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between the internal combustion engine and the electric motor. The research
employs a quantitative approach, using both simulations and real-world testing
of selected HEV models. Data on energy consumption and CO2 emissions
were collected and analyzed across various driving cycles. The results indicate
that the fuzzy logic-based energy management system significantly reduced
energy consumption by up to 21.6% and CO2 emissions by 22.2% compared
to traditional energy management systems. The fuzzy logic system
demonstrated superior adaptability to dynamic driving conditions, leading to
enhanced vehicle performance and sustainability. This study concludes that
fuzzy logic offers a robust solution for optimizing energy management in
hybrid vehicles, contributing to reduced fuel consumption and environmental
impact. Future research should focus on integrating machine learning
techniques and expanding the system’s application to a wider range of hybrid
and electric vehicle models.
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INTRODUCTION

The advancement of hybrid electric vehicles (HEVs) represents a significant milestone in
the evolution of sustainable transportation (D. Zhang et al., 2025). As the world confronts the
challenges of environmental degradation and diminishing fossil fuel reserves, the shift towards
energy-efficient and environmentally friendly technologies has become paramount (An et al.,
2025). Hybrid electric vehicles, which integrate both internal combustion engines and electric
motors, are considered a promising solution to these concerns (Sharma et al., 2025). Their
capability to combine the benefits of traditional engines and electric drivetrains offers
substantial improvements in fuel efficiency and a reduction in emissions (Burdova et al., 2025).
Over the last few decades, significant efforts have been made to optimize HEV systems,
focusing on increasing overall energy efficiency and minimizing the environmental impact.

In this context, energy management strategies (EMS) play a crucial role in determining
the performance and efficiency of HEVs (Dong et al., 2025). These strategies govern the
distribution of power between the engine and the electric motor, depending on driving
conditions, energy demand, and battery state of charge (Cui et al., 2025). The efficiency of an
EMS directly influences the vehicle’s energy consumption, emissions, and driving range (Y. Li
et al., 2026). In recent years, various approaches have been proposed to optimize the
performance of these systems, with fuzzy logic-based methods emerging as a promising tool
for dealing with the inherent uncertainties in energy management (Pham et al., 2025). Fuzzy
logic, with its ability to handle imprecise and vague information, aligns well with the complex
and nonlinear nature of HEV power management, making it an ideal candidate for optimizing
energy flow in hybrid systems.

The continuous integration of fuzzy logic into the EMS of HEVs has gained attention due
to its versatility and robustness (Ali et al., 2025). This method offers the flexibility to model
complex, real-world systems without the need for precise mathematical descriptions of the
variables involved (H. Zhang et al., 2025). Moreover, fuzzy logic systems allow for the
inclusion of expert knowledge, making them adaptive to various driving conditions (Meng et
al., 2025). The growing interest in fuzzy logic applications within hybrid electric vehicle
systems is a testament to its potential for improving energy efficiency and optimizing vehicle
performance in real-time.

Despite the promising capabilities of fuzzy logic in optimizing energy management for
hybrid vehicles, several challenges remain in the application of this technique (Y. Luo et al.,
2025). A significant issue arises from the complexity of real-world driving scenarios and the
wide range of factors that influence energy consumption and vehicle performance (Mottaghi &
Mansour, 2025). For instance, the varying road conditions, driver behavior, and environmental
factors such as temperature and humidity all contribute to the uncertainty that traditional
control systems struggle to address (Bao et al., 2025). These factors result in suboptimal energy
distribution, leading to inefficient fuel consumption and subpar performance of the vehicle.

Another issue lies in the dynamic nature of hybrid vehicle systems, where the power
demand fluctuates depending on the driving cycle (Ren et al., 2025). Existing energy
management strategies often fail to provide an efficient balance between the internal
combustion engine and the electric motor (Ahmed & Anisi, 2025). In some cases, this
imbalance leads to unnecessary fuel consumption, suboptimal battery usage, and premature
degradation of battery life (Celik et al., 2025). The absence of an adaptable and real-time
energy management system that can respond efficiently to these dynamic conditions is a major
limitation of current approaches (B. Chen et al., 2025). This research addresses these gaps by
proposing an enhanced fuzzy logic-based EMS capable of dynamically adjusting to real-time
driving conditions, thus improving overall vehicle efficiency and performance.

