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░ ABSTRACT- Numerous converters enhance the flexibility and manageability of the Grid-Connected Converter (GCC) 

within a DC/AC microgrid, facilitating the smooth incorporation of renewable energy sources. To capitalize on the power 

generation from photovoltaic (PV) modules and the wind turbines MPPT technique is employed. A DC voltage regulator is used 

in the layer of primary control to sustain a stable voltage profile. A coordinated control strategy integrates a grid-connected solar 

and wind power generation system with electric vehicle (EV) charging stations, balancing AC-DC loads with the support of a 

battery storage system. The solar PV system incorporates a boost converter with a Circle Search MPPT algorithm to optimize 

power extraction. The combination of wind and solar energy improves system reliability, ensuring renewable power supply for 

EV charging and household loads. The Power quality issues, such as the voltage sags and swells, are mitigated using a Distributed 

Power Flow Conditioner (DPFC), which enhances overall power quality and confirms stable procedure of the distribution system. 

The proposed system is tested in a MATLAB/Simulink environment, where the control strategy effectively balances loads, 

optimizes power delivery, and improves power quality under varying conditions. 

 

Keywords: DC/AC microgrid, battery energy storage system, Circle search Algorithm coordinated control, photovoltaic 

energy, Wind energy. 
 

 

░ 1. INTRODUCTION 
Microgrid technology is anticipated to become more and more 

important in future power systems as it is fast-developing 

innovation in the power industry and of its many benefits. This 

idea was presented as a way to smoothly integrate several power 

generation sources without interfering with the utility grid, 

especially when renewable energy is included. Efficiency, 

dependability, cost-effectiveness, safe grid integration, 

microgrid management capabilities, energy storage options, low 

environmental impact, and the development of complex control 

and monitoring algorithms are just a few of the crucial elements 

that make up renewable energy sources. 
 

Photovoltaic (PV), wind, and hydroelectric power are the most 

common renewable energy sources. The PV industry is growing 

at a pace of more than 30% per year, even if hydroelectric 

electricity is still the most common source. An effective 

maximum power point tracking (MPPT) is necessary since PV 

energy is intermittent and nonlinear, with power production 

varying depending on environmental factors. Renewable energy 

resource (RER) integration within the utility grid is gaining 

popularity due to its affordability; nonetheless, power quality 

problems are mostly caused by changes in RER power output. 
 

To maximize power extraction from photovoltaic (PV) modules, 

several maximum power point tracking (MPPT) algorithms have 

been developed. The perturb and observe (P&O) approach [1], 

incremental conductance (Inc) [2], and the hill-climbing 

algorithm [3], are some of the most used. Because of its great 

efficiency, capacity to capture the most wind power, decreased 

power fluctuations, the adjustable-speed wind turbine built on a 

permanent magnet synchronous generator (PMSG) is frequently 

used in industrial claims [4]. Numerous tracking algorithms have 

been created to maximize the amount of power extracted from 

wind turbines [5],[6]. While power electronic converters have 
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nonlinear features that result in voltage and current harmonics 

at the PCC connection, wind velocity and solar irradiance 

behave stochastically. LCL filters have drawn a lot of interest 

because of their superior harmonic reduction qualities, small 

size, and lightweight construction [7]. But their design 

necessitates a lot of mathematical calculations.  
 

The Distributed Power Flow Controller (DPFC), installed at the 

point of common coupling (PCC), is identified as an effective 

custom power device for mitigating voltage- and current-related 

power quality (PQ) issues in distribution systems [13],[14]. Its 

primary function is to enhance PQ through voltage regulation 

and mitigation of disturbances such as sags, swells, and 

harmonics. The DPFC comprises a shunt active power filter 

(ShAPF) and a series active power filter (SeAPF) linked by a 

common DC bus. While the ShAPF suppresses current-related 

issues [15], including harmonics and reactive power demand, 

and maintains DC-link voltage, the SeAPF addresses voltage 

disturbances such as sags and swells [16].  
 

The integration of renewable energy sources (RES) into power 

networks is a major research focus due to their potential to 

enhance system performance [21],[22]. Solar photovoltaic (PV) 

systems, in particular, contribute to sustainability and carbon 

emission reduction. Their integration with the Unified Power 

Quality Conditioner (UPQC) can provide additional technical 

and environmental benefits. 
 

