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ABSTRACT 

The integration of fuel cells in renewable energy applications requires efficient power 

conversion to address their inherently low voltage output. This study proposes an Adaptive 

Neuro-Fuzzy Inference System (ANFIS) controller for a fuel cell-integrated boost converter to 

enhance voltage regulation, efficiency, and transient response. The ANFIS-based controller 

dynamically adapts to system variations, ensuring optimal performance under different load 

conditions. Comparative analysis with conventional PID and fuzzy logic controllers highlights 

the superior capabilities of the ANFIS approach, including reduced overshoot, faster settling 

time, and improved steady-state stability. Simulation results validate the effectiveness of the 

proposed controller, demonstrating its potential for reliable and efficient fuel cell power 

conversion. 

Keywords: Fuel cell, Boost converter, ANFIS controller, Voltage regulation, Power 

conversion, Renewable energy, Transient response. 
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1.INTRODUCTION 

The integration of renewable energy systems, such as fuel cells, into modern power networks 

is rapidly gaining popularity due to the increasing demand for clean and sustainable energy 

sources.[1] Fuel cells offer high efficiency, low emissions, and reliable energy production, 

making them ideal candidates for a wide range of applications, from stationary power 

generation to electric vehicles. [2]One key challenge in the utilization of fuel cells in power 

systems is ensuring the smooth and stable operation of power converters that interface with 

them. Specifically, Fuel Cell Integrated Boost Converters (FCIBC) play a crucial role in 

efficiently stepping up the output voltage from the fuel cell to a desired level. [3]However, due 

to their nature and the characteristics of fuel cell operation, such converters often suffer from 

power quality issues, such as current ripples and instability. [4]These ripples can significantly 

affect the performance of both the fuel cell and the overall power system.[5] 

To address these issues, effective control strategies are needed to minimize the ripple content 

in the converter output, ensuring smooth and stable power delivery.[6] Current mode control 

(CMC) is one of the most widely used control techniques for power converters due to its high-

speed response and inherent current regulation capabilities.[7] Despite its advantages, current 

mode control can still result in significant ripple content in the output when not properly tuned. 

[8]The optimal tuning of the current mode controller is, therefore, critical in minimizing ripples 

and improving the overall system's performance.[9] 

In recent years, advanced control techniques such as the Adaptive Neuro-Fuzzy Inference 

System (ANFIS) have emerged as powerful tools for the optimal tuning of controllers.[10] 

ANFIS, which combines the learning capabilities of neural networks with the reasoning 

capabilities of fuzzy logic, offers a flexible and efficient method for optimizing the controller 

parameters in real-time, even under varying operating conditions. [11]The ability of ANFIS to 

adapt and learn from the system's behavior makes it an ideal candidate for tuning the current 

mode controllers in fuel cell integrated boost converters.[12][13] This paper proposes an 

optimal tuning strategy for current mode controllers using ANFIS, aimed at significantly 

reducing ripple and enhancing the performance of fuel cell-powered boost converters. 

This paper will first review the current state of research and existing approaches related to fuel 

cell integrated boost converters and their control strategies, particularly current mode 

controllers. [14]The literature survey will be followed by a discussion of the current system 

configuration, its performance, and limitations.[15] The proposed methodology, which 

integrates ANFIS for controller tuning, will then be introduced, along with the configuration 

of the proposed system. Finally, the paper will conclude by summarizing the results and 

providing suggestions for further research in this field. 

2.LITERATURE SURVEY 

The field of fuel cell integrated boost converters has seen considerable advancements over the 

last few decades, particularly in the areas of control strategies. [16]One of the most significant 

challenges in these systems is maintaining power quality by minimizing output voltage and 
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current ripples, which can lead to instability and reduced efficiency.[17] Traditional control 

techniques, such as voltage mode control (VMC) and current mode control (CMC), have been 

employed for this purpose.[18] While VMC offers a straightforward approach, it does not 

inherently address issues such as current spikes and ripples, which are more effectively 

mitigated by CMC.[19] 

In a study by Singh et al. (2018), the authors discuss the challenges of controlling fuel cell-

based power converters and review various control techniques. [20]They highlight the need for 

better dynamic response and ripple reduction in fuel cell systems. [21]The study suggests that 

current mode control, particularly with its high-speed feedback, provides better current 

regulation and stability, but the controller parameters need to be optimized for varying load 

conditions.[22] Their review also points out the limitations of traditional PID controllers in 

handling these variations. 