Moreover, there remains a lack of integration between the fuzzy logic-based EMS and
other vehicle subsystems such as regenerative braking and powertrain control (Yang et al.,
2025). These subsystems have a significant influence on the overall energy efficiency of the
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vehicle but are often treated as separate entities (H. Yu et al., 2025). The need for a holistic
approach that combines fuzzy logic with these subsystems is crucial to achieve a more
optimized energy management system that maximizes energy recovery and minimizes energy
loss during different driving phases (L. Yu et al., 2025). This study proposes a novel approach
that integrates fuzzy logic into the electronic control system, providing a comprehensive
solution to the problem of energy optimization in hybrid vehicles.

The primary objective of this study is to design and implement an optimized energy
management strategy based on fuzzy logic for hybrid electric vehicle systems (Shen et al.,
2025). By leveraging the capabilities of fuzzy logic, this research aims to develop a control
strategy that can efficiently balance the power distribution between the engine and the electric
motor in real-time (Bhayo et al., 2025). The study also seeks to improve the overall
performance of hybrid electric vehicles, ensuring better fuel efficiency, extended battery life,
and reduced emissions (Aleem et al., 2025). A critical aspect of this objective is to create a
system that can adapt to varying driving conditions, ensuring that the vehicle operates at its
highest efficiency throughout different scenarios.

A secondary objective is to integrate the fuzzy logic-based EMS with the hybrid
vehicle’s other subsystems, such as regenerative braking, powertrain control, and battery
management (Gopalakrishnan et al., 2025). By taking a holistic approach, this research intends
to develop an energy management system that not only optimizes power distribution but also
enhances energy recovery, ensuring that every aspect of the vehicle’s operation is working
toward maximizing efficiency (Elkerdany et al., 2025). This integration will allow for more
precise control over the vehicle’s power usage, reducing waste and improving the vehicle’s
overall energy performance.

Furthermore, this research aims to evaluate the performance of the proposed fuzzy logic-
based EMS in comparison with traditional energy management strategies (Ravindran &
Massoud, 2025). Through simulations and real-world testing, this study intends to assess the
improvements in energy efficiency, battery longevity, and emissions reduction (Shi et al.,
2025). The results of these evaluations will contribute valuable insights into the effectiveness
of fuzzy logic-based systems for optimizing energy management in hybrid electric vehicles and
provide a basis for future improvements in this area.

A critical review of existing literature reveals several gaps in the current understanding
and application of fuzzy logic in energy management for hybrid vehicles (Du et al., 2025).
While there is extensive research on the theoretical application of fuzzy logic in vehicle control
systems, few studies have focused on integrating fuzzy logic-based EMS with hybrid vehicle
subsystems (L. Luo et al., 2025). Many existing studies address the optimization of power
distribution between the engine and the electric motor but overlook the dynamic influence of
other subsystems such as regenerative braking and powertrain control on overall energy
efficiency (H. Li et al., 2025). Furthermore, the research on adaptive, real-time fuzzy logic
systems that can respond to the full spectrum of driving conditions remains limited.

Additionally, most of the research on fuzzy logic applications in hybrid vehicles is based
on simulation models rather than real-world experiments (Koundal et al., 2025). While
simulations provide valuable insights into theoretical performance, they often fail to account
for the variability and complexity of real-world driving scenarios (Wei et al., 2025). This gap
between theoretical research and practical implementation means that many of the proposed
systems have not been thoroughly tested or validated in actual driving conditions
(Garcia-Hernandez et al., 2025). This study aims to address these gaps by developing a fuzzy
logic-based EMS that is integrated with multiple vehicle subsystems and validated through
both simulation and real-world testing, ensuring the practical applicability of the proposed
solution.

Another important gap lies in the customization of fuzzy logic systems to meet the
unique needs of specific hybrid vehicle models and driving conditions (Liu et al., 2025). Most
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existing research takes a one-size-fits-all approach to fuzzy logic implementation, which may
not be optimal for all vehicle types or driving environments (Libbos et al., 2025). This research
will explore the customization of fuzzy logic systems based on the specific characteristics of
different hybrid vehicles, providing a more tailored approach to energy management that can
be adapted to various driving conditions.

This study introduces several novel contributions to the field of hybrid electric vehicle
energy management. First, it offers a comprehensive approach by integrating fuzzy logic with
multiple subsystems of the vehicle, including powertrain control, regenerative braking, and
battery management (X. Li et al., 2025). This integration ensures that the energy management
system operates holistically, optimizing the entire vehicle’s energy flow rather than focusing on
individual components. By doing so, the proposed system maximizes energy recovery,
minimizes energy losses, and improves overall vehicle performance in real-time.

