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   A multi-active full bridge converter is a type of DC-DC converter typically used in high-

power applications like renewable energy systems, electric vehicles, or uninterruptible 

power supplies. Four switches (often MOSFETs or IGBTs) grouped in an H-bridge 

configuration make up the full bridge topology. The term "multi-active" implies that the 

power conversion involves a number of active components, which may indicate 

complicated switching management for improved efficiency and regulation. Changing the 

phase shift between two switch pairs is how phase-shifted full-bridge converters are 

controlled. Without altering the switching frequency, the output voltage can be controlled 

by adjusting the phase difference between the bridge's two legs (S1-S4 and S2-S3). To 

lower switching losses, soft switching strategies like ZVS or ZCS might be used.  
improving overall efficiency. In this approach, the current through the switches is 

monitored and controlled to improve transient response and stability. Typically 

implemented in combination with voltage mode control, it ensures better regulation, 

especially in systems with fast load changes. The secondary side full bridge switches are 

controlled by current feedback phase delay controller which restricts the battery charge 

current. Each EV battery has its own charge current limit which is set in the current 

controller for battery protection. The controlled charge current improves the charge 

efficiency of the EV battery increasing the reliability of the cells and the overall circuit. 

The charge control which is a conventional PI controller is further updated with ANFIS for 

better stability in the EV battery charging current. A comparative analysis with PI and 

ANFIS controllers is proposed and the results are generated with same rating of EV 

batteries and system parameters.   
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I. INTRODUCTION 

 

As per the present climatic conditions we are at verge of 

crossing temperature limits due to global warming caused by 

carbon emissions. The carbon emissions are majorly caused by 

the industrial manufacturing plants which need to be limited. 

Another major reason for the emissions is transportation using 

fossil fuel vehicles for domestic and commercial purposes [1].  

The utilization of petrol or diesel engines in the vehicles 

is leading to extreme climatic conditions causing health issues for 

all the living beings on the planet. It is very vital to replace these 

vehicles with zero carbon emission vehicles which run on 

complete electrical power. This can be achieved by electrical 

vehicles (EVs) which operate by electrical motor drive. The 

electrical motor receives power from mobile battery pack 

(combination of several battery cells) which need to be charged 

[2]. Charging the EV battery pack using conventional power 

generation sources like coal plants or diesel generators is 

considered to be futile [3] 

Therefore, these battery packs need to be charged using 

renewable sources like solar generation plants, wind farms, bio 

gas plants, tidal energy etc. The renewable sources are inter 
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connected to the conventional grid which shares power to the 

local loads or EV charging stations or to the other grid network as 

per the demand [4]. Grid interconnection of renewable sources 

creates stable operation of the network as the renewable sources 

are unpredictable. However, in remote areas the grid availability 

cannot be expected as the transmission lines may not reach some 

localities. 

Therefore, backup storage devices need to be installed 

along with the renewable sources for voltage and power stability 

[5]. High capacity back up storage devices like battery modules 

are associated with the renewable source for storing or providing 

power as per requirement. A local load is connected to this 

network with an inverter operated by Sin PWM technique to 

ensure Sinusoidal AC generation from the DC power generated 

by the PV plant and battery storage module. 

The load connected to the inverter is a static load which is 

operated at fundamental AC frequency of 50Hz [6]. At the DC 

common link an EV charging station is connected with multiple 

charging points for charging several EVs. The complete structure 

with standalone PV plant with battery storage module and EV 

charging station is presented in figure 1. 

 

 
Figure 1: Outline structure of standalone PV plant with EV 

charging station. 

Source: Authors, (2025). 

As presented in figure 1 the PV plant and battery storage 

are connected to DC-DC converters for power delivery and 

exchange. The PV plant uses ‘Bifacial PV module’ which has two 

panels connected back-to-back for more power generation than 

the conventional PV plant. The back panels have the capability to 

generate 20% extra PV power by the solar radiation reflection [7]. 

The Bifacial PV panels are connected to boost converter operated 

by MPPT controller for maximum power extraction from the 

panels. 

The storage battery module is connected to a 

bidirectional converter with power exchanging capabilities as per 

the demand and availability. The AC electrical load is a fixed 

value static load feeding from the DC common link. The EV 

charging station connected at the DC common link has Multi 

Active Full Bridge (MAFB) converter exchanging power between 

the DC common link and EV batteries [8]. 

