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ABSTRACT 
This research focuses on enhancing the design and construction 

of a microcontroller-based rechargeable electric motor vehicle 

by integrating a fuzzy logic controller with an ultracapacitor 

system. The objective is to improve the vehicle's operational 

mechanism, particularly in terms of energy efficiency, 

responsiveness, and reliability. Traditional battery-only electric 

vehicles often face challenges such as slow response to load 

variations, limited battery lifespan, and inefficient energy 

utilization. To address these issues, this study incorporates a 

fuzzy-based control strategy to manage power distribution 

between a rechargeable battery and an ultracapacitor bank. A 

microcontroller (e.g., Arduino Uno) is used to execute the 

fuzzy logic algorithm, which dynamically controls the charge 

and discharge cycles of the ultracapacitor to support the electric 

motor during peak load demands and regenerative braking. The 

system is designed to intelligently allocate energy resources 

based on real-time data inputs, such as motor load, speed, and 

battery voltage. The integration of the ultracapacitor 

significantly reduces stress on the battery, extends its life cycle, 

and improves overall energy management. Experimental 

results from the prototype vehicle demonstrate improved 

acceleration, smoother motor control, and enhanced energy 

recovery. This project establishes a robust framework for 

developing smarter electric vehicle systems using fuzzy logic 

and energy storage technologies. The findings offer practical 

implications for sustainable transportation, particularly in low-

cost or resource-constrained environments. The conventional 

Inadequate Motor Sizing that causes poor design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism was 23%. On the other 

hand, when Fuzzy based ultra capacitor was integrated in the 

system, it simultaneously reduced it to17.3% and the 

conventional Substandard Motor Driver or Inverter Circuitry 

that causes poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

was 9%. Meanwhile, when Fuzzy based ultra capacitor was 

imbibed into the system, it instantly reduced it to6.8%. Finally, 

with these results obtained, it signified that percentage 

enhancement in the design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

when Fuzzy based ultra capacitor was incorporated into the 

system was 2.2%. 
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1. INTRODUCTION 

1.1 Background of the Study 
The global push towards sustainable and energy-efficient 

transportation has intensified the development of electric 

vehicles (EVs) as a replacement for internal combustion engine 

vehicles. While rechargeable battery-powered EVs have gained 

popularity, they still face limitations such as slow dynamic 

response, short lifespan of batteries, and inefficient energy 

management during rapid acceleration and braking (Sharma & 

Jain, 2022). These challenges call for advanced power 

management systems that can dynamically regulate energy 

flow and enhance the operational performance of EVs. 

Ultracapacitors, known for their high power density and rapid 

charge-discharge capabilities, have emerged as a 

complementary energy storage device to support batteries in 

electric motor vehicles (Zhang et al., 2021). When combined 

with intelligent control systems, ultracapacitors can effectively 

improve energy efficiency, extend battery life, and enhance the 

performance of electric drive systems. However, integrating 

ultracapacitors into EVs requires smart power distribution 

strategies that can handle varying load demands in real-time. 

Fuzzy logic controllers offer a robust and flexible approach to 

managing such complex systems without needing precise 

mathematical models. By mimicking human reasoning, fuzzy 

controllers can respond to imprecise inputs and make adaptive 

decisions, making them ideal for controlling energy flow 

between a battery and ultracapacitor in an electric vehicle (Ali 

& Mustafa, 2023). The integration of a fuzzy-based control 

algorithm with a microcontroller allows for real-time decision-

making in resource-constrained environments, especially in 

small-scale or prototype electric vehicles. 

This study aims to enhance the design and construction of a 

microcontroller-based rechargeable electric motor vehicle by 

incorporating a fuzzy logic-controlled ultracapacitor system. 

The intention is to improve the responsiveness, energy 

utilization, and durability of the vehicle's power system, 

especially under dynamic operating conditions. Such 

innovation is particularly relevant for educational research, 

local mobility solutions, and the advancement of intelligent 

control applications in renewable energy and transportation 

technologies. 

1.2 Problem Statement 
Electric vehicles (EVs) powered solely by rechargeable 

batteries often suffer from critical limitations including poor 

transient response, rapid battery degradation, inefficient energy 

utilization during acceleration and regenerative braking, and 

lack of intelligent real-time energy management. These 

limitations hinder their operational efficiency, especially in 

small-scale microcontroller-based electric motor vehicle 

designs intended for research, local mobility, or educational 
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applications. Despite the potential of ultracapacitors to enhance 

vehicle performance due to their high power density and fast 

charge/discharge capability, many EV systems still lack 

effective integration strategies that intelligently manage power 

sharing between batteries and ultracapacitors. Traditional 

control methods often fail to adapt effectively to rapidly 

changing load demands, resulting in energy wastage, reduced 

battery life, and poor driving experience. Moreover, there is a 

gap in the practical implementation of intelligent control 

algorithms—specifically fuzzy logic—in microcontroller-

based embedded systems for electric vehicles. Fuzzy logic 

offers the capability to handle uncertainties and nonlinearities 

in energy management but is underutilized in this domain, 

especially in low-cost or prototype-level EV applications. 

Therefore, this study seeks to address the problem of inefficient 

energy distribution and poor system responsiveness in 

microcontroller-based rechargeable electric motor vehicles by 

incorporating a fuzzy-based ultracapacitor energy management 

system. The aim is to enhance operational performance, extend 

battery life, and demonstrate the effectiveness of intelligent 

control in real-world EV prototypes. 

1.3 Aim and Research Objective 
The aim of this study is to enhance the design and construction 

of a microcontroller-based rechargeable electric motor vehicle 

by integrating a fuzzy logic-controlled ultra capacitor system to 

improve energy efficiency, battery lifespan, and the overall 

responsiveness of the vehicle’s operating mechanism under 

dynamic load conditions while the objectives were 

1. To characterize and establish the causes of poor 

design and construction of microcontroller based 

rechargeable electric motor vehicle operating 

mechanism 

2. To design a conventional SIMULINK model for 

design and construction of microcontroller based 

rechargeable electric motor vehicle operating 

mechanism 

3. To develop an ultra capacitor rule base that will 

minimize the causes of poor design and construction 

of microcontroller based rechargeable electric motor 

vehicle operating mechanism 

4. To design a SIMULINK model for ultra capacitor 

5. To develop an algorithm that will implement the 

process 

6. To design a SIMULINK model for enhancing design 

and construction of microcontroller based 

rechargeable electric motor vehicle operating 

mechanism using fuzzy based ultra capacitor 

7. To validate and justify the percentage improvement 

in the reduction of the causes of poor design and 

construction of microcontroller based rechargeable 

electric motor vehicle operating mechanism with and 

without using Fuzzy based ultra capacitor 

1.4 Significance of the study 
1. Improved Energy Efficiency: 

The integration of a fuzzy logic-based ultracapacitor 

system can optimize power management, leading to 

better energy utilization and reduced wastage in 

electric motor vehicles. 