Another innovative aspect of this research is the development of an adaptive fuzzy logic-
based EMS that dynamically adjusts to varying driving conditions. Unlike traditional energy
management systems that rely on predefined rules, the fuzzy logic approach allows the system
to adapt in real-time to fluctuations in road conditions, traffic, and driver behavior. This
adaptability is crucial for ensuring that the hybrid vehicle operates at optimal efficiency under
diverse and unpredictable conditions.

The importance of this research extends beyond the academic realm. The findings of this
study could have significant implications for the automotive industry, particularly in the
development of next-generation hybrid electric vehicles. By demonstrating the effectiveness of
fuzzy logic-based energy management strategies, this research can pave the way for more
efficient, cost-effective, and environmentally friendly vehicles. Additionally, the proposed
system can contribute to the ongoing efforts to reduce global carbon emissions, providing a
tangible solution to some of the most pressing environmental challenges faced by the
transportation sector.

RESEARCH METHOD
Research Design

The study adopts a quantitative approach utilizing a descriptive-experimental design to
evaluate a fuzzy logic-based energy management strategy (EMS) for hybrid electric vehicles
(HEVs) (Z. Chen & Zhi, 2025). This design integrates both computer-based simulations and
physical real-world testing to compare the proposed system’s effectiveness against traditional
energy management methods (Z. Chen & Zhi, 2025). The core objective is to optimize energy
distribution between the internal combustion engine and the electric motor, specifically
focusing on the synergy between fuzzy logic control, regenerative braking, and powertrain
subsystems to enhance overall vehicle efficiency.

Research Target/Subject

The research population encompasses hybrid electric vehicle models equipped with
electronic control systems compatible with fuzzy logic integration. Using purposive sampling,
the study selects specific HEV models that have been previously vetted in real-world driving
conditions. This sample includes a diverse range of vehicles to ensure that the findings
regarding energy efficiency and battery lifespan can be generalized across various hybrid
configurations. Each selected vehicle is outfitted with the necessary hardware and software
interfaces required to execute the fuzzy logic control protocols.

Research Procedure

The experimental process is executed in several rigorous stages, beginning with the
recording of baseline performance data from non-optimized vehicles. Following this, the fuzzy
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logic-based EMS is integrated and calibrated to the specific parameters of each vehicle model.
The testing phase involves running simulations across various driving cycles, followed by
physical trials in controlled environments that replicate typical traffic scenarios. Throughout
these tests, data on emissions, fuel efficiency, and battery cycles are continuously logged,
allowing for a direct comparison between the optimized fuzzy logic system and conventional
energy management methods.

Instruments, and Data Collection Techniques

To gather comprehensive data, the study employs a multi-faceted toolkit consisting of a
custom-built fuzzy logic EMS, onboard diagnostic (OBD) tools, and specialized simulation
software. The primary control system uses integrated sensors to monitor critical metrics such as
battery state of charge (SoC), fuel consumption, and powertrain performance in real-time.
While simulations provide theoretical modeling of performance, real-world data is captured
during controlled driving tests across urban and highway terrains. Additionally, the study
incorporates qualitative instruments, such as questionnaires and interviews, to capture driver
feedback on user satisfaction and perceived vehicle handling.

Data Analysis Technique

The analysis phase focuses on a comparative evaluation of the performance metrics
gathered during the testing stages. To determine the statistical significance of the
improvements in energy management, the study utilizes paired sample t-tests, comparing the
baseline data against the results achieved with the fuzzy logic system. These statistical
techniques allow the researchers to objectively measure enhancements in fuel economy and
energy distribution. The resulting data is then synthesized to conclude whether the proposed
fuzzy logic strategy provides a statistically superior alternative to traditional EMS frameworks.

RESULTS AND DISCUSSION

The collected data comprises both secondary data from vehicle performance models and
primary data from real-world testing. Data on energy consumption, fuel efficiency, battery state
of charge, and emissions were recorded for the baseline performance and after the
implementation of the fuzzy logic-based energy management system (EMS). The collected data
were then aggregated into a table for clarity. Table 1 presents the average energy consumption
(in kWh) for both the baseline system and the fuzzy logic-optimized system across three
different driving cycles: urban, highway, and mixed traffic conditions.

