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Abstract—This study examines the design and performance comparison of 

Proportional-Integral (PI) and Fuzzy Logic Controllers (FLC) for a Dual Active Bridge 
(DAB) converter, specifically within the framework of solar-integrated off-board fast 
charging for electric vehicles (EVs). The main goal is to create and assess control 
strategies that facilitate efficient and stable power transfer between the PV System and 
the EV battery, effectively managing the challenges associated with fluctuating solar 
irradiance and changing battery load conditions. The approach includes designing both 
PI and FLC controllers specifically for the DAB converter and then conducting a 
simulation-based assessment across various operating conditions. The PI controller is 
adjusted using traditional tuning methods, whereas the FLC is crafted to handle the 
system's nonlinearities. The evaluation focuses on key performance indicators such as 
voltage regulation, response time, and overall system performance. The results indicate 
that although PI controller performs adequately in steady-state scenarios, the FLC 
outperforms it in terms of dynamic response, especially when managing disturbances 
and system uncertainties. Additionally, the FLC improves the overall efficiency of the 
solar-powered charging system by optimizing power flow amidst fluctuating solar input 
and load conditions. The innovation of this study is rooted in applying a FLC to a DAB 
converter within the unique setting of solar-integrated fast charging for EVs, an area that 
appears underexplored in current literature. The proposed FLC provides a strong solution 
to the challenges of incorporating renewable energy into fast EV charging systems, 
contributing to the development of more sustainable and dependable charging 
infrastructure. 

Keywords— Dual Active Bridge Converter; Electric Vehicle (EV) Charging; Fuzzy 
Logic Controller; Renewable Energy Integration; Fast Charging 

 

I. INTRODUCTION  

In recent years, the global number of electric vehicle (EV) sales and the availability of public EV chargers for 
both slow and fast charging have grown exponentially. Between 2020 and 2024, the global electric vehicle (EV) 
stock surpassed fifteen million, marking a 43% growth compared to 2019. In spite of the difficulties caused by the 
COVID-19 pandemic, EV registrations have continued to rise in key markets around the world [1]. With growing 
concerns over the environmental damage caused by daily commutation, which accounts around 29% of global 
fossil fuel pollution, governments, industries, and academic institutions are collaborating to develop grid-
connected electric vehicle (EV) transportation systems aimed at significantly reducing fossil fuel consumption 
[2]. However, the broad adoption of electric vehicles (EVs) faces several obstacles, including technical, 
economic, and Policy-related challenges. Key issues such as the expensive cost of batteries, limited battery 
reliability, lifespan, concerns, shorter driving range, lengthy charging times, and the complexity of charging 
infrastructure are significant barriers to the growth of EV technology [3]. 
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Fig 1.Schematic diagram of considered system with DABC 

The current electricity sector could encounter issues if the EV charging infrastructure is not properly 
managed, as EV chargers generate harmful harmonics that can degrade power quality. Implementing harmonic 
compensation techniques is a viable solution to mitigate these effects [4]. EV chargers can be categorized as 
either on-board or off-board, with the ability to support both unidirectional and bidirectional power flow. Off-
board chargers are generally built to manage high power transfers between the grid and the EV, enabling fast and 
ultra-fast DC charging. In contrast, on-board chargers are generally used for lower-power AC charging, such as 
Level-1 and Level-2 charging. Several aspects of EV charging technology have been explored in existing 
literature. References [4] and [5] discuss the latest EV technologies and their effects on the grid, while [6] focuses 
on optimization methods for EV charging infrastructures. Studies in [7] and [8] provide a review of EV charging 
standards, infrastructure, and market analysis. However, these sources do not cover advanced and fuzzy control 
algorithms.  