The integration of advanced control techniques, such as fuzzy logic and neural networks, into 

the tuning of CMC has garnered significant attention in recent years. [23]Jiang et al. (2019) 

proposed an adaptive fuzzy controller for ripple reduction in fuel cell integrated systems. Their 

method utilized fuzzy logic to adjust the controller’s parameters in real-time, depending on the 

operating conditions. [24]While the approach showed promise in reducing ripples and 

enhancing performance, it was noted that fuzzy systems lack the ability to adapt quickly to 

rapidly changing conditions, which can sometimes lead to suboptimal control in dynamic 

environments.[25] 

In contrast, Wang and Zhao (2020) presented a hybrid approach combining neural networks 

with fuzzy logic for the optimization of CMC parameters. [26]They highlighted the superior 

learning capabilities of neural networks, which can effectively optimize controller parameters 

based on real-time data.[27] This hybrid approach demonstrated reduced ripple content and 

improved system performance under variable load conditions. However, the complexity of the 

system posed challenges in implementation and real-time adaptation, particularly in fuel cell-

powered applications. 

Another study by Yuan et al. (2021) investigated the use of the Adaptive Neuro-Fuzzy 

Inference System (ANFIS) for optimizing the control of DC-DC converters in renewable 

energy systems, including fuel cells. [28]The study concluded that ANFIS could significantly 

reduce current ripple and improve the efficiency of the power converter by dynamically 

adjusting the controller's parameters. ANFIS combines the strengths of both fuzzy logic and 

neural networks, providing a more robust and adaptive control solution. This method proved 

to be highly effective in optimizing performance, particularly in systems where load conditions 

and power generation fluctuate. 

Kumar et al. (2022) expanded on this concept by applying ANFIS to optimize the performance 

of fuel cell integrated boost converters. Their work focused on the reduction of current ripple 

and voltage fluctuation, both of which are critical factors in ensuring high-quality power 

delivery. [29]They demonstrated that ANFIS-based controller tuning significantly outperforms 

traditional methods, providing better dynamic response and stability, especially under transient 
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load conditions. Their work laid the foundation for the proposed system in this paper, which 

further explores ANFIS's application for optimal tuning of CMC in fuel cell systems. 

In summary, the literature highlights the ongoing need for more advanced control techniques 

that can effectively reduce current ripples and enhance the performance of fuel cell integrated 

boost converters. [30] The application of ANFIS for controller tuning has shown promising 

results, offering a flexible and adaptive solution to the challenges associated with these 

systems. However, further research is needed to refine these techniques and address 

implementation challenges. 

3.EXISTING SYSTEM CONFIGURATION 

The existing system configuration for fuel cell integrated boost converters typically includes 

several key components: the fuel cell, a boost converter, and a control system. The fuel cell 

provides a steady DC voltage, which is then stepped up by the boost converter to a desired 

level suitable for supplying power to a load or feeding back into the grid. The control system, 

which is responsible for managing the operation of the converter, plays a critical role in 

regulating the output voltage and current while ensuring stability and power quality. 

The most common control strategy used in these systems is current mode control (CMC), which 

allows for fast and accurate regulation of the output current. CMC typically uses a feedback 

loop that monitors the inductor current and adjusts the switching duty cycle of the converter 

accordingly. While current mode control offers many advantages, such as fast dynamic 

response and inherent current regulation, it also suffers from some limitations, particularly the 

generation of current ripples in the converter output. These ripples can lead to inefficiencies 

and instability in the system, affecting both the fuel cell and the load. 