For effective operation of the Unified Power Quality 

Conditioner (UPQC), an appropriate control strategy must 

generate the reference load voltage signal and the source current 

signal to drive the series and shunt compensators, respectively. 

Several studies have employed conventional time-domain 

control techniques, including Instantaneous Symmetrical 

Component Theory (ISCT), Synchronous Reference Frame 

(SRF or d–q–0), and Instantaneous Reactive Power Theory 

(IRPT or p–q) [23].  

The key contributions of this paper include optimize power 

extraction from the wind and PV panels; a circle search 

algorithm and tip-speed ratio technique are applied. In order to 

maintain a steady DC bus voltage during grid outages, an 

embedded energy storage device with a bidirectional DC-DC 

converter is connected to the shared DC bus and is affected by 

changes in solar radiation and wind speed. The implementation 

of inductor current reference generation and a generalized power 

flow management system maximize the utilization of renewable 

energy sources while reducing dependence on grid power. To 

transfer surplus energy to the utility grid and provide a 

dependable power supply to local loads, A cooperative control 

system with two layers is implemented. 

 

░ 2. OUTLINE OF DC/AC MICROGRID 
Figure 1 displays the inclusive block diagram for the DC/AC 

microgrid system. The system comprises a wind energy 

conversion system that utilizes a permanent magnet synchronous 

motor (PMSM), a bidirectional converter integrated within an 

energy storage device, an active rectifier, a photovoltaic (PV) 

panel equipped with a boost converter, a water pump controlled 

by a variable frequency drive, a DC link capacitor, a grid-

connected converter, an LCL filter, a DC load, a relay that 

activates during islanded operation, and a power supply. 
 

In this system, the active 3-Φ rectifier is controlled to maximize 

wind power, while the boost converter is regulated to maximize 

PV output.  The battery-connected bidirectional converter keeps 

the DC bus voltage steady.  Interaction with the utility grid is 

facilitated by the grid-connected converter, where the real power 

from renewable energy sources and the power castoff by the 

limited load are used to generate the reference inductor current 

for the inner loop. 
 

 

 
 

Figure 1. Schematic diagram of the DC/AC microgrid system simplified 
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░ 3. PHOTOVOLTAIC MODELING 
The analogous PV panel circuit employing an individual diode 

model is shown in figure 2.  

 

Figure 2. The equivalent circuit representation of a single diode 

photovoltaic model  

 

By put on Kirchhoff’s Voltage Law (KVL) to figure 1, the 

current of a single cell, denoted as Ipv,cell is calculated as follows: 

where Iph is the photovoltaic current, I0,pd is the current that 

passes through the parallel diode, along with Rp,pv and Rs,pv, 

represents the parallel and series resistances of the PV panel, 

respectively; The output current of a single PV cell is 

represented by Vpv,cell, and the output voltage by Vpv,cell, 

respectively; The Boltzmann constant is represented by k, the 

electron charge by q, the ideality factor (curve fitting parameter) 

by a, and the temperature by T. here maximum solar power is 

tracked by using circle search algorithm.  

 

░ 4. CIRCLE SEARCH ALGORITHM 
Enthused by the geometric structures of circles, the CSA is a 

new metaheuristic optimization technique that was first 

presented by Qais et al. [17]. The distance between each point 

on a circle and its center remains constant, making it a 

fundamental closed curve.  The line segment connecting any two 

locations on the curve which passes across the center (xc) is the 

circle's diameter, while the circle's circumference shows the 

total length of the encircling curve. 
 

In the circle and distance between any points and its center (xc) 

is known as the radius (R). Additionally, With the radius R, the 

tangent line segment is clearly a straight line which forms a right 

angle.  
 