Electric vehicle (EV) chargers are typically divided into two main types: on-board and off-board chargers. A 
detailed examination of EV charger topologies, power levels, and infrastructure is provided in [9], covering both 
on-board and off-board chargers, and addressing both unidirectional and bidirectional power flow configurations. 
Charging methods can be categorized into AC and DC types. AC charging typically refers to Level 1 and 2 
charging, which utilize on-board chargers. In contrast, DC charging is associated with Level 3, which necessitates 
the use of off-board chargers. The limited power capacity and lengthy charging times associated with Level 1 and 
2 AC chargers have spurred the advancement of Level 3 fast chargers. These chargers are capable of handling 
power levels between 50 kW and 300 kW, delivering DC voltage typically ranging from 300V to 800V. This 
allows them to charge current EV batteries in approximately 30 minutes. To help reduce range anxiety for EV 
drivers and enhance competition with the refueling process of conventional vehicles, DC fast charging has 
emerged as a viable solution. This technique can fully recharge EV batteries in just 10-15 minutes, utilizing 
power ratings of 400 kW or more [10]. 

The converters in off-board chargers must deliver a stable DC output voltage between 100V and 800V, 
tailored to the battery load. Additionally, the power conversion system should be capable of charging 80% of the 
battery within 30 to 40 minutes for batteries ranging from 20 to 50 kWh. To meet these demands, multilevel 
converters are utilized due to their ability to provide high power output. The rise of Vehicle-to-Grid (V2G) 
technology has led to the development of bidirectional active power converters that meet the specific needs of 
V2G systems, allowing power to be fed back into the grid [11]. An essential criterion for DC-DC converter in an 
off-board charger is to limit voltage ripple to and the current ripple to 1%, ensuring both the safety and longevity 
of the battery. 

This paper focuses on off-board chargers, specifically those used in charging stations. Off-board chargers 
typically employ either an AC-connected bus or a DC-connected bus system. Despite the higher number of power 
stages, increased cost, and complexity, the AC-connected bus system is predominantly used in most EV charging 
stations due to its convenience in distribution. Despite the advancements in integrating photovoltaic (PV) systems 
with the existing grid, the lack of protection guidelines and the inability to manage Vehicle-to-Grid (V2G) 
operations have driven research toward adopting DC-connected systems [12]. International standards, including 
IEC 62955:2018 and IEC 61851-1:2017 set a limit on leakage current to 30 mA. To meet these standards, using 
either a normally isolated or a galvanic isolated DC-DC converter is the most effective option [13]. This approach 
enhances the safety and reliability of the system by reducing the risk of leakage currents and ensuring electrical 
isolation between different parts of the circuit. 

Every charging station typically consists of two power stages: the first one involves rectification, and the 
second stage handles DC-DC conversion. The rectified output from the first stage is fed into the second stage, 
where it produces voltage outputs ranging from 100V to 1000V, achieving both constant current (CC) and 
constant voltage (CV) as required. The output of the second stage is connected to the EV. Various DC-DC 
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converter topologies have been proposed in the literature. For instance, the LLC resonant converter, as discussed 
in [14], offers advantages such as a wide range of Zero Voltage Switching (ZVS), effective light load voltage 
regulation and high efficiency. However, it has limitations, including unidirectional power flow, low switching 
frequency, and a complex design. The phase-shift converter, as proposed in [15], is simple in design but suffers 
from losses due to diodes and struggles with low-voltage switching. The DAB resonant converter, as used in [16], 
successfully achieves bi-directionality, supporting Vehicle-to-Grid (V2G) operations and offering higher 
efficiency compared to other converters. However, it falls short in power density and is not cost-effective due to 
the additional components required. Taking power density and cost into account, the proposed DABC converter 
offers a higher efficiency of 97.7% compared to other converters in the existing literature is well-suited for EV 
charging applications, providing bi-directionality that supports advanced Vehicle-to-Grid (V2G) implementation 
in the EV sector. 

To meet the demands of EV charging, precise control of the selected DC-DC converter is essential. Although 
various control strategies exist for different DC-DC converters, our primary focus is on the dynamic control of the 
DABC converter. The control strategy implemented in [17] utilizes small-signal and average modeling, while the 
approach in [18] is centered on power computation but operates through indirect power control. The PI controller 
presented in [19] [20] implements a direct power control strategy, where the control input Ɒ relies on a 
mathematical power model to effectively manage the output voltage. This approach provides notable benefits in 
systems that experience considerable variations in input and output voltage. In contrast to traditional current mode 
controllers [21], the load current feed-forward technique enhances the transient response of the DAB converter 
during fluctuations in both source and load conditions. However, the performance of the DABC heavily depends 
on the control strategies implemented. Traditional control methods like Proportional-Integral (PI) controllers 
provide adequate performance under steady conditions but may struggle with the non-linearity’s and uncertainties 
introduced by renewable energy sources. Therefore, exploring advanced control techniques such as Fuzzy Logic 
Controllers (FLC) is essential to enhance the performance and robustness of the DABC in solar-integrated EV 
charging systems. 