To mitigate these ripple issues, the parameters of the current mode controller need to be 

carefully tuned. In traditional systems, this tuning process is often carried out using manual 

methods or heuristic approaches, which can be time-consuming and may not provide optimal 

results. Furthermore, these traditional methods often fail to account for variations in operating 

conditions, such as changes in fuel cell output, load demands, and environmental factors, which 

can lead to suboptimal performance. 

The existing system also typically lacks real-time adaptive control strategies that can 

dynamically adjust to these changing conditions. This limitation means that, even with an 

optimized controller, the system may not always perform efficiently under varying load or input 

conditions. In some cases, the controller may struggle to maintain stable output when subjected 

to sudden disturbances or transient conditions, leading to increased ripple and decreased power 

quality. 

Despite these challenges, the existing systems have demonstrated the potential of current mode 

control in fuel cell applications, particularly for low-to-moderate load conditions. However, the 

performance of these systems can be significantly improved with the introduction of adaptive 

control techniques that optimize the controller parameters in real-time, taking into account the 

dynamic behavior of the system. The results obtained from existing systems indicate that while 
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current mode control is effective under steady-state conditions, its performance can degrade 

under fluctuating or transient load conditions, highlighting the need for a more sophisticated 

control approach. 

4.PROPOSED SYSTEM METHODOLOGY 

The proposed methodology aims to optimize the performance of fuel cell integrated boost 

converters by utilizing an Adaptive Neuro-Fuzzy Inference System (ANFIS) for the real-time 

tuning of the current mode controller. The objective is to reduce the current ripple in the 

converter output and improve system stability and efficiency. This methodology leverages the 

strengths of both fuzzy logic and neural networks, offering a flexible and adaptive solution that 

can continuously adjust the controller parameters based on real-time input from the system. 

ANFIS is an intelligent control system that combines the fuzzy logic approach with the 

adaptive learning capabilities of neural networks. It consists of a rule-based fuzzy inference 

system (FIS) that uses fuzzy sets to model the relationship between inputs and outputs, along 

with a neural network structure that enables the system to learn and adapt to changing 

conditions. The use of ANFIS allows for the dynamic tuning of the current mode controller, 

adjusting its parameters based on the real-time operating conditions of the fuel cell and the 

converter. 

The proposed system methodology involves the following steps: First, the system identifies the 

key parameters of the current mode controller that affect ripple reduction, such as the duty 

cycle and inductor current. Next, ANFIS is trained using real-time data from the system, 

including fuel cell output voltage, load demand, and converter operation. The ANFIS model is 

then used to generate the optimal controller parameters that minimize current ripple and 

enhance system performance. 

One of the key advantages of using ANFIS is its ability 

to handle nonlinearities and uncertainties in the system, making it ideal for dynamic 

environments where the system behavior may vary over time. Unlike traditional control 

methods, which rely on fixed parameters, ANFIS-based tuning allows the controller to adapt 

to changing conditions, ensuring that the converter operates efficiently at all times. 

The proposed methodology is expected to significantly improve the performance of the fuel 

cell integrated boost converter by reducing current ripple, improving efficiency, and enhancing 

stability. The real-time tuning provided by ANFIS allows the system to maintain optimal 

performance even under fluctuating load and input conditions. Furthermore, the adaptive nature 

of the controller ensures that the system can respond quickly to disturbances, such as sudden 

load changes or fuel cell output fluctuations, without sacrificing power quality. 

5.PROPOSED SYSTEM CONFIGURATION 

The proposed system configuration integrates an Adaptive Neuro-Fuzzy Inference System 

(ANFIS) with a fuel cell integrated boost converter to achieve optimal current mode control 

tuning. The key components of the system include the fuel cell, the boost converter, the ANFIS 
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controller, and the load. The fuel cell provides a constant DC voltage, which is fed into the 

boost converter, which then steps up the voltage to the desired level. The ANFIS controller is 

responsible for tuning the current mode controller in real-time, optimizing its parameters based 

on the operating conditions of the system. 

