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 Transformerless inverters are increasingly favored in grid-connected 

photovoltaic (PV) systems due to their higher efficiency, reduced size, and 

lower cost. This paper presents a novel transformerless inverter topology 

that integrates buck boost conversion with an advanced fuzzy logic 

controller (FLC) to enhance energy extraction and power quality under 

dynamically changing solar conditions. The proposed system employs a sine 

triangle pulse width modulation (PWM) scheme in conjunction with the 

FLC to improve waveform quality and system responsiveness. By 

dynamically adapting to variations in irradiance and load, the control 

strategy reduces the total harmonic distortion (THD) from 36.51% to 1.51%, 

significantly enhancing compliance with international grid standards. 

Additionally, a novel grounding technique is implemented to mitigate 

common mode leakage currents, a typical issue in transformerless systems, 

without the need for galvanic isolation. Comprehensive MATLAB/Simulink 

simulations validate the inverter’s performance, demonstrating superior 

dynamic behavior, harmonic suppression, and overall reliability. The 

proposed architecture offers a compact, cost effective, and high performance 

solution for next generation grid integrated solar PV systems. 
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1. INTRODUCTION 

The growing need for sustainable energy and the urgent effort to reduce harmful effects on the 

environment have led to a big increase in the use of renewable energy methods around the world. Among 

these methods, solar PV systems have become very popular because they are flexible, have a small effect on 

the environment, and are getting cheaper to install [1], [2]. Grid-connected solar power systems are beneficial 

because they enable local energy production, improve energy efficiency, and contribute to grid stability [3], 

[4]. The inverter, a crucial component of these systems, converts the solar panels' direct current (DC) into 

usable alternating current (AC) for residences and commercial buildings. Isolation transformers, which are 

https://creativecommons.org/licenses/by-sa/4.0/
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used by traditional inverters to divide electrical circuits, are large, heavy, expensive, and inefficient [5]-[7]. 

Due to their increased efficiency, reduced size, and lower cost, transformerless inverters are increasingly 

becoming the preferable option [8], [9]. 

Transformerless inverters have some big downsides even though they are good in many ways. One 

big problem is known as common mode leakage currents. These currents come from tiny electrical 

connections between the ground and the solar panels. These currents can be harmful, cause problems with 

other electrical equipment, and make the system less dependable [10]-[13]. A lot of work is happening to 

stop these leakage currents without making the system less efficient [14]-[16]. Another major challenge with 

solar power is that the electricity made by the solar panels changes with temperature and sunlight. This 

makes it harder to keep the electrical system working smoothly. To keep the voltage steady, respond quickly 

to changes, and send clear signals, the system needs good control systems [17]. Fuzzy logic controllers 

(FLCs) are a smart way to control the system. They can react quickly to different conditions and adjust to 

changes in the system [18]-[21]. This study presents a new kind of voltage-adjustable transformerless 

inverter. This helps the system get the most electricity from the sun and work with a wider range of input 

voltages [22]. 

An FLC is integrated into the control system to handle complex situations and boost system 

flexibility. As a result, output signal distortion (THD) is reduced. This technology produces smoother 

switching and higher-quality electrical output when paired with a sine triangle pulse width modulation 

(PWM) technique [23]. Despite extensive study on transformerless inverters, significant issues such as 

electrical signal distortion, leakage currents, and instability during variations in sunlight remain unresolved. 

Although they had drawbacks including more parts, more energy loss, and poor reaction to change, earlier 

methods that used H-bridge, multilayer, or switched-capacitor inverters demonstrated some improvement. By 

presenting a novel transformerless buck-boost inverter with an FLC, this research addresses these issues. 

Without requiring galvanic isolation, it reduces the total harmonic distortion (THD) from 36.51% to 

1.51% and manages the leakage currents. The approach is verified using MATLAB/Simulink simulations, 

which demonstrate enhanced efficiency, better control of THD, and more stable operation under various solar 

conditions [24]. Section 2 talks about the special features and what this system does. A new way to ground 

the system is used to solve the issue of leakage currents. This method makes the system safer when 

connected to the grid by reducing the common mode voltage, and it doesn’t require galvanic separation [25]. 

The entire system is created as a model and tested using MATLAB/Simulink. The results show significant 

improvements in efficiency, control of THD, and system stability, especially when solar conditions change 

[24]. Based on these results, the suggested method could be useful for small, cost-effective, and high-

performing solar systems that are suitable for future smart grids. 