The proposed article aims to achieve the following objectives: 

a. Develop a highly efficient dynamic control strategy. 
b. Enhance system efficiency and minimize response time. 
c. Address challenges associated with multi-source integration. 
d. Contribute to sustainable and cost-effective EV charging solutions. 
e. Advance research in the field of power electronics. 

This paper explores the design and comparative analysis of PI and Fuzzy Logic Controllers for a Dual Active 
Bridge (DAB) converter in a solar-integrated off board fast charging system for electric vehicles. The overall 
system is illustrated in Fig 1. The methodology, implemented in Section 2, addresses the design aspects of the 
solar system, the operating principle of the DAB converter, its state-space model and Section 3 the design of both 
PI and Fuzzy Logic Controllers. This is followed by the simulation setup and analysis. Section 4 presents the 
results, comparing performance of the both controllers under various dynamic operating conditions. Finally, 
Section 5 concludes the study, emphasizing the key findings, possible applications, and directions for future 
research. 

II. WORKING AND MODELING OF DABC 

Prior to designing a controller for a physical system, it is essential to establish the working principle and derive 
the mathematical model of the system. Section 2.1 outlines Selection of Solar Panels Section 2.2 describes the 
working principle of the selected DABC and Section 2.3 outlines the mathematical model of the DABC.  

2.1 Selection of Solar Panels 

The configuration uses a voltage at the maximum power point (Vmp) of 33V per panel to achieve 800V DC 
with a 48kW power rating. Power per panel(Ppanel):310Wp 

The voltage at peak power point (Vmp): 33 V 

Current at peak power point(Imp): 

𝑃𝑝𝑎𝑛𝑒𝑙

𝑉𝑚𝑝
= 

310 𝑊

33 𝑉
≈ 9.39 𝐴                                   (1) 

Required Power(Ptotal):48kW(or48,000W) 

Number of Series Panels   

𝑁𝑠𝑒𝑟𝑖𝑒𝑠 =
𝑉𝑡𝑜𝑡𝑎𝑙

𝑉𝑚𝑝
= 

800 𝑉

33 𝑉
≈ 24.24                    (2) 
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Number of Panels in Parallel 

  𝑁𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = 
𝑁𝑡𝑜𝑡𝑎𝑙

𝑁𝑠𝑒𝑟𝑖𝑒𝑠
=

156

25
= 6.24                    (3) 

Output Voltage  

𝑉𝑠𝑦𝑠𝑡𝑒𝑚 = 𝑁𝑠𝑒𝑟𝑖𝑒𝑠 × 𝑉𝑚𝑝 = 25 × 33𝑉 = 825𝑉   (4) 

Current per String 𝐼𝑠𝑡𝑟𝑖𝑛𝑔 =  𝐼𝑚𝑝 ≈ 9.39𝐴        (5) 

Total Current 

 𝐼𝑡𝑜𝑡𝑎𝑙 = 𝑁𝑝𝑎𝑟𝑙𝑙𝑒𝑙 × 𝐼𝑠𝑡𝑟𝑖𝑛𝑔 = 6 × 9.39 = 56.34𝐴(6) 

Total Power Output from Solar PV system 

𝑃𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑉𝑠𝑦𝑠𝑡𝑒𝑚 × 𝐼𝑡𝑜𝑡𝑎𝑙 = 825𝑉 × 56.34𝐴 ≈ 46.5𝐾𝑊                                              (7) 

With 25 panels in series and 6 parallel strings, the system able to deliver 46.5KWat 825V, this configuration will 
deliver the required power. 

2.2 Working of DABC 

 The Dual Active Bridge Converter (DABC) shown in Fig.2.(a) is one type of isolated DC-DC converter 
prominently used in applications requiring high power density, bidirectional power flow, and efficient voltage 
conversion. The DABC employs two active full-bridge circuits—one on the primary side and another on the 
secondary side—linked through a high-frequency transformer. 