The MAFB has the capability to operate in G2V (Grid to 

Vehicle) and V2G (Vehicle to Grid) modes as per the 

requirement. The charging and discharging currents of the MAFB 

converter circuit is controlled by individual current regulators. 

The MAFB is operated by phase shift pulse modulation (PS-PM) 

technique which creates phase delay in the pulses of the active 

switches of the full bridges [9]. The phase delay value in the PS-

PM technique is generated by the current regulator integrated in 

the controller. Initially the current regulator considered is a PI 

regulator which has more damping. Due to the heavy damping in 

PI regulator, the battery currents have more oscillations and 

ripple. Therefore, the PI regulator is replaced with ANFIS current 

regulator with optimal damping creating robust phase shift signal 

for the switches. This reduces the oscillations and ripple in the 

battery currents [10]. 

This paper is organized with introduction to the proposed 

structure of the PV standalone system with EV charging station in 

section 1. The section 2 is included with configuration of the 

complete system with design of the circuits and controllers used 

for the stabilization of the system. The EV charging module 

MAFB converter circuit with PI and ANFIS current regulators 

designs are discussed in section 3. The following section 4 has the 

results analysis of the simulations designed and modelled 

operating in different operating conditions. A simulation 

comparative analysis is presented in this section 4 followed by 

conclusion in section 5 validating the optimal controller. The 

references cited in the paper are included at the end of the paper 

after section 5. 

II. CONFIGURATION PROOSED SYSTEM 

As previously mentioned, charging the EV battery packs 

by the conventional fossil fuel sources is futile. Therefore, 

renewable sources need to be installed in the system operating in 

standalone mode. In the proposed system a standalone PV source 

is installed for sharing power to the local load and EV charging 

station for charging the battery pack with renewable power. The 

PV sources use Bifacial PV panels for extra renewable power 

generation with the same solar irradiation. 

Due to the Bifacial structure of the PV panels a 20% 

extra power is generated from the PV plant. Bifacial PV arrays 

are solar panels capable of generating electricity from sunlight on 

both their front and rear sides [11]. These panels capture sunlight 

directly on the front while also utilizing reflected or diffused light 

on the rear. As a result, bifacial PV panels can produce more 

electricity per panel, particularly in environments with high 

albedo, such as snowy areas, sandy locations, or on white roofs. 

Bifacial solar panels can achieve 10–30% more energy 

output compared to traditional single-faced panels, depending on 

installation and the albedo (reflectivity) of the ground surface 

[12]. This increased energy generation per panel reduces the 

overall cost of electricity over the system's lifetime, allowing for 

fewer panels or less land to achieve the same energy output as 

single-faced systems. Many bifacial panels are constructed with 

glass on both sides, which makes them more durable and resistant 

to environmental stressors such as humidity, UV radiation, and 

mechanical loads. 

As a result, they tend to degrade more slowly over time, 

ensuring consistent performance. Bifacial panels can be 

effectively used in various applications, including carports, 

pergolas, or other elevated structures where the rear side can 

receive significant reflected or diffused light [13]. They also 

perform well under cloudy conditions or in areas with 

considerable diffused sunlight, as both sides of the panel can 

contribute to energy generation. 

Standalone photovoltaic (PV) systems, also known as 

off-grid solar systems, operate independently of the utility grid. 

While they provide a clean and renewable energy source, they 

also have some drawbacks and challenges [14]. These systems are 

typically designed to meet a specific energy demand. If energy 

consumption exceeds the system's capacity, upgrades will be 

necessary. Users must manage their energy use carefully to avoid 
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overloading the system, particularly during peak consumption 

times. 

To ensure reliable performance throughout the year, 

standalone systems are often oversized, which can lead to higher 

initial costs and potential energy waste during peak sunlight 

periods [15]. Additionally, these systems are generally not 

suitable for powering high-energy equipment or industrial 

applications without significant scaling. To maintain consistent 

power availability, standalone systems require batteries to store 

energy generated during sunny periods and provide power during 

times of lower generation. The circuit structure of the PV panels 

standalone system with battery storage backup feeding the local 

load and EV charging station is presented in figure 2.  