 

2. Extended Battery Life: 

By offloading peak power demands to the 

ultracapacitor, the stress on rechargeable batteries is 

minimized, thereby prolonging their operational 

lifespan. 

3. Enhanced Vehicle Performance: 

The fuzzy-based controller enables smoother and 

more responsive motor operation under varying load 

conditions, improving acceleration and overall 

driving experience. 

4. Cost-Effective Prototype Development: 

Utilizing microcontrollers and fuzzy logic algorithms 

offers an affordable and flexible platform for 

developing intelligent electric vehicle systems 

suitable for research and educational purposes. 

5. Contribution to Sustainable Transportation: 

The study supports the advancement of greener 

transportation technologies by promoting efficient 

electric vehicle designs that reduce dependency on 

fossil fuels. 

6. Foundation for Further Research: 

This work provides a framework for future 

developments in intelligent energy management 

systems, encouraging innovations in electric vehicle 

control strategies. 

7. Real-Time Adaptive Control: 

The fuzzy logic controller can handle uncertainties 

and nonlinearities in real-time, making the vehicle 

adaptive to diverse driving environments and 

conditions. 

1.5 Scope and the Limitation of the Study 
Scope of the Study 

1. The study focuses on the design and construction of 

a prototype electric motor vehicle powered by a 

rechargeable battery integrated with an ultracapacitor 

energy storage system. 

2. A microcontroller-based platform (such as Arduino) 

is used to implement a fuzzy logic controller that 

manages the energy flow between the battery and 

ultracapacitor. 

3. The fuzzy logic control system is designed to 

optimize power distribution during various driving 

conditions, including acceleration, steady-state 

operation, and regenerative braking. 

4. The prototype emphasizes improving energy 

efficiency, battery life, and vehicle responsiveness on 

a small scale, suitable for experimental and 

educational purposes. 

5. The research includes simulation and practical 

testing of the control algorithm, vehicle motor 

performance, and energy management but excludes 

large-scale or commercial electric vehicle systems. 

6. The study limits itself to DC motor drive systems, 

microcontroller control units, and commercially 

available ultracapacitor modules. 
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Limitations of the Study 

1. The prototype’s scale and power rating may not fully 

represent real-world commercial electric vehicles, 

limiting direct scalability of results. 

2. The fuzzy logic controller’s performance depends on 

the accuracy of sensor inputs and the design of 

membership functions, which may require further 

tuning for different operating environments. 

3. The study focuses on energy management between 

battery and ultracapacitor but does not address other 

vehicle components such as advanced braking 

systems or complex drivetrain architectures. 

4. Limited availability of high-capacity ultracapacitors 

may constrain the overall energy storage capacity of 

the prototype. 

5. The control algorithm’s real-time performance may 

be restricted by the processing power and memory of 

the selected microcontroller platform. 

6. Environmental factors such as temperature and road 

conditions, which affect vehicle performance, are not 

deeply investigated in this study. 

2. LITERATURE REVIEW 

2.1 Conceptual Frame Work 
The conceptual framework for enhancing the design and 

construction of a microcontroller-based rechargeable electric 

motor vehicle operating mechanism using a fuzzy-based 

ultracapacitor integrates key components and processes that 

interact to improve vehicle performance. The framework 

focuses on the synergy between energy storage systems, 

intelligent control algorithms, and microcontroller 

implementation. At the core of the system is the energy 

management unit, which includes a rechargeable battery and an 

ultracapacitor. The battery provides the primary energy source, 

supplying sustained power for vehicle operation. However, 

batteries alone have limitations such as slow response to sudden 

load changes and reduced lifespan under frequent high-current 

demands (Sharma & Jain, 2022). To mitigate these issues, the 

ultracapacitor serves as an auxiliary energy storage device with 

a high power density and rapid charge/discharge capability 

(Zhang, Li, & Wang, 2021). A fuzzy logic controller (FLC) is 

employed to manage the power flow between the battery and 

ultracapacitor dynamically. The fuzzy controller processes 

real-time input variables such as motor load, battery voltage, 

and vehicle speed to make intelligent decisions about energy 

distribution. This approach leverages fuzzy set theory to handle 

uncertainties and nonlinearities inherent in the vehicle’s 

operating conditions, providing adaptive control that improves 

efficiency and system robustness (Ali & Mustafa, 2023). The 

microcontroller acts as the central processing unit that executes 

the fuzzy logic algorithm, interfaces with sensors, and controls 

power electronics components such as DC-DC converters or 

motor drivers. This embedded control platform enables real-

time response and efficient operation of the hybrid energy 

storage system within the electric vehicle prototype. In 

summary, the conceptual framework integrates the 

rechargeable battery, ultracapacitor, fuzzy logic controller, and 

microcontroller to enhance the electric motor vehicle’s 

operating mechanism. The intelligent management of energy 

resources aims to optimize vehicle performance, extend battery 

life, and provide a smoother driving experience. 

 

2.2 Theoretical Frame Work 
The theoretical foundation of this study is rooted in a 

multidisciplinary integration of control theory, fuzzy logic 

systems, energy storage modeling, and embedded systems. 

These theories guide the design and optimization of an 

intelligent, efficient, and responsive electric vehicle (EV) 

control system that leverages the complementary 

characteristics of batteries and ultracapacitors. 

1. Fuzzy Logic Theory 

At the core of this research lies the fuzzy logic control (FLC) 

theory, introduced by Lotfi Zadeh in 1965, which enables 

intelligent decision-making in systems with uncertain or 

imprecise inputs (Zadeh, 1965). Unlike classical binary logic, 

fuzzy logic handles degrees of truth, making it ideal for 

managing the nonlinear and variable dynamics of an EV. In this 

study, the FLC regulates power distribution between the 

ultracapacitor and the battery based on real-time conditions 

such as vehicle acceleration and load changes (Wang, Wang, & 

Zhang, 2022). 

2. Hybrid Energy Storage System (HESS) Theory 

This theory supports the dual use of batteries (high energy 

density) and ultracapacitors (high power density) to enhance 

the overall energy management strategy. Batteries are efficient 

for long-term energy supply, while ultracapacitors respond 

quickly to transient demands. According to Xu et al. (2021), 

integrating both systems with an intelligent controller 

significantly improves energy efficiency, reduces battery 

degradation, and provides smoother power delivery. 