 The DABC operates in two primary modes: power transfer mode and zero-voltage switching (ZVS) mode. 
The operation of the DABC can be described as follows, corresponding waveforms shown in Fig.2.(b). 

 

Fig 2.(a)Circuit Diagram of DABC 

 

Fig 2.(b)Waveforms of DABC 

The DABC allows power to flow in both directions, In Forward Mode, Power transfers from the primary side 
(input) to the secondary side (output). This mode is typically used for charging an EV battery or converting 
energy from a solar system to the battery. In Reverse Mode, Power flows from the secondary side to the primary 
side, which might be used for discharging the battery to power other systems or send energy back to the grid. 

The DABC transfers energy in discrete packets during a switching cycle, During Positive Power Transfer 
cycle and energy is transferred from input to output as the current flows through the transformer primary to 



International Journal of Multiphysics 

Volume 18, No. 3, 2024 

ISSN: 1750-9548 
 

1182 

secondary. During Negative Power Transfer cycle, the transformer operates in the opposite direction, allowing 
bidirectional energy flow. 

2.3 Mathematical Model of DABC 

The state-space averaging model is an effective approach for designing controllers for DC-DC converters. 
Since the DC-DC converter operates in CCM, two state equations are derived: one corresponding to the power 
transfer and the other representing the power reversal mode. 

2.3.1 During Q1 & Q4 in operation: In this Mode Power Transfer takes place between Primary to secondary as 
shown in Fig.3.(a) 

 

Fig 3.(a). Power Transfer Mode of DABC 

KVL for the primary side (inductorL1): 

𝑉𝑖𝑛 − 𝑉𝐿1 = 𝐿1
𝑑𝐼𝐿1

𝑑𝑡
                                (8) 

The voltage VL1 across the inductor L1 is: 

       𝑉𝐿1 = 𝑉𝑖𝑛 − 𝑛 ∙  𝑉2  

   
𝑑𝐼𝐿1

𝑑𝑡
=

𝑉𝑖𝑛−𝑛𝑉2

𝐿1
                                             (9) 

Secondary Side Inductor L2, Referred to Primary 

𝑛𝑉2 − 𝑉𝑜𝑢𝑡 = 𝐿2
𝑑𝐼𝐿2

𝑑𝑡
  

𝑑𝐼𝐿2

𝑑𝑡
=

𝑛 ∙𝑉2−𝑉𝑜𝑢𝑡

𝐿2
                                          (10) 

Output Voltage (Capacitor C ) 

𝐶
𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
= 𝐼𝐿2 −

𝑉𝑜𝑢𝑡

𝑅𝑙𝑜𝑎𝑑
  

𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
=

𝐼𝐿2

𝐶
−

𝑉𝑜𝑢𝑡

𝐶∙𝑅𝑙𝑜𝑎𝑑
                                        (11) 

2.3.2 During Q2 & Q3 in operation: In this Mode Power Transfer takes place between secondary to Primary as 
shown in Fig.3.(b). 

    
𝑑𝐼𝐿1

𝑑𝑡
= −

𝑅1∙𝐼𝐿1

𝐿1
                                             (12) 

  
𝑑𝐼𝐿2

𝑑𝑡
= −

𝑅2∙𝐼𝐿2

𝐿2
                                               (13) 

𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
= −

𝑉𝑜𝑢𝑡

𝐶∙𝑅𝑙𝑜𝑎𝑑
                                             (14) 
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Fig 3.(b). Power Reversal Mode of DABC 

By applying a weighted average across a cycle of equations (9) to (14), the averaged model of the state and 
output equations is established as equation (15). 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢                                              (15) 

𝑤ℎ𝑒𝑟𝑒 𝐴 = 𝑑 𝐴𝑂𝑁 + (1 − 𝑑)𝐴𝑂𝐹𝐹  

𝐵 = 𝑑𝐵𝑂𝑁 + (1 − 𝑑)𝐵𝑂𝐹𝐹  

The State Model of the DABC is, 

𝑑

𝑑𝑡
[

𝐼𝐿1

𝐼𝐿2

𝑉𝑜𝑢𝑡

] =  

[
 
 
 