According to the Pythagorean theorem, the function of tangent 

of the right triangle is equal to the combination of the diameter 

of the circle to the segment of the inclined tangent line. In this 

instance, the angle of the tangent segment indicates the 

separation among both points, xt and xp. The following equation 

represents the orthogonal function: 
 

Tan(θ)=  

 

Then  𝑥𝑡 = 𝑥𝑐 + (𝑥𝑝 − 𝑥𝑡) ∗ 𝑇𝑎𝑛(𝜃)                           

 

To increase the search area for the best answer, the CSA 

investigates inside circles that are positioned at random. 

utilizing the circle's center as a point of reference, the angle (θ) 

that exists between tangent lines point of direct alignment and 

the circle's perimeter decreases slowly as it gets closer to the 

circle's center; the angle that occurs when a tangent line joins the 

point is spontaneously reset because the circle may get stuck in 

a regional minimum or maximum solution. To increase the 

search area for the best answer, the CSA investigates inside 

circles that are positioned at random.  
 

Using the center of the circle as a reference, the angle (θ) in 

between the tangent lines’ points of encounter and also the 

circle's perimeter progressively decreases as it gets closer to the 

center. 
 

Randomly determined is the angle where the tangent line 

touches the point. Since the circle can get stuck in a local 

minimum or maximum solution.  

           
Figure 3. Terminologies of the geometric circle 

 

The tangent point xt acts as the CSA's search agent, and the 

algorithm considers the center point  xc to be the ideal location. 

Furthermore, by moving the tangent point xt in the direction of 

the center point xc, the CSA modifies its search. The tangent 

point is randomly modified by altering the angle θ in order to 

keep the algorithm from being trapped in local extrema. 
 

 

Figure 4. Flowchart of the Circle Search Algorithm 

 (1)    

 (2)    

 (3)    
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The PV modules can reliably run at their Maximum Power Point 

(MPP) under a range of operating situations thanks to the CSA-

based maximum power tracking technique, which connects the 

PV power source with the DC link to extract maximum power 

than conventional control technique [18]. 
 

Phase 1: Initialization: This stage is crucial to the CSA since it 

guarantees that the search agent's dimensions are all uniformly 

randomized. The search agents of the CSA are then initialized 

within the bounds specified by the upper bound (ub) and lower 

bound (lb) limits of the search space, as shown by equation (4). 
 

𝑥𝑡 = 𝑢𝑝 + 𝑟 ∗ (𝑢𝑏 − 𝑙𝑏)                  (4) 
                                                      

Here, r is a random vector range from 0 to 1. 
 

Phase 2: Changing the Search Agent's Position: Equation 

illustrates how the search agent's position xt is modified in this 

phase by using the most recent best-estimated position xc. 
  

𝑥𝑡 = 𝑥𝑐 + (𝑥𝑐 − 𝑥𝑡) ∗ 𝑇𝑎𝑛(𝜃)                              (5) 
                      

In this case, the angle θ, which is essential to investigating and 

taking advantage of the CSA, can be calculated as follows: 
 

𝜃 = {
𝑤 ∗ 𝑟𝑎𝑛𝑑   𝑖𝑓 𝑖𝑡𝑒𝑟 > C

𝑤 ∗ 𝑃  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                     (6) 

                                                 

 W= a * rand – a                                         (7)  

                                       

 a = Π – Π * (
𝑖𝑡𝑒𝑟

𝑚𝑎𝑥𝑖𝑡𝑒𝑟
)

2

                              (8)   

                                 

       P = 1- 0.9√
𝑖𝑡𝑒𝑟

𝑚𝑎𝑥𝑖𝑡𝑒𝑟
                                    (9)                            

 

░ 5. GRID SIDE CONVERTER 

CONTROLLER  
A hybrid AC/DC microgrid that combines solar photovoltaic 

panels, wind-powered permanent magnet synchronous 

generators, and a battery energy storage system via a shared DC-

link is suggested as a solution to these issues [8],[9]. This setup 

improves system efficiency overall and lowers energy 

conversion losses.  In order to mitigate the voltage sags, swells, 

and current harmonics, the design employs a Distributed Power 

Flow Controller (DPFC) to regulate active and reactive power.  

Because of its special design, it can operate independently and 

flexibly without heavy DC linkages, which increases power. 
 