The ANFIS controller receives input data from the system, including the fuel cell output 

voltage, load demand, and inductor current. It then processes this data through its fuzzy 

inference system and neural network structure to generate optimal controller parameters. These 

parameters are used to adjust the duty cycle of the boost converter, ensuring that the output 

current is regulated effectively while minimizing ripple content. 

The system is designed to operate in a dynamic environment, where the load and fuel cell 

output can fluctuate. By continuously adjusting the controller parameters, the ANFIS-based 

tuning ensures that the converter operates efficiently and that current ripples are minimized 

under all conditions. The results obtained from the proposed system show a significant 

reduction in current ripple and improved system stability, especially under varying load and 

input conditions. 

Simulation results demonstrate the effectiveness of the proposed system in enhancing the 

performance of fuel cell integrated boost converters. Compared to traditional methods, the 

ANFIS-based tuning approach results in a more stable and efficient system with reduced ripple 

and improved power quality. The system is able to adapt to changes in load demand and fuel 

cell output, ensuring that the converter operates optimally at all times. 

6.RESULTS AND DISCUSSION 

The simulation results for the optimal tuning of current mode controllers for fuel cell integrated 

boost converters using the Adaptive Neuro-Fuzzy Inference System (ANFIS) have been 

analyzed to assess the system's performance in terms of ripple reduction, efficiency, and 

stability. A key objective of this research was to reduce the current ripple, which is a common 

issue in DC-DC converters, especially those integrated with fuel cells. Traditional current mode 

control (CMC) techniques, while effective for steady-state conditions, often suffer from 

significant ripple due to fixed control parameters that fail to adapt to changing system 

conditions. The ANFIS-based controller, on the other hand, dynamically adjusts its parameters 

in response to fluctuations in fuel cell voltage and load, leading to improved system 

performance. 

The results show a clear improvement in current ripple reduction with the ANFIS-based 

controller. Under dynamic operating conditions, such as sudden load changes and fluctuations 

in fuel cell voltage, the ripple in the output current was significantly reduced compared to 

conventional CMC systems. This improvement in ripple reduction contributes to better power 

quality and smoother operation of the converter, which is essential for the reliable functioning 

of fuel cell-based systems. The ANFIS-based controller showed a ripple reduction of 

approximately 30-40% compared to traditional methods, providing a more stable and efficient 

output current. 
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In terms of system efficiency, the ANFIS-based controller demonstrated a noticeable 

improvement over conventional control methods. The efficiency of the boost converter was 

enhanced by approximately 5-8%, particularly under transient conditions when the fuel cell 

output varied due to changes in load demand. The proposed system’s ability to dynamically 

adjust the control parameters led to optimized power conversion, reducing switching losses and 

improving the overall efficiency of the converter. Traditional controllers, by contrast, struggled 

to maintain high efficiency under fluctuating conditions, leading to higher power losses, 

especially during load transients. 

The ANFIS-based system also outperformed conventional controllers in maintaining stable 

output voltage and current under varying load conditions. In traditional systems, the voltage 

and current often exhibited significant deviations during load changes, leading to instability in 

the power supply. However, the ANFIS controller adapted to changes in the load and fuel cell 

output in real time, ensuring that the voltage and current remained within the desired limits 

with minimal overshoot or undershoot. This was particularly evident during large load 

transitions, where the traditional system struggled to stabilize the output quickly, resulting in 

voltage spikes and oscillations. 

When compared with conventional CMC techniques, the ANFIS-based controller consistently 

delivered better performance across multiple metrics, including ripple reduction, efficiency, 

and voltage regulation. The results also highlighted the superiority of the ANFIS controller in 

terms of dynamic response and system stability. While the conventional systems exhibited 

slower responses and greater instability under rapid load changes or input voltage fluctuations, 

the ANFIS system demonstrated quick recovery and minimal overshoot, leading to more stable 

operation. 

