlab-Simulink software runs simulations of two 

different scenarios and then presents the findings. The 

simulation results show that the THD with a PSO-tuned PI-

based PV-SAPF using a PI controller is 1.18%, and the 

proposed BBO-tuned PI-based PV-SAPF achieves THD 

0.91%, which is even better results in reducing THD in the 

source current than the PSO-tuned PI-based PV-SAPF. The 

proposed BBO-trained PV-SAPF provides not only reactive 

power compensation but also injects active power as required 

by the load. 

 

 

7. FUTURE SCOPE 

 

This suggested shunt active power filter will be 

implemented in hardware-in-loop in the future. The response 

of the PV-integrated SAPF can be improved through the 

implementation of an ANN, an ANFIS controller using BBO, 

as well as additional optimization strategies. 
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