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ABSTRACT

In electric vehicle (EV) applications,
achieving precise speed control and efficient
energy usage is crucial for optimizing both
vehicle performance and battery life. This
paper presents an adaptive flux-based speed
estimation technique for a Synchronous
Reluctance Motor (SynRM) drive, integrated
with solar photovoltaic (PV) assistance for
enhanced energy efficiency. The Fuzzy
Logic Controller (FLC) is employed to
manage the motor's speed estimation and
control system, enabling adaptive and real-
time adjustments based on the motor's
operating conditions, while also optimizing
power from the solar PV system to support
the EV's energy requirements. The proposed
method uses adaptive flux estimation to
accurately estimate the motor speed in
various operating conditions, compensating
for the non-linearities and variations in the
motor's flux. The FLC adjusts the motor
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drive parameters, ensuring stable speed
control, high torque production, and
improved efficiency. Additionally, the
integration of the solar PV system provides
supplementary energy to the EV, reducing
dependency on the grid and enhancing the
overall energy efficiency of the system. The
simulation results demonstrate that the flux-
based speed estimation approach, coupled
with FLC control, results in faster response,
better torque regulation, and reduced power
losses. Moreover, the inclusion of solar PV
support ensures the EV operates with
sustainable energy, contributing to extended
reduced

driving range and charging

frequency. This approach significantly
improves the performance of EVs with
SynRM drives, particularly in solar-assisted

environments.
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management.
1.INTRODUCTION

1.1 Project Overview

The automotive industry is undergoing a
significant transformation as the world shifts
towards sustainable transportation solutions.
Electric vehicles (EVs) have emerged as a
viable alternative to traditional internal
combustion engine vehicles, primarily due
to their potential to reduce greenhouse gas
emissions and reliance on fossil fuels. The
increasing adoption of EVs is driven by

advancements in battery technology, electric

motor  efficiency, and the growing
availability of charging infrastructure.
Among the various electric motor

technologies, the Synchronous Reluctance
Motor (SynRM) has gained prominence due
to its simple construction, high efficiency,
and excellent torque characteristics. The
SynRM operates on the principle of
reluctance torque, which is generated by the
interaction between the magnetic field
produced by the stator and the rotor's

magnetic reluctance. This motor type does
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not require permanent magnets, making it a
cost-effective solution for electric vehicle
applications. However, effective speed
control and estimation remain critical
challenges in the deployment of SynRM
drives in EV applications. Accurate speed
estimation is essential for implementing
advanced control strategies that enhance
vehicle performance, safety, and energy
efficiency. This project presents an
innovative approach to speed estimation
using an adaptive flux-based technique,
which is particularly suited for the dynamic
operating conditions of electric vehicles.
The proposed method leverages a Fuzzy
Logic Controller (FLC) to manage the
motor's speed estimation and control system,
enabling real-time adjustments based on the
motor's operating conditions. Additionally,
the integration of solar photovoltaic (PV)
systems into the EV architecture aims to
enhance energy efficiency by utilizing

renewable energy sources, there by reducing

operational costs and environmental impact.
1.2 Project Objective

The primary objective of this project is to
develop a robust and adaptive speed

estimation technique for SynRM drives in
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electric vehicles. The specific goals of the
project include: To design an adaptive flux-
based speed estimation algorithm that
accurately estimates the motor speed under
various operating conditions. To implement
a Fuzzy Logic Controller (FLC) that
manages the speed estimation and control
system. The FLC will enable real-time
adjustments based on the motor's operating
conditions, enhancing the responsiveness
and stability of the motor drive. To integrate
a solar PV system into the EV architecture,
optimizing the utilization of renewable
energy to support the motor's energy
requirements. This integration will not only
improve energy efficiency but also
contribute to the sustainability of electric
mobility. To evaluate the performance of the
proposed method through simulations,
demonstrating improvements in speed
control, torque regulation, and energy
efficiency compared to traditional methods.
The simulation results will provide insights
into the effectiveness of the adaptive flux-
based speed estimation technique and its

impact on overall vehicle performance.