 

 

2. NOVELTY AND KEY CONTRIBUTIONS 

This study introduces a new kind of inverter that doesn't require a transformer. The unique part of 

this research is how it handles issues like electrical noise and leakage current through innovative design, 

smart control techniques, and practical solutions. These are the main findings of the study. 

a. Creating an inverter without a transformer and including a buck boost function 

A new inverter design is presented that can adjust voltage levels by either increasing or decreasing 

them without the need for a transformer. This approach makes the system more adaptable and reliable. It 

helps get the most power from solar panels by allowing the system to work with a wide variety of input 

voltages. The inverter can adjust its output voltage up or down quickly, helping it to generate power 

efficiently even when conditions change. 

b. Using fuzzy logic control to regulate nonlinear dynamics 

When there are changes in the amount of load or sunlight, an adaptive FLC adjusts the output 

voltage and current. This controller doesn’t need complicated math models to handle the system's tricky 

behaviors. Based on the model results, the THD went down a lot from 36.51% to 1.51%. This improvement 

makes the power better quality and meets the standards for the electricity grid. 

c. Using a sine triangle pulse width modulation method along with fuzzy logic control 

It helps improve the quality of the waveform and the accuracy of switching. This approach makes 

the calculations simpler, boosts the efficiency of the inverter switches, and creates a more stable output 

voltage, allowing the system to work smoothly in real time. 

d. Novel ground referencing scheme for leakage current suppression 

A novel grounding technique is presented to solve the crucial problem of leakage current that is 

present in transformerless inverters. By referencing the photovoltaic (PV) source appropriately to the grid 

neutral, the proposed system minimizes common mode voltage and suppresses leakage current without 

requiring an isolation transformer. This solution contributes to enhanced safety and regulatory compliance. 

e. Comprehensive system-level validation using MATLAB/Simulink 
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The entire inverter system is modeled and evaluated in MATLAB/Simulink. Detailed simulation 

results validate the proposed architecture’s effectiveness in improving dynamic performance, voltage 

regulation, harmonic suppression, and overall operational efficiency under varying solar and load conditions. 

 

2.1.  Comparative novelty 

Although transformerless inverter configurations and fuzzy logic-based controllers have been 

individually explored in prior literature, their combined implementation in a buck boost topology designed 

for grid-connected solar applications remains largely unexamined. The originality of this work lies in its 

integration of three critical elements: a voltage-flexible transformerless design, intelligent fuzzy logic-based 

dynamic control, and a simplified modulation strategy with low computational overhead. 

The significant improvements in harmonic distortion reduction, adaptive maximum power point 

tracking (MPPT) performance, and leakage current mitigation collectively position this system as a robust 

and scalable solution for next generation grid-integrated PV systems. These contributions help set up future 

research and offer a practical way to build quick, compact, and reasonably priced inverter systems. 

 

 

3. METHOD 

The system suggested uses a special type of inverter that doesn't have a transformer and can change 

voltage to make grid-connected solar power work better. It includes choosing the best way to control the 

electricity, using smart control methods, cutting down on unwanted electrical current, and building the 

inverter properly. All these steps are part of the process. The whole system was made and checked using 

MATLAB/Simulink. Below, all the main parts of this method are explained clearly. 

 

3.1.  Inverter topology design 

There are five semiconductor switches in the inverter that can work in both boost and buck modes. 

This allows the inverter to handle a broader range of input voltages and maintain a steady AC output, making 

it simpler to connect to the electrical grid. The system is smaller, cheaper, and works better without needing 

an isolation transformer. Figure 1 shows the complete system design, including the solar input, the control 

system, and how it connects to the grid. 

 

 

PV
Buck-Boost 

Inverter
Grid

Ground Path

 
 

Figure 1. A simple image shows a PV buck-boost inverter with a ground wire 

 

 

This inverter is connected to a solar panel and uses a transformerless design, which lets it work with 

both higher and lower voltages. The inverter connects to the electrical grid through its AC side. There's a 

special ground wire between the inverter and the neutral point of the grid. This wire helps manage leakage 

current and reduces common-mode voltage. Even though the setup is small, it demonstrates how this 

technology deals with leakage current, which is a major concern for transformerless inverters. 

 

3.2.  Ground referencing for leakage current mitigation 

A special technique is used to help reduce the common mode leakage current that usually occurs in 

transformerless inverter systems. This technique involves linking the PV panels to the neutral point of the 

grid. This linking helps lower the common mode voltage and controls the leakage current. The system 

remains safe and more protected from electromagnetic interference without harming its performance or 

requiring additional isolation components. 
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3.3.  Fuzzy logic control scheme 

The system's FLC helps keep everything working well when the load or sunlight changes. It uses 

two main inputs: how much the output voltage changes and how much the current changes. These inputs go 

through a fuzzy inference system, which makes a control signal using special rules and functions. This signal 

helps keep the voltage steady and makes sure the power supply is as good as it can be by controlling how the 

inverter switches. Figure 2 shows the functions for the input and output variables, as seen in  

Figures 2(a) and (b). Table 1 explains the rules used in this controller. The two inputs, which are scaled from 

-1 to +1, are the change in voltage (ΔV) and the change in current (ΔI). The control signal tells the inverter 

how much to switch. 