Table 1: Energy Consumption (kWh) for Hybrid Electric Vehicles

Driving Cycle Baseline System Fuzzy Logic %
System Improvement
Urban 15.2 12.1 20.3%
Highway 10.8 8.6 20.4%
Mixed 13.4 10.5 21.6%

The data indicates that the fuzzy logic-based EMS led to a noticeable improvement in
energy efficiency across all driving cycles. The urban driving cycle, which involves frequent
acceleration and deceleration, saw the most significant improvement, with a reduction in
energy consumption by 20.3%. Similarly, the highway and mixed driving cycles showed
reductions of 20.4% and 21.6%, respectively. These results suggest that the fuzzy logic EMS is
effective in optimizing the power distribution between the engine and electric motor, enhancing
energy efficiency even under varied driving conditions.

This improvement can be attributed to the adaptive nature of the fuzzy logic system,
which is capable of real-time adjustments based on changing driving conditions. During urban
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driving, where stop-and-go traffic is frequent, the fuzzy logic system better optimizes the
powertrain usage, reducing unnecessary fuel consumption. On highways, where steady speeds
are maintained, the system ensures that the electric motor is utilized more efficiently,
decreasing the reliance on the internal combustion engine. The data demonstrate the fuzzy logic
system’s ability to optimize energy use based on dynamic real-time input.

In addition to energy consumption, data on vehicle emissions were also recorded during
both the baseline and fuzzy logic-optimized testing phases. The emissions data were collected
in terms of CO2 output in grams per kilometer (g/km). Table 2 presents the comparison
between the baseline system and the fuzzy logic system for CO2 emissions across the same
driving cycles. The reduction in CO2 emissions was substantial across all cycles, with the
fuzzy logic system achieving improvements in emissions efficiency.

Table 2: CO2 Emissions (g/km) for Hybrid Electric Vehicles

Driving Cycle Baseline System Fuzzy Logic %
System Improvement
Urban 130.5 104.7 19.7%
Highway 98.2 76.4 22.2%
Mixed 115.3 90.3 21.7%

The inferential analysis involved comparing the energy consumption and emissions data
between the baseline and fuzzy logic systems using paired sample t-tests. The statistical
analysis revealed that all differences in energy consumption and CO2 emissions between the
baseline and fuzzy logic systems were statistically significant, with p-values less than 0.05 for
all three driving cycles. The results indicate that the fuzzy logic EMS significantly improves
both energy efficiency and emissions reduction in hybrid vehicles, providing evidence that the
system’s optimization capabilities go beyond mere theoretical improvements.

The improvements in fuel efficiency and emissions reduction are further validated by the
statistical significance of the differences observed between the two systems. These findings
align with the hypothesis that fuzzy logic can enhance the overall performance of hybrid
vehicle energy management systems by adapting to dynamic driving conditions, thereby
leading to more efficient fuel usage and reduced environmental impact.

The relationship between energy consumption and CO2 emissions is particularly
significant in this study, as both are closely linked to the efficiency of the energy management
system. The reductions in energy consumption observed with the fuzzy logic system correlate
strongly with the reductions in CO2 emissions. As the energy consumption decreases, fewer
resources are needed to generate power, leading to lower emissions. This relationship
demonstrates that improving energy efficiency through fuzzy logic also contributes to
environmental sustainability by reducing the carbon footprint of hybrid vehicles.

Additionally, the observed reduction in CO2 emissions highlights the importance of
optimizing energy management not only from an operational efficiency standpoint but also
from an ecological perspective. The fuzzy logic system’s ability to reduce fuel consumption
directly results in a smaller environmental impact, which is crucial for hybrid electric vehicles
aiming to be a cleaner alternative to traditional vehicles.
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Figure 1 Performance Comparison: Baseline EMS vs Fuzzy Logic EMS on Toyota Prius

Hybrid

In the case study, a specific hybrid vehicle model, the Toyota Prius Hybrid, was selected
for the real-world testing phase. The vehicle was equipped with both the baseline EMS and the
fuzzy logic EMS to test the actual impact of the energy management system in a variety of
driving conditions. During a series of controlled tests on urban, highway, and mixed traffic
routes, the Toyota Prius demonstrated significant reductions in energy consumption and
emissions with the fuzzy logic system. The results from the case study align with the broader
findings of the study, reinforcing the effectiveness of fuzzy logic in real-world applications.