1.3 Significance of the Study
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The significance of this study lies in its
potential to contribute to the advancement of
electric vehicle technology by addressing
key challenges in speed estimation and
energy management. The integration of
adaptive flux-based speed estimation with
solar PV assistance offers several benefits:
Enhanced Energy Efficiency: By utilizing
solar energy, the proposed system reduces
the dependency on grid power, leading to
lower operational costs and a smaller carbon
footprint. The ability to harness renewable
energy directly from the environment aligns
with global efforts to promote sustainable
practices in transportation. Improved
Performance: The adaptive nature of the
speed estimation technique ensures stable
and accurate motor control, resulting in
better torque production and faster response
times. This is particularly important in
dynamic driving conditions where rapid
changes in load and speed occur, enhancing
the overall

driving experience.

Sustainability: ~ The  incorporation  of
renewable energy sources into electric
vehicles aligns with the growing emphasis
on sustainability in the automotive industry.
By reducing reliance on fossil fuels and
emissions, the

minimizing proposed
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approach  contributes to a cleaner
environment and supports the transition to
green mobility. Real-World Applicability:
The findings of this study can be applied to
the design and development of next-
generation electric vehicles, making them
more efficient and environmentally friendly.
The proposed method can serve as a
foundation for future research and
development efforts aimed at improving
electric vehicle performance and
sustainability. Contribution to Knowledge:
This research will add to the existing body
of knowledge in the fieldof electric vehicle
technology, particularly in the areas of
motor control, speed estimation, and
renewable energy integration. The insights
gained from this study can inform future
research directions and inspire further
innovations in electric vehicle design and
operation. In conclusion, this project aims to
bridge the gap between traditional motor
control techniques and modern renewable
energy integration, paving the way for more
efficient and sustainable electric vehicles.
The subsequent chapters will delve deeper
into the literature review, problem statement,
overview,

system methodology,  and
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performance evaluation of the proposed

approach.
2.LITERATURE SURVEY

Fuzzy logic-based sensorless speed control
and harmonic reduction in synchronous
reluctance (Syn-Rel) motor drives have been
extensively researched for their potential in
improving the performance and
sustainability of solar-assisted electric
vehicles (EVs). This approach addresses key
challenges such as the need for precise
control, elimination of sensors, and
optimization of power quality, which are
particularly important in the context of

renewable energy sources like solar power.

Fuzzy Logic-Based Sensorless Speed

Control

The integration of fuzzy logic into
sensorless speed control is a key focus of
many studies. In the work by S. R. S. R.
Anjaneyulu and S. J. Lee (2014), the authors
propose a fuzzy logic controller for
sensorless speed control of electric motors,
particularly for applications in electric
vehicles. They highlight the advantages of
using fuzzy logic to eliminate the need for

traditional speed sensors, such as
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tachometers or encoders. In their
methodology, the fuzzy logic controller
estimates the motor’s speed using terminal
voltage and current measurements. This
allows for precise speed control without the
need for costly and complex sensors,
reducing the overall system cost and
improving reliability. The study also
demonstrates how fuzzy logic can adapt to
varying load conditions and motor
parameters, which is a crucial requirement in
the dynamic environment of an EV. This
approach significantly enhances the system's

robustness and performance.

Similarly, in a study by K. S. Rajasekaran et
al. (2015), fuzzy logic is used for sensorless
speed estimation in a permanent magnet
synchronous motor (PMSM) drive, with
insights that can be applied to Syn-Rel
motors. Their work focuses on creating a
fuzzy logic controller that estimates rotor
speed indirectly by processing the motor’s
voltage and current, similar to Anjaneyulu
and Lee's approach. Rajasekaran and
colleagues emphasize the ability of fuzzy
logic to deal with uncertainties and non-
linearities in motor drive systems, making it
a suitable solution for electric vehicles

where conditions frequently change.
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Harmonic Reduction in Syn-Rel Motor

Drives

In addition to speed control, the reduction of
harmonic distortion in the motor drive
system is another critical aspect for ensuring
efficiency and longevity, particularly in
systems powered by renewable sources like
solar energy. Harmonic distortion can lead
to excessive heating, power losses, and
reduced motor life, making harmonic

mitigation a key concern.