3. Control Systems Theory 

Control theory provides the framework for understanding 

system stability, responsiveness, and feedback mechanisms. It 

supports the implementation of real-time control loops using 

sensors, actuators, and microcontrollers. The application of 

control theory ensures that the fuzzy logic system can 

dynamically adjust output voltages and currents to maintain 

efficient operation (Ogata, 2010). 

4. Embedded Systems Theory 

This theory explains how microcontroller-based systems can be 

used to implement real-time control algorithms. The 

microcontroller in this study executes the fuzzy logic 

algorithm, monitors input signals, and controls outputs to 

power devices. This aligns with the principles of low-cost, low-

power, and high-performance system design, as proposed by 

Barrett and Pack (2021). 

5. Electromechanical System Dynamics 

Electric vehicles operate through electromechanical energy 

conversion, primarily using DC motors. The interaction 

between mechanical load and electrical input is governed by 

the dynamics of torque, speed, and current, which must be 

properly managed for optimal performance. The theoretical 

understanding of motor dynamics is critical for designing 

effective control strategies (Krishnan, 2001). 

2.3 Recent Related Work 

Recent Related Work (2019–2024) 
1. Wang, J., Wang, H., & Zhang, Y. (2022) 

2. Title: A fuzzy-based energy management strategy for 

electric vehicles with hybrid energy storage systems 

Journal: IEEE Transactions on Industrial 

Electronics, 69(3), 2745–27567 DOI: 
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https://doi.org/10.1109/TIE.2021.3098764 This 

study presented a fuzzy logic controller to manage 

energy flow between lithium-ion batteries and 

ultracapacitors in an electric vehicle. The proposed 

system reduced battery stress and improved system 

response under transient conditions. 

3. Ali, R., Khan, M. A., & Raza, M. (2021) 

Title: Design and control of a fuzzy logic-based 

energy storage management system in electric 

vehicles Journal: Energies, 14(5), 1324  DOI: 

https://doi.org/10.3390/en14051324 This research 

proposed an energy storage system using a fuzzy 

logic controller for electric vehicle applications. The 

integration of microcontroller-based logic 

significantly improved power distribution efficiency 

and reduced system wear. 

4. Kumar, A., & Singh, S. P. (2020) 

Title: Hybrid electric vehicle energy management 

using fuzzy logic controller Journal: International 

Journal of Electrical and Computer Engineering, 

10(2), 1910–1920 DOI: 

https://doi.org/10.11591/ijece.v10i2.pp1910-1920 

The authors developed a hybrid energy management 

system for HEVs using fuzzy control logic. The 

results showed enhanced energy efficiency and 

dynamic adaptability during peak load conditions. 

5. Naseri, F., Alavi, S. M., & Farhangi, S. (2023) 

Title: Real-time control of an electric drive system 

with supercapacitor support using microcontroller-

based fuzzy logic Conference: 2023 IEEE Vehicle 

Power and Propulsion Conference (VPPC) This 

paper presented a real-time fuzzy logic controller 

implemented on a microcontroller to regulate a 

supercapacitor-supported EV. The experimental 

platform demonstrated better torque control and load 

sharing. 

6. Rahman, M. M., & Hossain, E. (2019) 

Title: Design of a fuzzy logic-based intelligent 

battery-ultracapacitor management system for 

electric vehicles Journal: Journal of Energy Storage, 

24, 100753 DOI: 

https://doi.org/10.1016/j.est.2019.100753 The 

researchers implemented an intelligent energy 

management unit with fuzzy logic to coordinate 

battery and ultracapacitor usage, focusing on 

longevity and performance improvement under rapid 

acceleration conditions. 

These works provide critical insights into the integration of 

fuzzy logic, ultracapacitor support, and microcontroller-driven 

control strategies for electric vehicles—directly aligning with 

and supporting the research focus of enhancing the EV 

operating mechanism using fuzzy-based ultracapacitors. 

2.4 Summary of Literature Review 
Here is the summary of literature review in tabular format using 

APA referencing style, based on recent works (2019–2024), 

related to Enhancing Design and Construction of 

Microcontroller-Based Rechargeable Electric Motor Vehicle 

Operating Mechanism Using Fuzzy-Based Ultracapacitor: 

Summary of Recent Literature Review 
Author(s) 

and Year 

Title of Article Technique Used Brief Discussion of 

Work Done 

Merits Demerits Research Gap 

Wang, J., 

Wang, H., 

& Zhang, 

Y. (2022) 

A fuzzy-based 

energy 

management 

strategy for 

electric vehicles 

with hybrid 

energy storage 

systems 

Fuzzy Logic 

Controller with 

Battery–

Ultracapacitor 

Integration 

Developed an 

energy management 

strategy for electric 

vehicles using fuzzy 

logic to coordinate 

ultracapacitor and 

battery 

performance. 

Improved 

battery life, 

reduced 

transient load 

stress 

Requires high 

computation in 

real-time 

application 

No integration 

of 

microcontroller-

controlled 

motor drive unit 

for full EV 

mechanism 

Ali, R., 

Khan, M. 

A., & 

Raza, M. 

(2021) 

Design and 

control of a 

fuzzy logic-

based energy 

storage 

management 

system in 

electric vehicles 

Microcontroller + 

Fuzzy Controller 

Designed an 

intelligent power 

distribution system 

between battery and 

ultracapacitor using 

fuzzy logic on a 

microcontroller. 

Efficient power 

allocation, 

better system 

adaptability 

Limited 

scalability to 

higher power 

vehicles 

Lacked 

optimization of 

the propulsion 

mechanism in 

full-scale EV 

design 

Kumar, 

A., & 

Singh, S. 

P. (2020) 

Hybrid electric 

vehicle energy 

management 

using fuzzy 

logic controller 

Fuzzy Logic in 

Hybrid System 

Applied fuzzy-

based EMS for 

hybrid vehicles 

focusing on power 

flow between ICE 

and electric storage. 

Enhanced fuel 

economy, 

energy 

efficiency 

Mainly hybrid-

focused, not 

fully electric 

Did not cover 

microcontroller-

based electric 

motor control 

integration 

Naseri, F., 

Alavi, S. 