A battery energy storage system improves the microgrid's 

performance by stabilizing DC-link voltage during transient 

events, sustaining peak load circumstances, and supplying 

backup power during outages [10]. By transforming linked DC 

voltage into synchronized 3-Φ AC voltage for power exchange 

with the grid, the grid-side converter is essential to connecting 

the hybrid microgrid [11] to the utility grid. By controlling 

voltage and current, a double-loop control technique guarantees 

smooth operation even in the face of fluctuating load and 

generation circumstances.  

With an efficient energy management strategy that ensures 

appropriate distribution of AC and DC loads based on available 

renewable power and load demands, the proposed microgrid 

provides seamless operation under both grid-connected and 

islanded scenarios. Both linear and nonlinear loads are 

supported by the hybrid structure, and by stabilizing voltage 

profiles and lowering overall harmonic distortion, the DPFC 

greatly enhances power quality. 
 

 
 

Figure 5. The control diagram illustrating the centralized inverter's 

connection to the utility grid 
 

The renewable energy source's actual control is as follows: 
 

𝑃𝑔𝑒𝑛 = 𝑃𝑤𝑖𝑛𝑑 + 𝑃𝑠𝑜𝑙𝑎𝑟 + 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦                        (10) 
                          

Where 𝑃wind, 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦 , 𝑃solar  signify power produced by solar 

and wind, power deposited in battery. The local load's electricity 

consumption 𝑃𝑙𝑜𝑐𝑎𝑙  given by: 
 

𝑃𝑙𝑜𝑐𝑎𝑙 = 𝑃𝑎𝑐(𝑝𝑢𝑚𝑝 𝑙𝑜𝑎𝑑) + 𝑃𝑑𝑐(𝑑𝑐 𝑙𝑜𝑎𝑑)                    (11) 
                              

Where 𝑃𝑑𝑐(𝑑𝑐 𝑙𝑜𝑎𝑑) and 𝑃𝑎𝑐(𝑝𝑢𝑚𝑝 𝑙𝑜𝑎𝑑)  signify DC load and AC 

load respectively.  
 

The centralised inverters refer to active power injection is: 
 

𝑃𝑔
∗ = 𝑃𝑔𝑒𝑛 − 𝑃𝑙𝑜𝑐𝑎𝑙                       (12) 

                                            

Where 𝑃𝑔
∗ denotes position active power.  

 

The references for the d-q axis grid current are: 
 

𝑖𝑑𝑔
∗ =

𝑣ⅆ𝑔𝑃𝑔
∗−𝑣𝑞𝑔𝑄𝑔

∗

𝑣ⅆ𝑔
2 +𝑣𝑞𝑔

2                          (13)  

                                           

𝑖𝑞𝑔
∗ =

𝑣𝑞𝑔𝑃𝑔
∗−𝑣ⅆ𝑔𝑄𝑔

∗

𝑣ⅆ𝑔
2 +𝑣𝑞𝑔

2                (14) 

                                                       

On the d-q axis, the variables represent the standard grid current 

& reactive & active power, respectively. The variables vⅆg and 

vqg, on the other hand, indicate the grid voltage on the same d-q 

axis. 
 

To achieve the most efficient transfer of real power to the grid, 

it is essential to maximize the inductor currents along the 

reference d-q axis. Based on the real inductor currents, 

instantaneous d-q axis references, and actual grid currents, the 

following formula calculates the inductor currents through the 

d-q axis reference: 

 

PI

dq0

abc

Ia

Ib

Ic
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Energy 

manageme

nt of the 
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𝑖𝑑𝐿
∗ = 𝑖𝑑𝑔

∗ + 𝑖𝑐𝑑 = 𝑖𝑑𝑔
∗ + (𝑖𝑑𝐿 − 𝑖𝑑𝑔)              (15)  

                                            

𝑖𝑞𝐿
∗ = 𝑖𝑞𝑔

∗ + 𝑖𝑐𝑑 = 𝑖𝑞𝑔
∗ + (𝑖𝑞𝐿 − 𝑖𝑞𝑔)                     (16)   

                                 

Where 𝑖𝑑𝐿
∗ , 𝑖𝑞𝐿

∗  denote the reference inductor current on the d-q 

axis, 𝑖𝑑𝑔
∗ , 𝑖𝑞𝑔

∗  the grid current on the d-q axis, 𝑖𝑑𝐿 , 𝑖𝑞𝐿 the filter 

inductor current on the d-q axis, and 𝑖𝑐𝑑 , 𝑖𝑐𝑑 the filter capacitor 

current on the d-q axis may be found. The reference voltages for 

grid-side control are generated by the inward controller of loop 

current, which manages errors caused by current from inductor 

current. To keep the centralized inverter running reliably and 

steadily, they are used as: 
 

𝑣𝑑𝐿
∗ = 𝑘𝑝,𝑔𝑐(𝑖𝑑𝐿

∗ − 𝑖
.