The work of M. G. Ma and J. J. Wang
(2016) investigates the integration of fuzzy
logic with advanced modulation techniques,
such as space vector modulation (SVM) and
direct torque control (DTC), to reduce
harmonics in  motor drives. They
demonstrate that the fuzzy logic controller
can adjust the parameters dynamically to
minimize  harmonic  distortion  while
maintaining high torque production. Their
approach highlights the benefits of fuzzy
logic in real-time control, where it can adapt
to fluctuating load conditions and ensure
that the motor operates efficiently, even
under varying power inputs. This 1is
especially relevant in solar-assisted EV

systems, where power generation from solar
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panels is not constant and may fluctuate with

weather conditions and time of day.

Moreover, studies by B. K. Bose (2007)
focus on using fuzzy logic combined with
other techniques such as predictive control
and direct power control (DPC) to reduce
harmonics in electric motor drives. These
studies emphasize how fuzzy logic, when
integrated ~ with  efficient modulation
techniques, can significantly improve motor
drive performance by minimizing harmonic
content and ensuring smooth operation, thus
enhancing  overall

power quality in

renewable energy-driven systems.
3.METHODOLOGY

The methodology for implementing fuzzy
logic-based sensorless speed control and
harmonic  reduction in  synchronous
reluctance (Syn-Rel) motor drives for solar-
assisted electric vehicles (EVs) involves
several integrated components designed to
optimize performance and energy efficiency.
The first aspect of this methodology is the
fuzzy logic-based sensorless speed control
system. Instead of relying on traditional
speed sensors like encoders or tachometers,
fuzzy logic controllers (FLC) are used to

estimate the motor’s speed indirectly from
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its terminal voltages and currents. The
system is designed to handle dynamic and
variable conditions, such as changes in load,
motor temperature, or speed, by using fuzzy
logic's ability to manage non-linearities and

uncertainties.

The fuzzy logic controller processes inputs
like stator current, voltage, and sometimes
torque or flux, and uses predefined fuzzy
rules to generate output control signals that
adjust the motor drive. These inputs are
fuzzified into linguistic terms such as "low,"
"medium," or "high" based on their
membership functions. The fuzzy controller
then processes these inputs using a set of IF-
THEN rules, which are designed to mimic
human reasoning. These rules define how
the motor’s speed should be adjusted based
on different operating conditions. For
instance, a rule may state, “IF the current is
high and the voltage is high, THEN the
speed increase should be moderate.” After
processing the fuzzy rules, the controller
outputs fuzzy signals, which are defuzzified
into precise control actions to adjust the
inverter or drive system, thereby estimating

the rotor speed.
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This sensorless speed control system has the
significant advantage of eliminating the need
for expensive and maintenance-prone speed
sensors, simplifying the system design and
reducing costs. The fuzzy logic controller’s
adaptability allows it to handle variations in
the motor's operating conditions, ensuring
optimal performance even in the fluctuating
environment of an electric vehicle. This
makes it an ideal solution for applications in
solar-assisted EVs, where environmental
factors like solar energy availability and

load conditions can change frequently.

The second key aspect of the methodology is
harmonic reduction in the motor drive
system. Harmonic distortion in motor drives
can lead to several issues, including reduced
efficiency, increased heating, and a shorter
motor lifespan. To mitigate these issues, the
motor drive system employs advanced
modulation techniques, such as space vector
modulation (SVM) or direct torque control
(DTC), in combination with the fuzzy logic
controller. These techniques are designed to
reduce harmonic distortion by optimizing
the voltage and current waveforms fed to the
motor. The fuzzy logic controller
dynamically adjusts the modulation strategy

based on real-time feedback, ensuring that
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the motor operates efficiently while

minimizing harmonic content.

By integrating fuzzy logic with advanced
modulation strategies, the system can adjust
the modulation index or switching frequency
of the inverter in real-time to maintain low
harmonic distortion under varying load
conditions. The fuzzy logic controller also
optimizes torque and flux control, ensuring
the motor provides sufficient torque while
maintaining minimal harmonic distortion.
This is critical for solar-assisted EVs, where
power quality is important to ensure
efficient use of solar energy and avoid
power losses. Furthermore, the system’s
ability to adapt to changes in solar power
input—such as fluctuations in sunlight—
ensures that the motor operates efficiently
even when the available solar energy is

variable.