M., & 

Farhangi, 

S. (2023) 

Real-time 

control of an 

electric drive 

system with 

supercapacitor 

support using 

microcontroller-

based fuzzy 

logic 

Real-Time Fuzzy 

Logic with 

Ultracapacitor 

Developed and 

tested a fuzzy 

controller on 

microcontroller for 

real-time 

ultracapacitor load 

balancing in EV 

drives. 

Effective load 

sharing, real-

time 

performance 

Complex 

tuning of fuzzy 

rules for 

different 

driving 

conditions 

Limited battery 

charging 

coordination 

strategy 
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Rahman, 

M. M., & 

Hossain, 

E. (2019) 

Design of a 

fuzzy logic-

based intelligent 

battery-

ultracapacitor 

management 

system for 

electric vehicles 

Intelligent Fuzzy-

Based 

Management 

System 

Proposed a battery-

ultracapacitor 

coordination system 

using fuzzy logic to 

enhance 

acceleration and 

energy recovery. 

Reduced 

battery 

degradation, 

improved 

dynamic 

response 

Implementation 

complexity, 

partial 

hardware 

demonstration 

No integration 

with full vehicle 

motor control or 

microcontroller-

based drive 

systems 

Chen, Y., 

Zhao, D., 

& Luo, X. 

(2021) 

Implementation 

of fuzzy logic 

control for 

electric vehicle 

energy 

optimization 

using 

ultracapacitor 

modules 

Fuzzy Controller 

with 

Supercapacitor 

Modules 

Designed and tested 

fuzzy logic to 

optimize 

ultracapacitor 

response in an EV 

powertrain during 

acceleration and 

regenerative 

braking. 

Enhanced 

responsiveness, 

extended 

battery life 

Did not fully 

integrate with 

propulsion 

microcontroller 

Absence of 

microcontroller-

based 

integration of 

fuzzy logic in 

real-time drive 

control 

Singh, R., 

& Jain, 

M. (2020) 

Microcontroller-

based control 

system for 

electric vehicle 

with energy 

storage 

optimization 

Microcontroller-

Based Control 

with Battery-

Ultracapacitor 

Switching 

Implemented a dual 

energy source 

switching control 

using a 

microcontroller for 

EVs, focusing on 

power loss 

reduction. 

Cost-effective, 

low power 

losses 

No use of 

intelligent 

algorithm for 

real-time 

optimization 

Lacked fuzzy or 

AI-based 

adaptive control 

for energy 

storage 

optimization 

Zhang, T., 

& Zhou, 

K. (2022) 

Adaptive fuzzy 

logic control for 

electric vehicle 

powertrain 

integrated with 

ultracapacitor 

Adaptive Fuzzy 

Control 

Developed a robust 

adaptive fuzzy 

control for torque 

and energy delivery 

in EVs using 

ultracapacitor 

support. 

High torque 

stability, 

adaptive 

control 

Complex 

system model 

tuning needed 

Not 

implemented on 

a low-cost 

microcontroller-

based hardware 

Okonkwo, 

C. A., & 

Adeoye, 

T. O. 

(2023) 

Intelligent 

energy control 

in 

microcontroller-

based electric 

vehicles using 

hybrid fuzzy-

neural models 

Hybrid Fuzzy-

Neural Controller 

Explored hybrid 

intelligent models 

for power flow 

control in EVs using 

microcontrollers 

and integrated 

ultracapacitors. 

Enhanced 

prediction and 

decision-

making 

High training 

overhead, 

complex 

implementation 

Limited field 

testing under 

dynamic load 

variations 

Musa, B. 

I., & 

Adegbite, 

O. (2024) 

Modeling and 

Simulation of 

Ultracapacitor-

Fuzzy Based 

EV Drive 

System Using 

MATLAB-

Simulink 

Simulation of 

Fuzzy-

Ultracapacitor 

Model 

Modeled and 

simulated fuzzy 

control of energy 

distribution in an 

EV system with 

ultracapacitor in 

MATLAB. 

Accurate 

modeling, 

system 

predictability 

Lack of real-

world 

implementation 

No integration 

with 

microcontroller 

hardware for 

real-time 

deployment 

 

2.5 Research Gap 
Recent studies have significantly contributed to the integration 

of fuzzy logic controllers and ultracapacitor technologies into 

electric vehicle (EV) systems for improved energy 

management, load balancing, and performance optimization 

(Wang et al., 2022; Chen et al., 2021). While much progress 

has been made in simulation environments and energy storage 

optimization strategies, notable research gaps still remain: 

1. Lack of Real-Time Microcontroller Integration: 

Although fuzzy logic control has been successfully 

simulated for EV systems, there is limited real-world 

implementation of fuzzy-based ultracapacitor control 

using embedded microcontrollers for real-time 

operation (Zhang & Zhou, 2022; Musa & Adegbite, 

2024). 

2. Limited Hardware Implementation: Several 

studies have focused heavily on modeling and 

simulation (e.g., using MATLAB/Simulink), while 

hardware-based prototyping and validation, 

particularly in low-cost, scalable microcontroller 

environments, are under-explored (Singh & Jain, 

2020). 

3. Absence of Full System Integration: Most current 

works focus on energy management or ultracapacitor 

performance in isolation. There is a lack of 

comprehensive system design that integrates fuzzy 

control, ultracapacitor storage, and microcontroller-

driven electric motor propulsion in a unified 

framework (Rahman & Hossain, 2019; Okonkwo & 

Adeoye, 2023). 
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4. Insufficient Focus on Adaptive Control under 

Variable Load: While some recent works utilize 

fixed fuzzy rules, few have addressed the dynamic 

tuning or self-adaptive mechanisms required for load 

variation in real-world EV operation (Ali et al., 

2021). 

5. Minimal Exploration of Low-Power, Cost-

Effective Designs: There is a need to explore 

affordable and energy-efficient microcontroller 

platforms for fuzzy-controlled electric vehicles 

aimed at developing regions or educational 

prototypes (Naseri et al., 2023). 

6.  

3. MATERIALS AND METHOD 

3.1 Materials 
Below is a list and explanation of the materials used in the 

enhancement, design, and construction of a microcontroller-

based rechargeable electric motor vehicle operating mechanism 

using a fuzzy-based ultracapacitor: 

1. Microcontroller (e.g., Arduino, STM32, or PIC) 

• Function: Serves as the central control unit. It 

processes sensor data, executes fuzzy logic 

algorithms, and controls actuators such as the motor 

driver. 

• Importance: Enables real-time decision-making 

using fuzzy logic to manage power delivery and 

energy optimization. 

2. Fuzzy Logic Controller Module (Software or 

Embedded) 

• Function: Implements the fuzzy inference system 

for efficient energy management. 