The Toyota Prius was subjected to various environmental and driving conditions,
providing a practical test environment for evaluating the fuzzy logic system. Results from this
case study provide real-world evidence of the fuzzy logic system’s capability to optimize
energy usage, enhance fuel efficiency, and reduce emissions, making it a promising solution
for improving hybrid vehicle performance in diverse conditions.

The data from the case study of the Toyota Prius Hybrid further corroborates the
statistical findings. The vehicle’s energy consumption decreased by 20.5% in urban driving,
21.2% on highways, and 22.3% in mixed driving conditions when using the fuzzy logic
system. CO2 emissions followed a similar trend, with a reduction of 20.1% in urban
conditions, 22.4% on highways, and 21.8% in mixed conditions. These results reinforce the
positive impact of the fuzzy logic EMS on both fuel efficiency and emissions reduction,
providing practical validation for the simulation-based findings.

This case study data provides a concrete example of how fuzzy logic-based energy
management can be implemented and tested in a real-world hybrid vehicle, showcasing its
potential for improving vehicle performance. The alignment between the case study results and
the broader dataset confirms the consistency of the fuzzy logic system’s effectiveness across
different vehicle models and driving scenarios.
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Figure 2 Fuzzy Logic Optimizes Hybrid Vehicle Energy

The results from both simulation and real-world testing validate the effectiveness of
fuzzy logic in optimizing energy management for hybrid electric vehicles. The significant
reductions in energy consumption and CO2 emissions across various driving cycles
demonstrate the potential of fuzzy logic-based EMS to enhance vehicle performance while
contributing to environmental sustainability. The statistical significance of these improvements,
along with the case study data, provides strong evidence that fuzzy logic can play a critical role
in the future development of more efficient and eco-friendly hybrid electric vehicles. This
study contributes valuable insights into the application of fuzzy logic in the automotive
industry, paving the way for future innovations in energy management systems for hybrid and
electric vehicles.

This study demonstrates that the fuzzy logic-based energy management system (EMS)
significantly improves energy efficiency and reduces CO2 emissions in hybrid electric vehicles
(HEVs) across various driving cycles. The findings reveal substantial reductions in energy
consumption and emissions, with improvements ranging from 20.3% to 21.6% in energy
efficiency and 19.7% to 22.2% in CO2 emissions when comparing the baseline system to the
fuzzy logic system. These results suggest that fuzzy logic can effectively optimize the energy
distribution between the internal combustion engine and the electric motor in real-time,
improving vehicle performance under different driving conditions, including urban, highway,
and mixed traffic environments. The study also highlights the successful integration of fuzzy
logic with other vehicle subsystems, such as regenerative braking and powertrain control,
contributing to the overall enhancement in energy management.

The results of this study align with previous research on fuzzy logic-based energy
management systems, such as the work by Raza et al. (2020) and Wei et al. (2019), who
similarly found that fuzzy logic could optimize energy distribution and reduce fuel
consumption in hybrid vehicles. However, this study goes beyond existing research by
incorporating a holistic approach that integrates fuzzy logic with various vehicle subsystems,
including regenerative braking, powertrain control, and battery management, offering a more
comprehensive solution to energy optimization. Additionally, while other studies focused
primarily on theoretical simulations, this research validates its findings through real-world
testing, bridging the gap between simulation models and actual vehicle performance. The
improvements in both energy consumption and emissions observed in this study surpass the
typical results reported in prior studies, highlighting the advanced capabilities of the fuzzy
logic approach in hybrid vehicle applications.

The results indicate that fuzzy logic-based systems have the potential to revolutionize the
way energy management is handled in hybrid electric vehicles. The success of this system
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reflects the growing importance of adaptive, real-time control strategies in modern automotive
technology. As hybrid vehicles become more advanced, the need for systems that can adjust
dynamically to driving conditions is critical. This research suggests that fuzzy logic is well-
suited to address the inherent uncertainties and complexities of real-world driving, offering a
more flexible and responsive energy management solution compared to traditional control
strategies. The study also implies that further refinement and integration of fuzzy logic into
hybrid systems could lead to even greater improvements in vehicle performance and
environmental sustainability.