 

 

  
(a) (b) 

 

Figure 2. Functions of membership; (a) ΔV membership function and (b) ΔI membership function 

 

 

Table 1. Input and output variables for fuzzy rule base 
Change in voltage\change in current Negative Zero Positive 

Negative NB NM Z 

Zero NM Z PM 

Positive Z PM PB 

 

 

Changes in voltage (ΔV) and current (ΔI) are the two input variables used by the fuzzy controller. 

These are shown in Figures 2(a) and (b). Each variable is described using one of five language-like terms: 

positive big (PB), positive medium (PM), zero (Z), negative big (NB), and negative medium (NM). These 

terms are scaled to a range from -1 to +1. These words help the controller understand numerical changes in a 

more human-like way. For example, NB is used for a large negative change in voltage, while Z is used for a 

small change. The same five terms are used for ΔI to help the controller react to current changes effectively. 

The overlapping parts of these membership functions allow smooth transitions between terms, making the 

system more stable and responsive. The controller then uses these processed ΔV and ΔI values along with a 

set of rules to control the inverter's switching. 

 

3.4.  Pulse width modulation strategy 

A sine triangle PWM method uses the control signal from the fuzzy logic system. This technique 

generates switching signals for the inverter by comparing the fuzzy output with a fast triangle wave. As a 

result, the output wave looks like a sine wave, has less unwanted noise, is more accurate, and meets grid 

requirements better. Figure 3 illustrates the control flow of the proposed system, starting with the input 

variables ΔV and ΔI. These are processed by the fuzzy inference system, which evaluates the rule base and 

generates a control signal. The control signal is then passed to the PWM generator, where it is compared with 

a high-frequency triangular carrier to produce gating signals for the inverter switches. The buck–boost 

inverter stage subsequently regulates the AC output, which is fed into the grid. This flow diagram clearly 

demonstrates the integration of fuzzy logic control with sine–triangle PWM for real-time voltage and current 

regulation. 
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Figure 3. Control flow of fuzzy inference system integrated with PWM and inverter operation 

 

 

3.5.  System modeling and simulation 

The complete grid-connected PV system, including the power stage, control system, and grid 

interface, is developed and simulated in MATLAB/Simulink. As shown in Figure 4, the simulation model 

captures all dynamic interactions within the system. Performance metrics such as voltage regulation, 

harmonic distortion, and transient response are analyzed to validate the effectiveness of the proposed design 

under different solar and load conditions. 
 

 

 
 

Figure 4. Block diagram of the proposed grid-connected solar PV system with transformerless buck boost 

inverter and FLC 

 

 

4. RESULTS AND DISCUSSION 

The proposed transformerless inverter system, incorporating a buck boost topology and an 

intelligent FLC, was modeled and simulated using MATLAB/Simulink to evaluate its performance under 

varying solar irradiance and loading conditions. In order to comply with grid integration criteria, the study 

focuses on dynamic responsiveness, output waveform quality, and harmonic distortion suppression. Figure 5 

shows the whole MATLAB/Simulink model of the system. It includes the solar source, the power electronic 

component, the FLC, the grid connection, and the PWM block. This model facilitates in-depth study in the 

frequency and temporal domains. To evaluate the controller's performance, simulations were run with and 

without the FLC under the same input conditions. 
 

 

 
 

Figure 5. Simulink model of the proposed transformerless inverter system 
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Figure 6 shows the inverter output voltage when there is no fuzzy controller. Under fluctuating 

conditions, the system cannot sustain a pure sine wave in the output voltage due to the significant waveform 

distortion. The system's grid connectivity and power quality are impacted by this distortion, which leads to a 

high THD rating. 
 

 

 
 

Figure 6. Inverter output voltage without FLC 
 

 

Figure 7 shows the inverter output voltage when the FLC is used. The waveform appears 

significantly clearer and is almost exactly like a pure sine wave. This illustrates how the controller can adjust 

to different situations and improve the quality of the output voltage. 
 
 

 
 

Figure 7. Inverter output voltage with FLC 
 

 

The waveform enhancements were quantified using a fast Fourier transform (FFT) analysis.  

Figure 8 shows the FFT spectrum of the inverter output without the fuzzy controller, indicating a THD of 

36.51%. The high THD, which is much greater than what is allowed for grid-connected inverters, causes the 

waveform to be substantially distorted. 