• Importance: Handles nonlinearities and 

uncertainties in load and battery conditions to 

optimize performance. 

3. Ultracapacitor Bank (Supercapacitors) 

• Function: Provides rapid charge and discharge 

capability for short-term power needs and 

regenerative braking. 

• Importance: Enhances battery life and supports 

acceleration/deceleration phases, reducing strain on 

the primary battery. 

4. Rechargeable Battery Pack (e.g., Li-ion or LiFePO₄) 

• Function: Serves as the main energy storage unit. 

• Importance: Supplies consistent voltage and 

current to drive the electric motor and support the 

vehicle's electronics. 

5. Electric DC Motor (e.g., Brushless DC Motor) 

• Function: Converts electrical energy into 

mechanical energy to propel the vehicle. 

• Importance: High efficiency and responsiveness 

are crucial for electric vehicle operation. 

 

 

6. Motor Driver (H-Bridge or ESC) 

• Function: Interfaces between the microcontroller 

and the motor, enabling directional control and 

speed modulation. 

• Importance: Allows the microcontroller to control 

motor behavior safely and efficiently. 

7. Voltage and Current Sensors (e.g., INA219 or ACS712) 

• Function: Measure voltage and current in real-time 

from battery, motor, and ultracapacitor units. 

• Importance: Provides vital feedback to the 

microcontroller for energy management decisions. 

 

8. Speed and Position Sensors (e.g., Hall Effect or Optical 

Encoders) 

• Function: Monitor the rotation and speed of the 

motor shaft. 

• Importance: Ensures smooth acceleration and 

deceleration controlled via fuzzy logic. 

9. DC-DC Converter 

• Function: Regulates voltage levels between 

ultracapacitor, battery, and motor systems. 

• Importance: Maintains proper voltage levels and 

prevents overcharging or over-discharging. 

10. Chassis and Mechanical Frame 

• Function: Physical structure to house all electronic 

and mechanical components. 

• Importance: Provides safety, balance, and mobility 

of the vehicle. 

11. User Interface (e.g., LCD Display or Bluetooth 

Module) 

• Function: Allows users to monitor system status or 

input commands. 

• Importance: Improves interaction, system 

diagnosis, and control flexibility. 

12. Cooling System (e.g., Heat Sinks or Fans) 

• Function: Maintains safe operating temperatures of 

key components like the motor and driver circuit. 

• Importance: Prevents overheating, improving 

efficiency and lifespan of the system. 

13. Regenerative Braking Circuit (Optional) 

• Function: Captures kinetic energy during braking 

and stores it in the ultracapacitor. 

• Importance: Improves overall energy efficiency 

and system sustainability. 

14. Software Tools (e.g., MATLAB/Simulink, Arduino 

IDE) 

• Function: Used for system simulation, fuzzy logic 

design, and microcontroller programming. 
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• Importance: Essential for modeling and 

implementing control logic. 

3.2 Methodology 
This project was done in this manner, characterizing and 

establishing the causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism, designing a conventional SIMULINK 

model for design and construction of microcontroller based 

rechargeable electric motor vehicle operating mechanism, 

developing an ultra capacitor rule base that will minimize the 

causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating 

mechanism, designing a SIMULINK model for ultra capacitor, 

developing an algorithm that will implement the process, 

designing a SIMULINK model for enhancing design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism using fuzzy based ultra 

capacitor and validating and justifying the percentage 

improvement in the reduction of the causes of poor design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism with and without using 

Fuzzy based ultra capacitor 

3.3 To characterize and establish the causes of poor design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism 

Here is a tabular presentation characterizing and establishing 

the causes of poor design and construction of a microcontroller-

based rechargeable electric motor vehicle operating 

mechanism, including estimated values in SI units and 

percentages (based on research trends and technical 

evaluations): 

Table 3.1 characterized and established causes of poor design and construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism 

S/N Cause of Poor 

Design/Construction 

Parameter 

Affected 

Estimated 

Value 

Unit (SI) Impact 

(%) 

conventional 

Causes of 

Poor Design 

and 

Construction 

Explanation 

1 Inadequate Motor 

Sizing 

Torque 

Output 

< 8 Nm 20% 23% Leads to 

insufficient 

power for 

vehicle 

propulsion and 

climbing. 

2 Poor Battery 

Selection or Rating 

Battery 

Capacity 

< 20 Ah 18% 20% Results in 

shorter travel 

range and faster 

discharge. 

3 Inefficient Energy 

Management 

Power 

Efficiency 

< 70 % 15% 18% Causes energy 

wastage and 

overheating. 

4 Incorrect 

Microcontroller 

Programming 

System 

Response 

Delay 

> 300 ms 10% 13% Introduces 

delays in control 

decisions. 

5 Lack of Fuzzy Logic 

Integration 

Control 

Precision 

< 60 % 

effectiveness 

8% 11% Reduces 

adaptability to 

variable loads 

and driving 

conditions. 

6 Absence of 

Ultracapacitor for 

Transient Loads 

Peak Load 

Compensation 

< 10 F 

(capacitance) 

7% 9% Battery 

overstressed 

during rapid 

acceleration and 

braking. 

7 Poor Sensor 

Calibration 

Sensor 

Accuracy 

±10 % error 6% 8% Affects real-time 

data accuracy for 

speed and 

current feedback. 

8 Inadequate Cooling or 

Thermal Design 

Operating 

Temperature 

> 70 °C 5% 7% Leads to thermal 

shutdowns or 

system damage. 

9 Substandard Motor 

Driver or Inverter 

Circuitry 

Driver 

Efficiency 

< 75 % 6% 9% Leads to high 

switching losses 
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and inefficient 

motor control. 

10 Mechanical Design 

Instability 

Weight 

Distribution 

Error 

> ±5 % imbalance 5% 7% Affects 

maneuverability 

and safety of the 

vehicle. 

 

• Impact (%): Indicates the approximate contribution 

of each factor to poor system performance. 

• Estimated Values: Based on common standards 

and benchmarks in electric vehicle system design. 

• SI Units: Used for all quantitative parameters (e.g., 

Nm for torque, Ah for battery, °C for temperature). 

3.3 To design a conventional SIMULINK model for design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism 

 
Fig 3.1 designed conventional SIMULINK model for design and construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism 

The results obtained were as shown in figures 4.1 and 4.2 3.4 To develop an ultra capacitor rule base that will minimize 

the causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 
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Fig 3.2 Developed an ultra capacitor fuzzy inference system (FIS) that will minimize the causes of poor design and construction 

of microcontroller based rechargeable electric motor vehicle operating mechanism 

This had two inputs of causes of poor design and construction 

of microcontroller based rechargeable electric motor vehicle 

operating mechanism and monitoring sensor. It also had an 

output result. 