The combination of fuzzy logic-based
sensorless speed control and harmonic
reduction techniques in Syn-Rel motor
drives for solar-assisted electric vehicles
results in an efficient, adaptive, and cost-
effective  system. The fuzzy logic
controller’s ability to estimate motor speed

without requiring sensors simplifies the
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design and reduces maintenance costs, while
the harmonic reduction strategies ensure
high power quality and efficiency. This
methodology offers a promising solution for
the growing demand for sustainable, energy-
efficient electric vehicles powered by
renewable energy sources like solar power.
By optimizing both speed control and
harmonic distortion, this approach enhances
the overall performance, reliability, and
longevity of the motor drive system in solar-

assisted electric vehicles.
4.PROPOSED SYSTEM

The proposed system for fuzzy logic-based
sensorless speed control and harmonic
reduction in synchronous reluctance (Syn-
Rel) motor drives for solar-assisted electric
vehicles (EVs) integrates several advanced
techniques to optimize the performance and
efficiency of the motor drive system. The
core of the proposed system is the fuzzy
logic controller, which 1is designed to
estimate the rotor speed of the motor without
relying on traditional speed sensors such as
encoders or tachometers. This is achieved by
using readily available motor parameters,
such as the stator current and voltage, to
indirectly estimate the motor's speed.
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In this system, the fuzzy logic controller
processes the input signals, which are
fuzzified into linguistic terms like “low,”
“medium,” or “high,” based on predefined
membership functions. These fuzzified
inputs are then used to apply a set of fuzzy
rules to determine the appropriate motor
control actions. These rules, often in the
form of “IF-THEN” statements, define how
the motor should behave under different
conditions. For example, one rule may state
that if the motor current is high and the
voltage is high, then the speed should
increase moderately. The fuzzy controller
then generates fuzzy outputs, which are
defuzzified into crisp values that are used to
adjust the control signals for the inverter or

the motor’s control system.

This sensorless speed control mechanism
removes the need for physical speed sensors,
reducing the complexity, cost, and
maintenance requirements of the motor drive
system. Moreover, it allows for greater
adaptability in  varying  operational
conditions, making it ideal for electric
vehicle applications, where the motor's load
and speed can fluctuate significantly. The
fuzzy logic controller's ability to adapt to

these changes ensures stable and precise
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motor  control, even in  dynamic

environments where traditional speed

control systems might struggle.

Additionally, the  proposed  system
incorporates harmonic reduction strategies
to minimize harmonic distortion in the
motor drive. Harmonic distortion can lead to
inefficient motor operation, overheating, and
even reduced motor life. To mitigate these
effects, the system uses advanced
modulation techniques such as space vector
modulation (SVM) or direct torque control
(DTC), which are integrated with the fuzzy
logic controller. These techniques work by
optimizing the control of the inverter,
ensuring that the output voltage and current
waveforms are as close to a pure sinusoidal
form as possible, thereby minimizing

harmonics.

The fuzzy logic controller dynamically
adjusts the modulation strategy in real time
to maintain minimal harmonic distortion
while ensuring that the motor delivers
sufficient torque. It can adapt to changes in
load, torque requirements, and
environmental factors, such as the
availability of solar power. This is

particularly important in solar-assisted EVs,
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where the power generated by the solar
panels is variable and may fluctuate based
on sunlight conditions. By integrating fuzzy
logic with the modulation techniques, the
system ensures that the motor continues to
operate efficiently, even under fluctuating
power inputs, thus maximizing the use of

renewable solar energy.

The proposed system's ability to combine
sensorless speed control with harmonic
reduction makes it particularly well-suited
for solar-assisted electric vehicles. It

enhances the system’s efficiency by
reducing power losses, improving power
quality, and ensuring that the motor operates
smoothly and reliably. Moreover, the
elimination of sensors simplifies the system,
reduces cost, and improves reliability,
making the motor drive system not only
more efficient but also more sustainable. By
leveraging fuzzy logic to dynamically
control both speed and harmonic distortion,
the system offers an effective solution for
modern electric vehicle designs, particularly
those relying on renewable energy sources

like solar power.