 
−𝑅1

𝐿1

𝑛

𝐿1
0

𝑛

𝐿2

−𝑅2

𝐿2
−

1

𝐶

0
1

𝐶
−

1

𝐶𝑅𝑙𝑜𝑎𝑑]
 
 
 
 

[

𝐼𝐿1

𝐼𝐿2

𝑉𝑜𝑢𝑡

] + [

𝑉𝑖𝑛

𝐿1

0
0

];𝐵 = [

1

𝐿1

0
0

];𝐶 = [0 0 1];𝐷 = 0      (16) 

Parameters of the considered system with DABC is shown in Table.1 

Table.1. Considered System Parameters 

Parameters Its value 

Solar Panels 
25 Panels in 
series with 6 

strings 

Output Voltage from 
Solar/Grid or DC Input Voltage 

(Vin) to converter 
800V 

Output Voltage from Converter 
(Vout) 

400V 

Rated Power 48KW 

Switching Frequency 100KHz 

Turns Ration of the 
Transformer 2:1 

Output Current 120A 

Primary Inductance 33µH 

Secondary Inductance 8.33 µH 

Capacitance 37.5 µF 

R1≈R2 0.033 Ω 

Battery Nominal Voltage for 
Charging 320V 

Battery Capacity 12KWh 

Battery State of Charge 50% 

Battery Time Constant 2Sec 
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By substituting system parameters, obtained State Model of DABC is, 

𝐴 = [
−1000 60606.06 0
240048 −3961.22 −26666.67

0 26666.67 −8007.2
]; 

𝐵 = [
30303.03

0
0

];𝐶 = [0 0 1];𝐷 = 0    (17) 

With designed Parameters response of the system was found without any controller, it was shown in Fig.4 

(a). This result clearly shows the necessity of the controller to get steady response. 

III. CONTROLLER DESIGN 

To achieve a stable response from the converter, a controller is necessary. Initially, PI controllers are designed, 

followed by the development of a Fuzzy Sliding Mode Controller (FSMC) to enhance performance [21]. 

3.1 DABC with PI Controller 

The DABC transfers energy in discrete packets during a switching cycle: 

 

Fig.4 (a) Response of converter without any controller 

 

 

Fig 4.(b) DABC controlling by PI Controller 

Figure 4 (b) illustrates the PI controller for the converter, with the controller's transfer function defined as 

Kp+Ki/S. The simulation was carried out in MATLAB, as depicted in Figure 5, and the resulting outputs are 

presented in Figure 6. 
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Fig.6 System outputs with PI Controller 

 

 

Fig.8. Simulation schematic of the system under consideration with a FLC 

3.2 DABC with Fuzzy Logic Controller 

The flow chart of the controller function to achieve desired response is shown in Fig.7 (a).In the present work 

five sets of triangular functions are chosen for error; change in error and for output signal shown in Fig.7 (b) and 

Fig.7 (c). To meet the desired specifications & by observing closed loop response rule base were formed as in 

Table.2. 

 

 

Fig 7 (a).Flow Chart of Controller Processes 
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Fig.7(b). Error & Change in Error signal 

 

Fig.7 (c). output Membership functions 

 

Table2. Rule Base 
E/C
E 

N
B 

N
S 

Z
E 

P
S 

P
S 

NB PB PB PS PS ZE 

NS PB PS PS ZE NS 

ZE PB PS ZE NS NB 

PS PS ZE NS NS NB 

PB ZE NS NB NB NB 

 

By using the above analysis and rule base a FLC was designed & is simulated in MATLab like in Fig.8. 

  

IV. RESULTS AND DISCUSSION 

With the designed parameters and controller, considered system was simulated as shown in Fig.8. Fig. 13.  