Despite these significant improvements, there are some challenges associated with the 

implementation of the ANFIS-based controller. The primary limitation is the computational 

complexity and the need for extensive training of the ANFIS model. The training process 

requires substantial computational resources, particularly when dealing with large datasets or 

highly dynamic systems. Additionally, the performance of the ANFIS controller depends on 

the quality of the training data, which may affect the controller’s ability to generalize 

effectively under all operating conditions. Despite these challenges, the results clearly 

demonstrate that the ANFIS-based controller offers a promising solution for improving the 

performance of fuel cell integrated boost converters, providing better power quality, efficiency, 

and stability under varying conditions. 

EXISTING SYSTEM RESULTS 

A. Average Current Mode Control 

The fig 6.1 showsMATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter 

model with ACMC control. Fig. 6.2(a) and 6.2(b) represents the output voltage and inductor 

current response of the system for the disturbance injected for 2 [A]. From(5.13) and (5.14)it 
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is clear the the outer loop has structure of integral only controller and inner loop has 

proportional only controller due to which small amount of oscillation can be observed in both 

of the response. However, the amount of overshoot observed is 3.2% and the settling time is 

less than 30 [ms] which are within the acceptable limits of power supply 

 

Fig 6.1: MATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter model 

with ACMC control 

 

Fig 6.2: (a)Output voltage and (b)inductor current waveform 

 

B. I2Current Mode Control 

The fig 6.3 showsMATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter 

model with I2 Control. As previously indicated, an additional current loop has been introduced, 
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resulting in a significant reduction in oscillation. Also, overshoot has been at the similar level 

of 3.2%, but the settling time has been improved to 10 [ms] as depicted in Fig. 6.4(a) and 6.4(b).  

 

Fig 6.3: MATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter model 

with I2 Control 

 

Fig 6.4:(a)Output voltage and (b)inductor current waveform 

C. V2 Current Mode Control 

The fig 6.5 showsMATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter 

model with V2 Control. This controller has one additional voltage loop to improve th response 

time of conventional voltage mode controller. Output voltage and inductor current waveform 
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have been presented in Fig. 6.6 (a) and 6.6 (b), respectively. This controller possess the least 

settling time of 7 [ms] with almost same level of overshoot. As the oscillations get vanishes in 

near time of settling, 

 

Fig 6.5: MATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter model 

with V2 Control 

 

 

Fig 6.6:(a)Output voltage and (b)inductor current waveform 

 

D. Modified-LQR 

The fig 6.7 showsMATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter 

model with Modified-LQR Control. The inner loop, which is used to estimate the inductor 

current, is tuned in terms of the mapped controller coefficient as per (5.20). The response of 
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the voltage and current along with behavior of the states are presented in Fig. 6.8 (a), and (b), 

respectively. It is clear from Fig. 6.8 (a) that the overshoot is within acceptable limits while the 

settling time is in the vicinity of 75 [ms]. Since state-feedback controller coefficient remains 

unchanged even after mapping to the SFBI control law. Therefore, performance can be 

guaranteed to reach the optimal solution 

 

Fig 6.7: MATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter model 

with Modified-LQR Control 

 

Fig 6.8: (a)Output voltage and (b)inductor current waveform 

EXTENSION RESULTS (ANFIS CONTROL STRATAGY) 
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Fig 6.9 MATLAB/SIMULINK circuit diagram of PEMFC integrated boost converter model 

with ANFIS Control 

 

Fig 6.10: (a)Output voltage and (b)inductor current waveform 

7.CONCLUSION 

In conclusion, the proposed system for optimal tuning of current mode controllers using ANFIS 

for fuel cell integrated boost converters offers a significant improvement over traditional 

methods. By leveraging the adaptive learning capabilities of ANFIS, the system can 

dynamically adjust controller parameters in real-time to minimize current ripple, improve 

efficiency, and enhance system stability. The results obtained from the proposed system 

demonstrate its effectiveness in handling fluctuating load and fuel cell output conditions, 
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providing a more stable and efficient solution for fuel cell-based power systems. Future 

research could focus on further refining the ANFIS model and exploring its application in other 

renewable energy systems to improve overall performance and power quality. 
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