As observed in figure 2, Bifacial PV array is connected 

to single switch boost converter which is operated using P&O 

MPPT technique [16]. The duty ratio of the switch is changed as 

per the voltage and current of the Bifacial PV array which is 

dependent on solar irradiation. The change in duty ratio is given 

as:  

 
𝐷(𝑛) = 𝐷(𝑛 − 1) +

∫ ∆𝐷  {
𝐼𝑓 𝑃𝑝𝑣(𝑛) > 𝑃𝑝𝑣(𝑛 − 1) 𝑎𝑛𝑑 𝑉𝑝𝑣(𝑛) > 𝑉𝑝𝑣(𝑛 − 1)

𝐼𝑓 𝑃𝑝𝑣(𝑛) < 𝑃𝑝𝑣(𝑛 − 1)𝑎𝑚𝑑 𝑉𝑝𝑣(𝑛) < 𝑉𝑝𝑣(𝑛 − 1)
}   (1) 

𝐷(𝑛) = 𝐷(𝑛 − 1) −

∫ ∆𝐷  {
𝐼𝑓 𝑃𝑝𝑣(𝑛) < 𝑃𝑝𝑣(𝑛 − 1) 𝑎𝑛𝑑 𝑉𝑝𝑣(𝑛) > 𝑉𝑝𝑣(𝑛 − 1)

𝐼𝑓 𝑃𝑝𝑣(𝑛) > 𝑃𝑝𝑣(𝑛 − 1)𝑎𝑚𝑑 𝑉𝑝𝑣(𝑛) < 𝑉𝑝𝑣(𝑛 − 1)
}   (2) 

Figure 2: Circuit structure of standalone PV source with battery 

backup storage. 

Source: Authors, (2025). 

The previous duty ratio 𝐷(𝑛 − 1) is updated by an 

integrated ∆𝐷 value either adding or subtracting the previous duty 

ratio. Here, 𝑃𝑝𝑣(𝑛) and 𝑃𝑝𝑣(𝑛 − 1) are the present and previous 

values of Bifacial PV array power. 𝑉𝑝𝑣(𝑛) and 𝑉𝑝𝑣(𝑛 − 1) are 

the present and previous values of Bifacial PV array voltage.  

On the other hand, the battery storage is connected to 

bidirectional converter with two switches connected in the circuit 

[17]. These two switches are operated alternatively using voltage 

regulator controller. This voltage regulator controller maintains 

the DC common link voltage at specified reference value for 

stability system voltages [18]. The voltage regulator controller for 

the battery storage circuit is presented in figure 3.  

 
Figure 3: Voltage  regulator controller. 

Source: Authors, (2025). 

As per figure 3, the reference DC common link voltage (Vdc*) 

are compared to measured DC link voltage generating error 

voltage (Ve). The Ve signal is given to voltage regulator 

controller to generate duty ratio (Vcc) of the switch Sw1. The Vcc 

is compared to sawtooth generator for generating pulses to the Sw1 

and the NOT gate signal is set to Sw2. Here, the voltage regulator 

controller is PI controller with tuned Kpdc and Kidc (Proportional 

and Integral) gains set as per the DC common link voltage 

stability [19]. The duty ration Vcc is given as:  

𝑉𝑐𝑐 = (𝑉𝑑𝑐
∗ − 𝑉𝑑𝑐) (𝐾𝑝𝑑𝑐 +

𝐾𝑖𝑑𝑐

𝑠
)  (3) 

The stabilized DC common link voltage is fed to three 

phase inverter converting DC to three phase AC feeding the local 

load. The three-phase inverter is controlled by Sin PWM 

technique which generates pulses to the switches by comparing 

three phase Sinusoidal signals with high frequency triangular 

waveform.  

III. MAFB CONTROL DESIGN 

In the proposed system the EV charging station 

connected at the DC common link has multiple bidirectional 

converters [20]. The conventional bidirectional converter with 

two switches has very high-power loss, high ripple and lesser 

efficiency. This converter is replaced with dual active full bridge 

converters for better efficiency, less ripple and reduced power 

loss. 

As the dual active full bridge converter has single input 

and single output terminals, several converters need to be 

connected individually to each EV battery for exchanging power. 

This increases the number of components in the charging station 

which leads to initial installation cost. Therefore, multiple dual 

active full bridge circuits are replaced with a single Multi active 

full bridge (MAFB) topology with single input and multi output 

terminals [21].  