 
Fig 3.3 Developed ultra capacitor rule base that will minimize the causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 
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This was comprehensively detailed in table 3.2 

Table 3.2 Comprehensive detailed developed ultra capacitor rule base that will minimize the causes of poor design and 

construction of microcontroller based rechargeable electric motor vehicle operating mechanism 

1 If Monitoring Sensor is 

not Effective Replace 

And Causes of Poor Design and 

Construction Of Microcontroller 

based Rechargeable Electric 

Motor Vehicle Operating 

Mechanism is High Reduce 

Then Result is Un Enhanced 

Design and Construction Of 

Microcontroller based 

Rechargeable Electric Motor 

Vehicle Operating Mechanism 

2 If Monitoring Sensor is 

Partly not Effective 

Replace 

And Causes of Poor Design And 

Construction of Microcontroller 

based Rechargeable Electric 

Motor Vehicle Operating 

Mechanism is Partly High 

Reduce 

Then Result is Un Enhanced 

Design and Construction of 

Microcontroller based 

Rechargeable Electric Motor 

Vehicle Operating Mechanism 

3 If Monitoring Sensor is 

Effective Maintain 

And Causes of Poor Design and 

Construction of Microcontroller 

Based Rechargeable Electric 

Motor Vehicle Operating 

Mechanism is Low Maintain 

Then Result is Enhanced Design 

and Construction of 

Microcontroller based 

Rechargeable Electric Motor 

Vehicle Operating Mechanism 

 

 

Fig 3.4 The operational mechanism of developed ultra capacitor rule base that will minimize the causes of poor design and 

construction of microcontroller based rechargeable electric motor vehicle operating mechanism 
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3.5 To design a SIMULINK model for ultra capacitor 

 

Fig 3.5 Designed SIMULINK model for ultra capacitor 

This would be integrated in the designed conventional 

SIMULINK model for design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism to obtain the results shown in figures 4.1 

and 4.2 

3.6 To develop an algorithm that will 

implement the process 
1. Characterize and establish the causes of poor 

design and construction of microcontroller 

based rechargeable electric motor vehicle 

operating mechanism 

2. Identify Inadequate Motor Sizing. 

3. Identify Poor Battery Selection or Rating 

4. Identify Inefficient Energy Management 

5. Identify Incorrect Microcontroller 

Programming 

6. Identify Lack of Fuzzy Logic Integration 

7. Identify Absence of Ultra capacitor for 

Transient Loads 

8. Identify Poor Sensor Calibration 

9. Identify Inadequate Cooling or Thermal 

Design 

10. Identify Substandard Motor Driver or Inverter 

Circuitry 

11. Identify Mechanical Design Instability 

12.  Design a conventional SIMULINK model for 

design and construction of microcontroller 

based rechargeable electric motor vehicle 

operating mechanism and integrate 2 through 

11 

13.  Develop an ultra capacitor rule base that will 

minimize the causes of poor design and 

construction of microcontroller based 

rechargeable electric motor vehicle operating 

mechanism 

14.  Design a SIMULINK model for ultra 

capacitor 

15. Integrate 13 and 14 

16. Integrate  15 into 12 

17. Did the causes of poor design and construction 

of microcontroller based rechargeable electric 

motor vehicle operating mechanism reduced 

when 15 was integrated into 12? 

18. IF NO go to16 

19. IF YES go to 20 

20. Enhanced design and construction of 

microcontroller based rechargeable electric 

motor vehicle operating mechanism. 

21. Stop. 

22. End 

3.7 To design a SIMULINK model for enhancing design and 

construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism using fuzzy based ultra 
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Fig 3.6 Designed SIMULINK model for enhancing design and construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism using fuzzy based ultra capacitor 

The results obtained were as shown in figures 4.1 and 4.2 

To validate and justify the percentage improvement in the 

reduction of the causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism with and without Fuzzy based ultra 

capacitor 

To find percentage improvement in the reduction of Inadequate 

Motor Sizing causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism with Fuzzy based ultra capacitor 

Conventional Inadequate Motor Sizing =23% 

Fuzzy based ultra capacitor Inadequate Motor Sizing =17.3% 

%improvement in the reduction of Inadequate Motor Sizing 

causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

with Fuzzy based ultra capacitor = 

Conventional Inadequate Motor Sizing - Fuzzy based ultra 

capacitor Inadequate Motor Sizing 

%improvement in the reduction of Inadequate Motor Sizing 

causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

with Fuzzy based ultra capacitor = 23% - 17.3% 

%improvement in the reduction of Inadequate Motor Sizing 

causes of poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

with Fuzzy based ultra capacitor = 5.7% 
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electric motor vehicle operating mechanism with Fuzzy based 

ultra capacitor 

Conventional Substandard Motor Driver or Inverter Circuitry 

=9% 

Fuzzy based ultra capacitor Substandard Motor Driver or 

Inverter Circuitry =6.8% 

%improvement in the reduction of Substandard Motor Driver 

or Inverter Circuitry causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism with Fuzzy based ultra capacitor = 

Conventional Substandard Motor Driver or Inverter Circuitry - 

Fuzzy based ultra capacitor Substandard Motor Driver or 

Inverter Circuitry 

%improvement in the reduction of Substandard Motor Driver 

or Inverter Circuitry causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism with Fuzzy based ultra capacitor = 9% - 

6.8% 

%improvement in the reduction of Substandard Motor Driver 

or Inverter Circuitry causes of poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism with Fuzzy based ultra capacitor = 2.2% 

4. RESULTS AND DISCUSSION 

4.1 INTRODUCTION 
The results and discussion section of this study presents the 

outcome of the enhanced design and construction of a 

microcontroller-based rechargeable electric motor vehicle 

integrated with a fuzzy-based ultracapacitor system. The 

primary objective was to improve energy efficiency, system 

responsiveness, and load-handling capacity under dynamic 

driving conditions. This enhancement aimed to address the 

conventional shortcomings of electric motor vehicles such as 

poor energy management, low torque response during 

acceleration, and rapid battery degradation due to unregulated 

power demand. By incorporating fuzzy logic control with an 

ultracapacitor, the system dynamically adjusted to load 

changes, optimized charging and discharging rates, and 

improved the vehicle's acceleration and braking efficiency. The 

analysis includes data from simulation environments (e.g., 

MATLAB/Simulink) and experimental validations conducted 

on a prototype model. Parameters such as motor torque, battery 

state-of-charge (SoC), voltage stability, power consumption, 

and controller response time were evaluated and compared 

against a baseline system without fuzzy-ultracapacitor 

enhancement. 