The implications of these findings are far-reaching for the future of hybrid vehicle
development. The successful implementation of fuzzy logic in energy management systems
can significantly enhance the overall efficiency and sustainability of hybrid vehicles. This
research suggests that automakers and energy management system developers should prioritize
the adoption of fuzzy logic to optimize energy usage, reduce emissions, and extend battery life
in hybrid and electric vehicles. Moreover, the findings support the idea that integrating fuzzy
logic with other subsystems, such as regenerative braking and powertrain control, can offer a
more comprehensive solution to energy management, leading to more efficient, eco-friendly,
and cost-effective vehicles (Lin et al., 2025). The broader adoption of such systems could play
a key role in meeting global sustainability goals by reducing the carbon footprint of the
transportation sector.

The results of this study can be attributed to the inherent advantages of fuzzy logic in
handling complex, nonlinear, and uncertain systems, such as those found in hybrid vehicles.
Traditional energy management systems rely on predefined rules and fixed strategies, which
may not be adaptable enough to optimize performance in real-time under varying conditions. In
contrast, fuzzy logic systems are designed to mimic human decision-making, allowing them to
process imprecise inputs and adapt to dynamic changes in driving behavior, road conditions,
and traffic patterns. This adaptability makes fuzzy logic particularly effective for managing the
complex interactions between the internal combustion engine and electric motor, resulting in
improved energy efficiency and reduced emissions. The real-time adjustments made by the
fuzzy logic system, based on driving conditions, contribute to its superior performance
compared to traditional methods.

The next steps following this study involve further testing and refinement of the fuzzy
logic-based EMS in diverse driving environments and with a broader range of hybrid vehicle
models. Future research should focus on expanding the system’s applicability to electric
vehicles (EVs) and plug-in hybrid electric vehicles (PHEVs), exploring its potential to optimize
energy management in these systems as well. Additionally, researchers could investigate the
integration of machine learning algorithms with fuzzy logic to create even more adaptive and
intelligent systems that can learn from driving patterns and predict future energy demands.
Collaborative efforts between automakers, researchers, and policymakers should focus on
accelerating the adoption of advanced energy management systems in hybrid and electric
vehicles, with an emphasis on real-world performance testing and environmental impact
reduction.

CONCLUSION

The most significant finding of this research is the successful implementation of a fuzzy
logic-based energy management system (EMS) in hybrid electric vehicles (HEVs), which
resulted in substantial improvements in both energy efficiency and CO2 emissions reduction
across various driving conditions. The study revealed that the fuzzy logic system led to energy
consumption reductions of up to 21.6% and CO2 emissions reductions of up to 22.2%,
compared to traditional energy management systems. This outcome highlights the effectiveness
of fuzzy logic in optimizing power distribution between the internal combustion engine and
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electric motor in real-time, enabling vehicles to operate more efficiently. The research also
demonstrated that integrating fuzzy logic with other subsystems, such as regenerative braking
and powertrain control, offers a more comprehensive solution to hybrid vehicle energy
management, further enhancing overall vehicle performance.

The contribution of this research lies primarily in its novel approach to integrating fuzzy
logic into hybrid vehicle energy management systems. While fuzzy logic has been explored in
earlier studies, this research distinguishes itself by implementing a holistic approach that
incorporates fuzzy logic not only for energy distribution but also for optimizing the operation
of related subsystems, including regenerative braking and powertrain control. Additionally, the
research fills a gap by validating the proposed system through both simulation and real-world
testing, making it more applicable to actual vehicle performance. The study introduces a
method that can be tailored to different hybrid vehicle models and driving environments, thus
expanding the practical applicability of fuzzy logic in optimizing hybrid vehicle energy
systems. The results provide a strong foundation for future development in energy management
strategies that aim to reduce fuel consumption and environmental impact in the automotive
sector.

Despite the promising results, this study has several limitations that need to be addressed
in future research. One limitation is the focus on a limited number of hybrid vehicle models,
which may not fully represent the diversity of hybrid systems available in the market. Future
studies should explore the effectiveness of the fuzzy logic-based EMS in a broader range of
hybrid and electric vehicle models to determine its generalizability. Furthermore, the current
research focuses primarily on energy consumption and emissions reduction but does not
explore other factors, such as the long-term impacts on battery degradation and the cost-
effectiveness of implementing such systems in production vehicles. Future research should
investigate the potential economic benefits and the long-term sustainability of fuzzy logic-
based systems in hybrid vehicles, as well as explore the integration of machine learning
techniques to make the fuzzy logic system even more adaptive to varying driving conditions.
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