A MAFB topology is a type of DC-DC power converter 

that is widely used in high-power applications, including 

renewable energy systems, electric vehicle chargers, 

uninterruptible power supplies (UPS), and industrial power 

systems. This design is based on the conventional full-bridge 

topology but incorporates advanced techniques to enhance 

efficiency, reduce losses, and facilitate bidirectional power 

transfer. This makes it particularly useful in systems like battery 

storage, where energy needs to flow in both directions for 

charging and discharging. 

The basic topology consists of four active switches, 

typically MOSFETs or IGBTs, arranged in a full-bridge structure. 

These switches alternate between on and off states to generate a 

high-frequency AC signal [22]. A High-Frequency Transformer 

(HFT) is employed to provide galvanic isolation between the 

input and output, while also allowing for voltage scaling (either 

stepping up or stepping down) based on the turns ratio.  
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The converter is capable of operating in both 

rectification and inversion modes, making it ideal for systems like 

energy storage, where power must flow in either direction. 

Techniques such as Zero Voltage Switching (ZVS) and Zero 

Current Switching (ZCS) are utilized to minimize switching 

losses and enhance overall efficiency, particularly at high 

frequencies. 

The converter can incorporate advanced control 

strategies like PS-PM to achieve precise regulation of output 

voltage and current [23]. The MAFB is a versatile and efficient 

solution that meets the growing demand for high-performance and 

reliable power converters in modern applications. Its ability to 

manage bidirectional power flow and maintain high efficiency 

makes it a foundational technology in the field of power 

electronics. The circuit of the MAFB topology connected at the 

DC common link of the standalone system is shown in figure 4.  

The input DC voltage is applied to a full-bridge circuit, 

which is made up of four active switches (either MOSFETs or 

IGBTs) arranged in an "H" configuration. By alternately turning 

these switches on and off in a specific pattern, a high-frequency 

square-wave AC signal is generated at the output of the bridge. 

This switching frequency is typically high, ranging from tens to 

hundreds of kilohertz, which helps reduce the size of the 

transformer and other passive components [24]. The high-

frequency AC produced by the full-bridge circuit is then fed into a 

HFT. 

 

 
Figure 4: MAFB circuit topology for EV charging station. 

Source: Authors, (2025). 

Depending on the application and the turns ratio of the 

transformer, it can step the voltage up or down. The transformer 

also provides electrical isolation between the input and output, 

enhancing safety and noise suppression. On the secondary side of 

the transformer, the high-frequency AC is rectified back into DC 

using diodes or synchronous rectifiers. The resulting rectified 

output is then processed through a filtering stage, usually 

composed of capacitors and inductors, to smooth out any ripples 

and produce a stable DC output voltage.  

The MAFB can be operated in both directions which can 

charge and discharge the EV batteries as per the requirement. 

During charging of the EV batteries, the mode is preferred as 

G2V and during discharging of EV batteries the mode is preferred 

as V2G. In G2V mode the power from the PV source or the 

battery storage module charges the EV batteries. And during V2G 

mode the EV batteries provide power to the local load or charge 

the storage battery [25]. 

These modes are controlled by PS-PM technique which 

creates phase delay in the pulses which receives power. The 

switching pulses of full bridge which delivers power always lead 

to the switching pulses of full bridge which receives power. The 

phase delay in the switching pulses of the receiving full bridge 

varies the voltage developed at the output terminals. 

For higher phase delay, high voltage magnitude is 

generated at the output of the receiving full bridge. Therefore, by 

varying the phase delay of the switches, regulates the EV battery 

charging current [26]. The phase delay signal is generated by a 

phase delay regulator controller which defines the phase delay 

angle of the switches. The control structure of the phase delay 

current regulator is presented in figure 5.  

 

 
Figure 5: Phase delay regulator controller of MAFB circuit. 

Source: Authors, (2025). 

The controller presented in figure 5 comprises of a fixed 

duty ratio (50%) pulse generator producing pulses at high 

frequency of 20kHz. This pulse is directly fed to the sending end 

full bridge switches S1 S4 and with 50% phase delay to switches 

S2 S3. The phase shift angle for the receiving end full bridge 

switches is generated by the Phase delay regulator with maximum 

value of 90degress. 