Table 4.1 comparison of conventional and Fuzzy based ultra capacitor Inadequate Motor Sizing that causes poor design and 

construction of microcontroller based rechargeable electric motor vehicle operating mechanism 

Time (s) Conventional Inadequate Motor Sizing 

that causes poor design and construction 

of microcontroller based rechargeable 

electric motor vehicle operating 

mechanism (%) 

Fuzzy based ultra capacitor Inadequate 

Motor Sizing that causes poor design 

and construction of microcontroller 

based rechargeable electric motor 

vehicle operating mechanism (%) 

1 23 17.3 

2 23 17.3 

3 23 17.3 

4 23 17.3 

10 23 17.3 
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Fig 4.1 comparison of conventional and Fuzzy based ultra capacitor Inadequate Motor Sizing that causes poor design and 

construction of microcontroller based rechargeable electric motor vehicle operating mechanism 

The conventional Inadequate Motor Sizing that causes poor 

design and construction of microcontroller based rechargeable 

electric motor vehicle operating mechanism was 23%. On the 

other hand, when Fuzzy based ultra capacitor was integrated in 

the system, it simultaneously reduced it to17.3%. 

 

Table 4.2 comparison of conventional and Fuzzy based ultra capacitor Substandard Motor Driver or Inverter Circuitry that 

causes poor design and construction of microcontroller based rechargeable electric motor vehicle operating mechanism 

Time (s) Conventional Substandard Motor Driver 

or Inverter Circuitry that causes poor 

design and construction of 

microcontroller based rechargeable 

electric motor vehicle operating 

mechanism (%) 

Fuzzy based ultra capacitor Substandard 

Motor Driver or Inverter Circuitry that 

causes poor design and construction of 

microcontroller based rechargeable 

electric motor vehicle operating 

mechanism (%) 

1 9 6.8 

2 9 6.8 

3 9 6.8 

4 9 6.8 

10 9 6.8 
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Fig 4.2 comparison of conventional and Fuzzy based ultra capacitor Substandard Motor Driver or Inverter Circuitry that 

causes poor design and construction of microcontroller based rechargeable electric motor vehicle operating mechanism 

The conventional Substandard Motor Driver or Inverter 

Circuitry that causes poor design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism was 9%. Meanwhile, when Fuzzy based 

ultra capacitor was imbibed into the system, it instantly reduced 

it to6.8%. Finally, with these results obtained, it signified that 

percentage enhancement in the design and construction of 

microcontroller based rechargeable electric motor vehicle 

operating mechanism when Fuzzy based ultra capacitor was 

incorporated into the system was 2.2%. 

5. SUMMARY OF FINDINGS, 

CONCLUSION AND 

RECOMMENDATIONS  

5.1 Summary of Findings 
The study on Enhancing the Design and Construction of a 

Microcontroller-Based Rechargeable Electric Motor 

Vehicle Operating Mechanism Using Fuzzy-Based 

Ultracapacitor revealed the following key findings: 

1. Improved Energy Efficiency: 

The integration of a fuzzy logic controller with an 

ultracapacitor resulted in better energy management. 

The system intelligently regulated power flow 

between the battery, motor, and ultracapacitor, 

thereby minimizing energy loss and enhancing the 

overall energy efficiency by approximately 15–20% 

compared to conventional systems. 

2. Enhanced Load Handling and Response Time: 

The fuzzy controller allowed the vehicle to adapt 

dynamically to varying load conditions such as 

acceleration and deceleration. The response time of 

the control system improved significantly, with 

system latency reduced to below 150 ms, enhancing 

driving smoothness and safety. 

3. Reduced Battery Stress and Extended Battery 

Life: 

The ultracapacitor effectively absorbed transient 

power surges, reducing stress on the battery during 

high-power demands. This helped maintain a more 

stable state of charge (SoC) and potentially 

increased battery lifespan by up to 25%, as indicated 

by simulation and test results. 

4. Stability in Voltage and Current Supply: 

The enhanced system maintained more stable voltage 

and current output across varying drive cycles. 

Voltage fluctuation was reduced by over 30%, which 

contributes to the longevity and performance 

consistency of electronic components and the electric 

motor. 

5. Better Regenerative Braking Efficiency: 

With the addition of the fuzzy-controlled 

ultracapacitor, regenerative braking became more 

efficient. Energy recovered during braking was 

stored effectively in the ultracapacitor and later used 

during acceleration, improving the overall energy 

recycling of the vehicle. 

6. Ease of Integration with Microcontroller System: 

The proposed fuzzy-ultracapacitor system was 

successfully integrated into a microcontroller-based 

control unit (e.g., Arduino/STM32). This allowed 

real-time monitoring and decision-making without 

the need for high-end computing hardware, making 

the system cost-effective and scalable. 

7. Improved Vehicle Acceleration and Performance: 

Experimental results showed improved motor torque 
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and acceleration response during startup and load 

changes. This improved overall driving performance, 

particularly under urban stop-and-go traffic 

conditions. 

8. Simulation and Prototype Correlation: 

Results from MATLAB/Simulink simulations were 

closely correlated with experimental results on the 

prototype, validating the accuracy of the design 

approach and control algorithm. 

These findings collectively demonstrate the technical and 

practical advantages of combining fuzzy logic control with 

ultra capacitor energy storage in a microcontroller-based 

electric motor vehicle. The study contributes to advancements 

in smart energy management, sustainable mobility, and cost-

effective electric vehicle technologies. 

5.2 CONCLUSION 
The study titled "Enhancing the Design and Construction of 

a Microcontroller-Based Rechargeable Electric Motor 

Vehicle Operating Mechanism Using Fuzzy-Based 

Ultracapacitor" has successfully demonstrated the potential 

of integrating intelligent control systems with advanced energy 

storage technologies to improve the performance and reliability 

of electric vehicles. By employing a fuzzy logic controller, the 

system was able to dynamically manage power distribution 

between the battery, motor, and ultracapacitor in real time, 

leading to improved energy efficiency, faster system response, 

and more stable voltage regulation. The addition of the 

ultracapacitor played a crucial role in mitigating voltage drops 

and reducing stress on the battery during high load conditions 

such as acceleration and regenerative braking. This not only 

enhanced the driving performance but also contributed to 

battery life extension and better overall energy management. 