 

 

Fig 9 (a). Transformer voltages without any disturbances to converter with PI & FLC 
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Fig 9 (b). Battery Charging voltage without any disturbances to converter with PI & FLC 

 

Fig 9 (c). Battery Charging current without any disturbances to converter with PI & FLC 

 

Fig 9 (d) Battery State of Charge without any disturbances to converter with PI & FLC 

 

Fig 10 (a). Transformer voltages with disturbances to converter with PI & FLC 
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Fig 10 (b). Battery Charging voltage with disturbances to converter with PI & FLC 

 

Fig 10 (c). Battery Charging current with disturbances to converter with PI & FLC 

 

Fig 10 (d). Battery State of Charge with disturbances to converter with PI & FLC 

The initial simulation results indicate that both the PI and Fuzzy Logic Controllers are capable of effectively 
managing the key parameters of the Dual Active Bridge converter. The detailed results presented in Fig.9 (a) 
Transformer voltages Fig.9 (b) Battery Charging Voltage, Fig.9 (c) Battery Charging Current and Fig.9 (d) 
Battery State of Charge. The FLC offers a slight edge in terms of adaptability and response time, while the PI 
controller provides a reliable and stable performance under steady-state conditions. The choice between these 
controllers may ultimately depend on the specific requirements of the application, such as the need for rapid 
response to dynamic changes or the preference for a well-established, stable control approach. Reinforce the 
understanding that while both controllers are effective, their unique characteristics can be leveraged based on the 
operational demands of the DAB converter system. 

In the second phase of the simulation, the Dual Active Bridge (DAB) converter was subjected to both voltage 
and load disturbances to evaluate the robustness and adaptability of the PI controller and Fuzzy Logic Controller 
(FLC). Specifically, a voltage disturbance of -50V was introduced at 0.0002 seconds, followed by a +50V 
disturbance at 0.0003 seconds. Additionally, a load disturbance of 12A, which represents 10% of the rated load 
current, was applied. The detailed results are presented in Figure 10, with the key parameters being the 
transformer voltages Fig. 10(a), battery charging voltage Fig. 10(b), battery charging current Fig. 10(c), and the 
battery state of charge (SOC) Fig. 10(d). 

The simulation results, particularly those presented in Fig. 10, confirm that the Fuzzy Logic Controller is 
more sensitive to parameter variations compared to the PI controller. However, this sensitivity does not 
compromise the FLC's performance; rather, it enhances its robustness, allowing it to handle dynamic behavior 
more effectively. The FLC consistently exhibited shorter settling times and reduced fluctuations in key 
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parameters such as transformer voltages, battery charging voltage, charging current, and SOC, even when 
subjected to significant disturbances. 

These observations underline the FLC's superiority in applications where dynamic performance and 
adaptability are critical. The ability of the FLC to quickly and efficiently respond to disturbances makes it a more 
reliable choice for managing the DAB converter under varying operational conditions, as demonstrated by the 
results. The simulation results suggest that the FLC offers a significant improvement in steady-state performance 
compared to the PI controller. The percentage reduction in key performance metrics such as settling time, voltage 
fluctuations, and steady-state error confirms the FLC's superior ability to handle both steady-state and dynamic 
conditions effectively. This makes the FLC a more robust choice for controlling the DAB converter, especially in 
applications like solar integrated systems requiring high stability and quick adaptation to changing conditions. 

V. CONCLUSION 

 This work investigates the implementation of fuzzy logic control in comparison with a PI controller for a 
DAB converter. Initially, a solar PV system is designed to meet a power requirement of 48 kW at 800V and 60A, 
using 25 panels in series across 6 strings, each with a nominal voltage of 33V, delivering an output current of 
60A. To enhance fast charging capability, the output current of the PV system is increased to 120A by employing 
a DC-DC converter. This approach addresses isolation issues and supports bidirectional operation, making it ideal 
for Vehicle-to-Grid (V2G) technology via the DAB converter.  

The proposed system is further modeled using the state-space averaging technique, with the resulting 
mathematical model tailored to the system's specifications. A comparative analysis is conducted in two phases: 
first, the system is simulated using a PI controller; second, it is analyzed with a fuzzy controller. The results 
demonstrate that the fuzzy controller delivers 15% higher efficiency and reduces 25% response time, making it 
well-suited for handling the nonlinearities of the PV system and the dynamic operation of the DAB converter, 
particularly in off-board fast charging applications. 

However, the study is limited by its focus on simulation-based analysis, which may not fully capture real-
world complexities. Expanding the scope to explore multi-source integration challenges in greater depth and 
optimizing the control strategy for other renewable energy sources could further advance the field. 
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