The regulator receives error current signal (Ie) by 

comparison of reference battery current (Ibat ref) and measured 

battery current (Ibat) of the EV battery pack. The Phase delay 

regulator is a PI controller with optimal Kpph and Kiph values 

which are tuned as per the current response of the EV battery 

pack. The phase delay signal ‘Ph’ is given as:  
 

𝑃ℎ = (𝐼𝑏𝑎𝑡 𝑟𝑒𝑓 − 𝐼𝑏𝑎𝑡) (𝐾𝑝𝑝ℎ +
𝐾𝑖𝑝ℎ

𝑠
)  (4) 

PI controllers are not ideal for systems with rapidly 

changing dynamics or significant disturbances. They can 

experience overshoot or oscillations during transient conditions, 

especially if the controller gains are not tuned properly. Unlike 

more advanced controllers, such as PID or model-based 

controllers, PI controllers cannot predict future errors or anticipate 

changes in system behaviour.  

This lack of predictive capability often results in slower 

response times in dynamic systems. The integral term in the PI 

controller accumulates error over time, which may lead to delayed 

corrective actions in the face of sudden disturbances. Therefore, 

proper tuning of the proportional (P) and integral (I) gains is 

essential for optimal performance. If these gains are not tuned 

correctly, the controller may exhibit problems such as instability, 

sluggishness, or excessive overshoot. Therefore, the conventional 

PI controller is replaced with advanced controller ANFIS 
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regulator for generating the phase delay angle of the receiving end 

full bridge switches [27].  

The ANFIS is a hybrid model that merges the learning 

capabilities of neural networks with the reasoning abilities of 

fuzzy logic. It is commonly used in applications that require 

intelligent, adaptive, and efficient control or prediction systems. 

ANFIS automatically adjusts membership functions and fuzzy 

rules based on input-output data, which enhances its performance 

in dynamic or complex environments. 

This system is particularly effective for modelling and 

controlling highly nonlinear systems, where traditional methods 

often struggle. During the training process, ANFIS optimizes its 

parameters, such as membership functions and rule weights, 

making it self-tuning and reducing the need for manual 

adjustments [27].  

By integrating the interpretability of fuzzy logic with the 

learning capabilities of neural networks, ANFIS enhances 

decision-making in uncertain or ambiguous situations. The 

proposed ANFIS regulator comprises single input and single 

output variables. The input variable ‘E’ and output variable ‘Ph’ 

are added with seven membership functions (MFs) in each 

variable. 

The input MFs are added with ‘triangular’ shape and the 

output MFs are constants. The input variable is set with a range of 

-100 to 100, considered as per the maximum and minimum error 

current. The phase delay Ph is set with a range from -0.0001 to 

0.0001, set as the per the response of the controller. The MFs of 

the two variables ‘E’ and ‘Ph’ are presented in figure 6. 

 

 
Figure 6: ANFIS variable MFs. 

Source: Authors, (2025). 

Each MF is defined with specific name given as per the 

position of the MF in the given range. On the negative side 

(below zero) MFs are named as NB (Negative Big), NM 

(Negative Medium) and NS (Negative Small). And on the 

positive side (above zero) are named as PS (Positive Small), 

Positive Medium (PM) and PB (Positive Big). However, the MF 

at the centre is named as ZE (Zero). Each MF convers a specific 

range which defines the input signals MF. 

The output value is generated by rule base of the ANFIS 

controller given as per the requirement. The rule base used in the 

ANFIS modelling is ‘Linear rule base’ with only seven rules set 

as per the input and output MFs. The ANFIS is then trained using 

‘back propagation’ optimization technique in the tool with the 

data provided by the input and output of the PI regulator [28]. The 

new trained data of the ANFIS tool can be observed in figure 7.  

 

 
Figure 7: ANFIS trained data. 

Source: Authors, (2025). 

This trained ANFIS data is exported to the current 

regulator of the MAFB phase delay controller. The ANFIS phase 

delay regulator generates a stable, less oscillations phase delay 

signal controlling the full bridge converter with more stability. 

This reduces the ripple and response time of the EV battery 

current for the same reference signal of the controller. A 

comparative analysis between both the phase delay regulators (PI 

and ANFIS) is included in following section. 