𝑑𝐿) + 𝑘𝑖,𝑔𝑐∫ (𝑖𝑑𝐿
∗ − 𝑖𝑑𝐿)𝑑𝑡 − 𝜔𝐿𝑠𝑖𝑞𝐿 + 𝑣𝑐𝑑  

                                                                                             (17) 
                                                                             

𝑣𝑞𝐿
∗ = 𝑘𝑝,𝑔𝑐(𝑖𝑞𝐿

∗ − 𝑖
.

𝑞𝐿) + 𝑘𝑖,𝑔𝑐∫ (𝑖𝑞𝐿
∗ − 𝑖𝑞𝐿)𝑑𝑡 − 𝜔𝐿𝑠𝑖𝑑𝐿 + 𝑣𝑐𝑞   

                                                                                           (18)                                  
 

Here, 𝑣𝑑𝐿
∗ , and 𝑣𝑞𝐿

∗  stand for d-q axis inductor reference 

voltages, 𝑘𝑝,𝑔𝑐  for the grid current proportional gain controller, 

and 𝑘𝑖,𝑔𝑐  for the essential gain of the same controller. 

 

░ 6. DPFC SYSTEM MODELING AND 

ANALYSIS  
An innovative tool used in electrical power systems to improve 

power flow regulation, transmission reliability, and system 

flexibility is the Distributed Power Flow Controller (DPFC). It 

is a development of the Unified Power Flow Controller (UPFC), 

but by dividing up its functional components, it provides 

significant structural, financial, and reliability benefits. 
 

In addition to adding a third harmonic current to the system, the 

shunt converter keeps the bus voltage constant. By injecting 

voltage in series with the line, the series converters regulate the 

power flow and are connected to the line via single-phase 

transformers. Instead of using a direct DC link, the third 

harmonic current is used to transfer energy between series and 

shunt converters, which improves dependability and streamlines 

design. 
 

DPFC is able to achieve the intended design configuration 

through the use of shunt and series inverters. The connections 

on the CSC are arranged in a left shunt and right series 

configuration. We present a detailed analysis of the DPFC 

results in this chapter. The characteristics of the DPFC make it 

ideal for nonlinear and voltage-sensitive loads.  

(i) For non-linear loads, the source current harmonics are 

decreased and the utility current quality is enhanced.  
 

(ii) DPFC satisfies the load's VAR requirement. It assists in 

maintaining the source's voltage and current in phase with one 

another. 

(iii) It eliminates the requirement for extra instruments for 

adjusting power factor 
 

(iv) Regardless of source voltage fluctuations, the DPFC 

maintains the rated load end voltage. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Distributed power flow controllers 

 

The DPFC-PV-WE-ESS system combines renewable energy 

sources with advanced techniques for monitoring and 

compensating power quality disturbances. It effectively 

mitigates voltage issues such as sags, swells, harmonics, and 

flickers, thereby improving grid reliability and overall 

operational performance. Leveraging the distributed 

configuration of the DPFC which includes independently 

operating series and shunt converters the system enhances 

control flexibility and responsiveness. The shunt converter plays 

a key role by providing reactive power compensation and 

suppressing load current harmonics through the dynamic 

injection of compensating currents. This functionality ensures 

seamless integration of renewable sources such as photovoltaic 

panels for solar energy capture and wind turbines for converting 

wind energy into electricity. 