On the other hand, Figure 9 shows the FFT spectrum when the fuzzy controller is used. The overall 

harmonic distortion has dramatically dropped to just 1.5%. This illustrates the controller's ability to reduce 

harmonics and support grid compliance.This significant improvement demonstrates how well fuzzy logic 

control handles the uncertainties and nonlinearities in PV power generation.Also, the simulation results show 

that the inverter can keep the voltage stable during sudden changes and switch smoothly between different 

operating points. These features are important for reliable and stable operation when the system is part of 
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real-world power networks that have changing power generation and use patterns. Overall, the results show 

several important things: 

- The FLC significantly enhances output waveform quality by minimizing harmonic content. 

- Voltage regulation is achieved even under rapidly changing irradiance and load conditions. 

- The proposed system meets critical performance benchmarks for grid-connected PV applications, 

including low THD and fast dynamic response. 

- The grounding strategy employed in the transformerless topology effectively eliminates leakage current 

without the need for galvanic isolation. 

These findings confirm that the proposed transformerless inverter system, combining intelligent control and 

advanced topology, offers a high-performance, compact, and cost-efficient solution for modern solar energy 

conversion.  
 

 

 
 

Figure 8. FFT analysis of inverter output without FLC (THD=36.51%) 
 
 

To further highlight the advantages of the proposed approach, a performance comparison with and 

without fuzzy logic control is presented in Table 2. The results show that the proposed controller drastically 

reduces THD and improves transient performance. 

For benchmarking, the proposed fuzzy logic-based PWM strategy was compared with conventional 

sinusoidal pulse width modulation (SPWM) and space vector pulse width modulation (SVPWM). Reported 

results in recent literature indicate that SPWM typically produces THD between 5–7% [23], whereas 

SVPWM achieves values near 3% [24], [25]. Under identical simulation conditions, SPWM in our system 

yielded 6.4% THD and SVPWM achieved 3.2%. Although both techniques provide acceptable performance, 

SPWM suffers from higher harmonic distortion, while SVPWM increases implementation complexity. In 

contrast, the proposed method achieved only 1.51% THD with superior dynamic response and moderate 

complexity, as summarized in Table 3. 

Furthermore, a sensitivity analysis was carried out by varying solar irradiance from 200 W/m² to 

1000 W/m². The proposed controller consistently maintained THD below 2% and ensured effective voltage 
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regulation across the entire operating range. In contrast, conventional SPWM exhibited degraded 

performance, with THD rising above 5% under low irradiance conditions. These results confirm the 

robustness of the fuzzy logic-based control strategy against environmental variations. 
 

 

 
 

Figure 9. FFT analysis of inverter output with FLC (THD=1.51%) 
 

 

Table 2. System performance comparison with and without FLC 
Condition THD (%) Response time (ms) Voltage regulation 

Without FLC 36.51 22 Poor 

With FLC 1.51 8 Excellent 

 

 

Table 3. Benchmark comparison of modulation techniques 
Technique THD (%) Dynamic response Complexity 

SPWM 6.4 Moderate Low 

SVPWM 3.2 Good High 
Proposed FLC-SPWM 1.51 Excellent Moderate 

 

 

5. CONCLUSION 

This paper has presented novel transformerless inverter architecture with integrated buck boost 

capability and intelligent fuzzy logic-based control for grid-connected PV applications. The proposed system 

was modeled and simulated using MATLAB/Simulink to assess its performance under varying 

environmental and load conditions. Using a buck boost setup inside a transformerless inverter allows for a 

wider range of voltage operation, making the system more adaptable to changes in solar energy input. 

Combining a FLC with a sine triangle PWM method improves the system's ability to respond quickly, 

maintains better voltage control, and greatly reduces unwanted electrical noise. Simulations show that using 

fuzzy logic control cuts THD from 36.51% to just 1.51%, meeting global power quality standards. The new 

grounding approach also reduces leakage current without needing an isolation transformer, making the 

system safer and more reliable. The entire system is promising for use in small, efficient, and affordable solar 
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power setups connected to the grid. Its simple design, ability to scale, and smart control features make it ideal 

for future smart energy systems. 

The present study is limited to simulation-based validation, and hardware prototype implementation 

is yet to be conducted. Additionally, the fuzzy rule base was manually designed, which may require adaptive 

tuning under extreme grid or environmental conditions. These limitations highlight the need for future 

experimental validation and controller optimization. 

Future work will involve experimental validation of the proposed inverter through hardware 

prototyping and real-time testing. Integration with advanced MPPT algorithms, such as perturb and observe 

(P&O) and incremental conductance will be explored to further enhance adaptability under fluctuating 

irradiance. Additional research will focus on adaptive learning-based optimization of the fuzzy rule base and 

long-term stability assessment under practical grid disturbances. 
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