IV. SIMULATION ANALYSIS 

The simulation modeling of the proposed standalone 

Bifacial PV array with battery backup storage module connected 

to local load and EV charging station in done using Simulink 

blocks of MATLAB software. The main blocks are taken from 

the Simulink library of ‘Electrical’ sub category and control 

blocks are taken from ‘Continuous’ and ‘Signal routing’ sub 

categories. The simulation blocks are updated as per the 

parameters given in table 1. 

Table 1: Simulation parameters. 

Name of the module Parameters 

Bifacial solar module 

Vmp = 76.7V, Imp = 5.8A,  Voc = 90.5V, Isc = 6.21A, Ns = 4, Np = 40, Ppv front = 71.2kW, Ppv back= 

71.2kW * 0.2 = 14.2kW, Boost converter: Cin = 100µF, Lb=1mH, Cdc = 12mF, MPPT ∆𝐷=0.05, 
MPPT gain = 5, Dint = 0.5, fs = 5kHz. 

Battery storage module 
Vnom = 500V, Capacity = 200Ah, SOCint = 90% Bidirectional converter: Lbb = 161.95µH, Cout = 
220µF, Vdcref = 725V, Kp = 0.02, Ki = 0.0023, fc = 5kHz.  

Local load Three phase Sinusoidal inverter-controlled load = 10kW  

Conventional EV charging station Cin = 220µF, Lbdc = 161.95µH, Rigbt = 1mΩ, Cout = 0.52443mF, Kpi = 2, Kii = 0.0023, fsw = 5kHz.  

MAFB EV charging station 
Rigbt = 1mΩ, HFTF: Pn = 100kVA, fn = 50kHz, 1:1, Rn = 0.1Ω, Ln = 2µH, Rm = 500Ω, Lm = 1mH.  

Kpph = 0.01e-6; Kiph = 7e-7 

EV batteries 
EV1 - BMW i3 2019: Vnom = 353V, Capacity = 120Ah EV2 - Volkawagen e-golf: Vnom=323V, 

Capacity = 110Ah EV3 - Fiat 500e: Vnom = 364V, Capacity = 66Ah 

Source: Authors, (2025). 
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With the given simulation parameters the model is 

updated and the simulation of the model is run with G2V and 

V2G modes for 1sec simulation time. The graphs of each module 

are presented in both operating modes of the MAFB showing the 

versatility of the converter. All the graphs of the voltages, 

currents and powers are plotted with time as reference.  

The figure 8 represents the characteristics of Bifacial PV 

source with constant solar irradiation of 1000W/m2. The voltage 

of the Bifacial PV array is set at 300V and the combined currents 

of front and back panels is 280A. The figure 9 represents the 

characteristics of storage battery pack. Initially the battery storage 

discharges to stabilize the DC common link voltage which later 

on charges with the excess PV power generated. The charging of 

the battery is represented by negative current direction of 40A and 

raising SOC (State of Charge).  

 

 
Figure 8: Bifacial PV array characteristics. 

Source: Authors, (2025). 

The figure 8 represents the characteristics of Bifacial PV 

source with constant solar irradiation of 1000W/m2. The voltage 

of the Bifacial PV array is set at 300V and the combined currents 

of front and back panels is 280A. The figure 9 represents the 

characteristics of storage battery pack. Initially the battery storage 

discharges to stabilize the DC common link voltage which later 

on charges with the excess PV power generated. The charging of 

the battery is represented by negative current direction of 40A and 

raising SOC (State of Charge).  

Figure9: Storage battery module characteristics during G2V mode 

Source: Authors, (2025). 

 
Figure 10: Active powers of Bifacial PV array, battery, load and 

DC common voltage during G2V 

The active powers of all the modules are presented in 

figure 10 when the MAFB is operated in G2V mode. In this mode 

the power from the DC common link is transferred to the EV 

batteries with phase delay controller limiting the charging 

currents of the batteries. The total power generated by the Bifacial 

PV array is noted to be 82kW from which 10kW is consumed by 

local load, 44kW is consumed by EV charging station and the 

battery storage charges with 21kW. 

Here, the missing 7kW is considered to be conversion 

loss or conduction loss of the components used in the system. The 

figure 11 represents the charging active powers of each EV 

battery connected on the secondary side of the MAFB. As per the 

limiting reference current set at 40A in the current controller the 

EV1 and EV3 battery takes 15kW, EV2 takes 14kW with a 

complete consumption of 44kW by the charging station.  