 

░ 7. RESULTS AND DISCUSSION  
To assess the efficacy of this proposed control technique, 

simulation tests are performed on a DC/AC hybrid microgrid, 

considering various wind speeds, irradiation levels, and 

fluctuating load situations. The system comprises an 8.4KW 

wind turbine, 4.5KW photovoltaic generating, a 2.2KW lithium-

ion battery storage system, a 7.4KW DC load, and a 2.2KW 

Permanent Magnet Synchronous Motor based water pump. The 

MATLAB/Simulink program is employed for the simulation 

analysis, which contrasts the proposed controller with 

conventional controllers [18] across several situations, 

including; (1) variations in wind speed & sun radiation. (2) 

Discrepancy in the Load. 

 

A. The system's performance under varying wind speeds and 

irradiation conditions. 
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(a) Wind Power Generation 

(b) Solar Power Generation 
Figure 7. Dynamic system performance at the power generation side under changing wind and radiation conditions. (a) wind power generation, 

(b) solar power generation 

 

The figure 7(a) shows the dynamic response of the wind energy conversion system (WECS) under a varying wind speed profile. At 

an average speed of 8 m/s, the PMSG-based turbine generates approximately 3.5 kW at a rotor speed of 100 rad/s. The MPPT 

algorithm in the machine-side converter continuously adjusts the operating point to track the maximum aerodynamic efficiency. 

The waveform clearly illustrates how the generator speed and power output rise or fall in accordance with instantaneous wind speed 

variations, confirming the responsiveness of the tip-speed ratio–based tracking scheme. The smooth power transition indicates 

proper DC-link stabilization through the bidirectional converter and an effective MSC control loop. 
 

Whereas figure 7(b) depicts the voltage, current, and power characteristics of the PV array under fluctuating solar irradiance. Under 

1000 W/m², the CSA-based MPPT extracts 5.6 kW, which is significantly higher than conventional controllers. The PV voltage 

stabilizes around 220 V, and the current reaches 20 A, confirming that the circle search MPPT successfully converges to the true 

maximum power operating point, even during rapid irradiance changes. The smooth power curve reflects the mitigation of 

oscillations typically seen in perturbation-based methods, demonstrating higher tracking precision and stability of the proposed 

algorithm. 
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B. Performance of the system for mitigation of power quality issues using DPFC 

At first, 15.1KW of power is generated by a wind turbine, solar panel, and battery, 7.4KW is used by the DC load, and 5.4KW is 

pumped into the grid. Then the performance of the total system is roughly 95.5%. Additionally, the system responds smoothly when 

the load condition changes due to the suggested controller, which also uses DPFC to eliminate power quality problems. 

 

 
Figure 8. Grid current and voltage before compensation 

 

Figure 8 shows the uncompensated grid voltage and current waveforms where sag and swell disturbances are visible at different 

time instants. A voltage sag is observed from 0 to 1.3ms, representing a temporary reduction in the system voltage due to sudden 

load increase or source disturbance. A voltage swell occurs between 0.5 and 0.7ms, caused by a decrease in load or transient energy 

injection. 
 

These deviations directly propagate into the grid current, showing distortion and imbalance. The figure highlights the severity of 

unmitigated power quality issues in renewable-integrated microgrids and establishes the necessity for DPFC compensation. 

 

 
Figure 9. Grid voltage, Series injected voltage, N_L load, Linear Load current 
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This figure illustrates the action of the DPFC series converter, which injects a compensating voltage into the line to counteract the 

observed sag and swell. The injected voltage waveform is inverted and shifted appropriately to restore the grid voltage to nominal 

levels. During sag periods, the series converter injects positive voltage to raise the line voltage. During swell periods, it injects 

negative voltage to suppress the excess voltage. The stabilized load voltage waveform confirms the accurate synchronization of the 

series converter and demonstrates effective mitigation of both linear and nonlinear load distortions. 
 

 
Figure 10. Grid voltage, Shunt injected current, N_L load, Linear Load current 

 

Figure 10 presents the action of the DPFC shunt converter, which injects compensating current into the grid to correct current-

related disturbances. A sag between 0.25–0.35 s and swell between 0.45–0.75s are clearly observed. The shunt converter injects a 

harmonic-suppressing and reactive power compensating current that forces the grid current into a clean sinusoidal waveform. The 

improvement is evident as the compensated current closely aligns in phase with the restored grid voltage, indicating proper 

reactive power support and harmonic cancellation. 
 