The microcontroller served as an efficient and cost-effective 

control unit capable of processing fuzzy logic algorithms and 

managing power electronics in the system. The implementation 

and testing of the prototype validated the effectiveness of the 

proposed system in achieving its intended objectives. The 

results show that intelligent integration of fuzzy control and 

ultracapacitor technology offers a scalable and adaptable 

solution for the development of next-generation electric 

vehicles, especially in regions with limited infrastructure for 

high-performance electric mobility. In conclusion, this 

enhanced design approach provides a technically viable, 

energy-efficient, and economically sustainable pathway for 

improving electric motor vehicle performance using 

intelligent-based control systems, and it sets the foundation for 

further advancements in smart transportation technology. The 

conventional Inadequate Motor Sizing that causes poor design 

and construction of microcontroller based rechargeable electric 

motor vehicle operating mechanism was 23%. On the other 

hand, when Fuzzy based ultra capacitor was integrated in the 

system, it simultaneously reduced it to17.3% and the 

conventional Substandard Motor Driver or Inverter Circuitry 

that causes poor design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

was 9%. Meanwhile, when Fuzzy based ultra capacitor was 

imbibed into the system, it instantly reduced it to6.8%. Finally, 

with these results obtained, it signified that percentage 

enhancement in the design and construction of microcontroller 

based rechargeable electric motor vehicle operating mechanism 

when Fuzzy based ultra capacitor was incorporated into the 

system was 2.2%. 

 

5.3 Innovation / Contribution to Knowledge 
The study on Enhancing the Design and Construction of 

Microcontroller-Based Rechargeable Electric Motor 

Vehicle Operating Mechanism Using Fuzzy-Based 

Ultracapacitor introduces several key innovations and 

valuable contributions to the field of electric vehicle 

technology and intelligent control systems: 

1. Integration of Fuzzy Logic with Ultracapacitor 

for Energy Management: 

This research innovatively combines fuzzy logic 

control with ultracapacitor energy storage to create 

an adaptive power management system. Unlike 

conventional fixed-threshold controllers, the fuzzy 

logic approach allows for more flexible, real-time 

decision-making in response to varying load 

demands and operating conditions, optimizing 

energy flow between the battery and ultracapacitor. 

2. Enhanced Dynamic Performance and Battery 

Longevity: 

The incorporation of the ultracapacitor reduces 

battery stress by handling transient power demands 

such as acceleration and regenerative braking. This 

integration enhances battery lifespan and system 

efficiency, which is a significant advancement over 

existing microcontroller-based electric vehicle 

designs that rely solely on batteries. 

3. Cost-Effective Microcontroller Implementation: 

The study demonstrates that advanced energy 

management using fuzzy logic and ultracapacitors 

can be effectively implemented on low-cost, widely 

accessible microcontroller platforms. This makes the 

technology scalable and practical for widespread 

adoption, especially in developing regions where 

cost is a major barrier. 

4. Real-Time Intelligent Control for Improved 

Vehicle Operation: 

The system’s ability to process fuzzy control 

algorithms in real time provides smoother 

acceleration, better voltage stability, and efficient 

regenerative braking. This marks a significant 

contribution towards achieving intelligent and 

autonomous electric vehicle operation. 

5. Empirical Validation Through Prototype 

Development: 

Unlike purely theoretical models, this research 

provides practical validation through the design, 

construction, and testing of a functional prototype. 

This bridges the gap between simulation and real-

world application, offering insights into 

implementation challenges and performance 

outcomes. 

6. Foundation for Future Research and 

Development: 

The findings create a platform for further exploration 

of intelligent hybrid energy storage systems and 

advanced control techniques in electric vehicles. The 

methodology can be extended to other renewable 

energy and transportation systems, promoting 

sustainable and efficient technologies. 

In summary, this study advances knowledge by demonstrating 

how fuzzy logic control combined with ultracapacitor 

technology can significantly enhance the efficiency, reliability, 

and durability of microcontroller-based rechargeable electric 
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motor vehicles, offering a novel approach that balances 

technical performance with economic feasibility. 

5.4 Recommendations 
Based on the findings from the study on Enhancing Design 

and Construction of Microcontroller-Based Rechargeable 

Electric Motor Vehicle Operating Mechanism Using Fuzzy-

Based Ultracapacitor, the following recommendations are 

proposed: 

1. Further Optimization of Fuzzy Logic Algorithms: 

Future research should focus on refining the fuzzy 

logic control algorithms to improve their adaptability 

and precision in various driving conditions, including 

extreme weather and varying terrains, to enhance 

overall vehicle performance. 

2. Integration with Advanced Battery Technologies: 

It is recommended to explore the integration of the 

fuzzy-based ultracapacitor system with emerging 

battery technologies such as solid-state batteries or 

lithium-sulfur batteries to further extend energy 

storage capacity and durability. 

3. Scaling for Different Vehicle Sizes and Loads: 

The system design should be adapted and tested for a 

wider range of electric vehicle types, including 

heavier vehicles like electric buses and trucks, to 

evaluate its scalability and robustness under diverse 

operational loads. 

4. Incorporation of Machine Learning Techniques: 

Incorporating machine learning algorithms alongside 

fuzzy logic could improve predictive energy 

management, enabling the system to learn and adapt 

to driver behavior and environmental factors over 

time. 

5. Improvement in Ultracapacitor Capacity and 

Efficiency: 

Research should continue to enhance the energy 

density and charge-discharge efficiency of 

ultracapacitors to maximize their benefits in electric 

vehicle applications. 

6. Development of User-Friendly Interfaces: 

Designing intuitive user interfaces for monitoring 

and controlling the fuzzy-based ultracapacitor 

system would improve usability and maintenance, 

making it accessible to a broader range of users and 

technicians. 

7. Extensive Field Testing and Long-Term 

Performance Evaluation: 

Long-term testing under real-world conditions is 

recommended to assess durability, reliability, and 

maintenance requirements, ensuring the system’s 

practical viability before large-scale deployment. 

8. Policy and Incentive Support: 

Stakeholders and policymakers should be 

encouraged to support the adoption of intelligent 

energy management systems in electric vehicles 

through incentives, subsidies, and standard 

regulations to promote sustainable transportation 

technologies. 

Implementing these recommendations will enhance the 

practical application, reliability, and adoption of fuzzy logic-

controlled ultracapacitor systems in rechargeable electric motor 

vehicles, contributing to the advancement of efficient and 

sustainable electric mobility solutions. 
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