 

 
Figure 11: Active powers of EVs during G2V mode 

Source: Authors, (2025). 
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Figure 12: Phase delay time of EV full bridges switches during 

G2V mode. 

Source: Authors, (2025). 

The figure 12 shows the phase delays of each full bridge 

switches which is generated by the phase delay regulator 

controller. This time delay is caused in the pulses of the 

secondary bridges to ensure power consumption from the primary 

side winding of the HFT. In the next operating mode, the system 

is now operated in V2G mode where all the EVs are discharged 

injecting power to the battery storage module connected at the DC 

common link. 

The figure 13 has the graphs of all the modules when 

operating in V2G mode. The Bifacial PV power and local load 

power are intact with 82kW and 10kW respectively. The battery 

power is increased to 140kW negative direction representing 

charging from PV panels and EV batteries. Adding the both the 

PV source power of 72kW after local load consumption and total 

EV charging station power of 80kW charges the battery storage 

with 140kW. Here, the conversion loss is 12kW in V2G mode. 

 

Figure 13: Active powers of Bifacial PV array, battery, load and 

DC common voltage during V2G. 

Figure 14: Active powers of EVs during V2G mode. 

Source: Authors, (2025). 

As per figure 14 each EV battery is discharged with 

powers around 30kW with a total discharge power of 90kW 

injected to the DC common link in V2G mode. The phase delay 

time generated by the phase delay regulator controller in V2G 

mode is presented in figure 15 

Figure 15: Phase delay time of DC common link connected full 

bridge during V2G mode. 

Source: Authors, (2025). 

The phase delay regulators are now updated with ANFIS 

replacing the PI controller and the simulation is run for the same 

ratings of the system and modes. The battery currents comparison 

with both the controllers can be observed in figure 16 and 17 in 

G2V and V2G modes respectively.  

Figure 16: EV battery current comparison during G2V mode 

Source: Authors, (2025). 
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Figure 17: DC common link side full bridge output current 

comparison during V2G mode. 

Source: Authors, (2025). 

As observed from the battery current and primary full 

bridge currents in figure 16 and 17, the ripple and settling time 

are drastically reduced when the phase delay regulator is operated 

by ANFIS controller. This creates stability in the battery cells and 

the voltages of the system making it more robust to the changes 

occur in the circuits. The table 2 and 3 are the parametric 

comparison of the battery current characteristics in both operating 

modes G2V and V2G.  

Table 2: Current characteristics comparison in G2V mode. 

Name of the parameter PI ANFIS 

Peak overshoot 47A 45A 

Actual value 41A 39.5A 

Settling time 0.2sec 0.03sec 

Ripple 7.6% 3.8% 

Source: Authors, (2025). 

Table 3: Current characteristics comparison in V2G mode. 

Name of the parameter PI ANFIS 

Peak overshoot 150A 155A 

Actual value 95A 90A 

Settling time 0.02sec 0.003sec 

Ripple 10.5% 3.2% 

Source: Authors, (2025). 

V. CONCLUSIONS 

The implementation of standalone Bifacial PV source 

with battery storage backup connected to local AC load and EV 

charging station is successfully implemented. The conventional 

EV charging station with traditional bidirectional converter is 

replaced with MAFB topology with single input and multi output 

ports. The primary side full bridge of the MAFB is connected to 

DC common link where PV source, battery storage and local load 

are parallelly connected. 

The MAFB topology has the capability to operate in both 

directions charging and discharging the EV batteries as per the 

requirement.The phase delay regulator controller of the MAFB is 

designed with PI regulator initially for limiting the charge and 

discharged currents of the EV batteries. Due to high damping of 

the controller more oscillations are generated in the phase delay 

time signal leading to higher ripple and settling time in the battery 

currents. 

The PI controller is later replaced by ANFIS regulator 

for controlling the phase delay time value improving the EV 

battery current and full bridge current characteristics. As per the 

table 2 and 3 operating the MAFB with PI and ANFIS regulators 

in both G2V and V2G modes it is observed that there is a 

significant improvement in the current characteristics when 

operating with ANFIS controller. There is a drastic drop in ripple 

and settling time of the EV batteries and output current of the 

primary bridge when the MAFB is operated with ANFIS 

regulator. The current regulator can further be updated with 

adaptive controllers to reduce the peak overshoot and ripple 

content to lower values to ensure more stability of the EV battery 

units.  
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