 
Figure 11. Grid voltage and current after compensation 
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This figure demonstrates the final grid voltage and current waveform after both series and shunt DPFC compensation. The voltage 

waveform is completely restored to its nominal magnitude without any sag or swell. The grid current becomes purely sinusoidal 

with proper phase alignment, confirming elimination of harmonics and reactive components. This figure validates that DPFC 

achieves full PQ restoration under dynamic load and supply disturbances, enabling stable grid operation.   

Figure 12. Battery power of the EV  

 

Figure 12 displays the power flow pattern of the EV battery connected through the DC link of the DPFC. The Negative values 

indicate charging, meaning the battery absorbs power from the microgrid. The Positive values indicate discharging, meaning the 

battery supplies power back to the system. The transitions between charging and discharging highlight the successful coordination 

between renewable power availability, load demand, and storage requirements. This confirms the effectiveness of the energy 

management strategy in maintaining DC-link stability. 
 

 
(a) Without Compensation of Harmonic Current 

 

 
 

(b) With Compensation of Harmonic Current 
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(c) Without Compensation of Load Harmonic 

 
(d) with Compensation of Load Harmonic 

Figure 13. Harmonic analysis of without and with DPFC 

 

This multi-part figure illustrates the harmonic spectrum of the 

grid current and load current before and after compensation:(a) 

Grid Harmonics Without Compensation The THD is around 

17.14%, showing significant distortion due to nonlinear 

loads.(b) Grid Harmonics With Compensation After applying 

shunt compensation, THD reduces to 3.56%, within IEEE-519 

limits.(c) Load Harmonics Without Compensation The 

nonlinear load draws highly distorted current with a THD of 

23.03%.(d) Load Harmonics With Compensation Series–shunt 

DPFC compensation reduces THD to 0.76%, confirming 

excellent harmonic filtering capability. 

 

░ TABLE 1. Performance assessment of the suggested using 

the traditional MPPT method [18] 
 

 

Solar Irradiation  Proposed    Conventional 

Solar Power 5.6KW at 1000W/m2 
4350W at 

1000W/m2 

Solar Current   20A   18.4A 

Solar Voltage  220V   160V 

 

 

 

░ TABLE 2. THD Comparison Using DPFC with and 

Without Compensation 
 

Total harmonics 

distortion 

without 

compensation  

 with 

compensation 

Harmonic Current  17.14%   3.56% 

Load Harmonics  23.03%  0.76% 

 

░ 8. CONCLUSION  
This work presented a coordinated control strategy for a hybrid 

DC/AC microgrid integrating solar PV, wind energy, and a 

battery energy storage system, enhanced with a Distributed 

Power Flow Controller (DPFC) for power quality improvement. 

The major technical contributions include the development of a 

Circle Search Algorithm (CSA) based MPPT for PV systems, a 

tip-speed ratio–based controller for PMSG wind turbines, and a 

dual-loop inverter control scheme that ensures optimal power 

flow between renewable sources, storage, and the utility grid. 

The proposed system demonstrates significant system-level 

benefits by maintaining a stable DC-link voltage, ensuring 

reliable power delivery to AC and DC loads, and enabling 

seamless grid-connected and islanded operation. The 

coordinated control enhances renewable energy utilization, 
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reduces dependency on the utility grid, and ensures smooth load-

sharing among PV, wind, and battery units. 
 

Quantitative results confirm notable improvements in power 

quality. Harmonic distortion is reduced from 17.14% to 3.56% 

in grid current and from 23.03% to 0.76% in load current, 

meeting IEEE-519 standards. Likewise, the CSA-based MPPT 

increases PV power extraction to 5.6 kW, outperforming 

conventional techniques. Voltage sag and swell disturbances are 

effectively compensated by the DPFC, restoring the grid voltage 

to nominal levels and improving current sinusoidal. The 

validated simulation results under varying wind speed, 

fluctuating irradiance, and load disturbances demonstrate the 

practical applicability of the proposed system for real-world 

renewable-integrated distribution networks. Overall, the 

proposed coordinated control and DPFC-driven compensation 

framework significantly enhances the stability, reliability, and 

power quality of hybrid microgrid systems. 
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