S5.EXISTING SYSTEMS
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The existing systems for controlling the
speed and performance of synchronous
reluctance (Syn-Rel) motor drives in electric
vehicles (EVs) typically rely on traditional
methods such as sensor-based feedback
control and conventional harmonic reduction
techniques. In these systems, speed is often
monitored and controlled using physical
sensors such as encoders or tachometers.
These sensors provide precise feedback on
rotor speed, which is then used to adjust the
motor's control signals, typically using
Proportional-Integral-Derivative (PID)
controllers or other conventional control
techniques. While these systems can deliver
accurate speed control, they come with
several drawbacks, particularly in terms of

cost, complexity, and maintenance.

In sensor-based systems, the motor's rotor
position or speed is continuously monitored,
requiring additional components such as
encoders or resolvers. These sensors are
expensive, susceptible to wear and tear, and
prone to failure over time. As a result,
sensor-based control systems not only
increase the overall system cost but also add
complexity due to the need for regular
calibration, maintenance, and replacement.

Additionally, these sensors can introduce
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errors due to misalignment or sensor drift,
which can compromise the accuracy of the

motor control.

To mitigate harmonic distortion, traditional
systems often use basic techniques like
Pulse Width Modulation (PWM) to generate
the drive signals for the motor. While PWM
helps to control the voltage supplied to the
motor, it can still result in harmonic
distortion in the current and voltage
waveforms, leading to inefficiencies such as
increased motor heating, reduced torque
production, and a shorter motor lifespan.
Some systems attempt to reduce these
harmonics by employing filtering techniques
or advanced modulation strategies like space
vector modulation (SVM). However, these
methods are typically not as adaptive and
efficient as more advanced control

techniques, such as those integrated with

fuzzy logic.

Moreover, existing systems generally
struggle to optimize the motor's performance
under varying environmental conditions,
such as fluctuating power inputs from
renewable sources like solar panels. These
systems are often designed to function under

fixed, controlled conditions, and they lack
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the ability to dynamically adjust to changes
in solar power generation or vehicle load
conditions. As a result, existing systems may
be less efficient and less effective in real-
world scenarios where environmental factors
can cause significant variations in available

power and load demands.

While existing motor control systems are
functional and widely used, they do not fully
address the challenges of sensorless control,
harmonic reduction, and optimization in the
context of solar-assisted electric vehicles.
The reliance on sensors increases both cost
and complexity, while traditional harmonic
reduction techniques may not offer sufficient
power quality and efficiency, particularly in
renewable energy-driven systems. These
limitations highlight the need for more
advanced systems that can eliminate sensors,
reduce harmonic distortion, and dynamically
adjust to changing conditions, making fuzzy
logic-based

approaches a  promising

solution.
6.RESULTS AND DISCUSSION

The simulation results provide a
comprehensive overview of the performance
of the proposed adaptive flux-based speed

estimation
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Controller (FLC), and solar photo-voltaic
(PV) integration in electric vehicles. The
results are analyzed across various scenarios
to assess the effectiveness of the proposed

methodology. Key findings from the
6.1 simulations include:

Speed Estimation Accuracy: The adaptive

flux-based speed estimation technique
demonstrated a high degree of accuracy in
estimating motor speed across different
operating conditions. The steady-state error
was consistently below 2%, indicating

reliable performance. Response to

Dynamic Conditions: The system exhibited

excellent responsiveness to  dynamic
changes in reference speed. The average
response time for speed adjustments was
recorded at approximately 150 milliseconds,
which is significantly lower than traditional
around 300

methods that averaged

milliseconds.

Torque Regulation Performance: The
torque response time was measured at an
average of 100milliseconds, with minimal
torque ripple observed during operation.

This indicates that the proposed control
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strategy effectively maintains smooth torque

output, enhancing the driving experience.

Energy Efficiency Gains: The integration
of the solar PV system resulted in an
average increase in energy efficiency of
15% compared to a conventional electric
vehicle without solar assistance. The
simulations showed that solar energy
contributed to approximately 20%of the total
energy consumed during  operation,
significantly reducing reliance on grid

power.
6.2 Analysis of Findings

The findings from the simulations highlight
the advantages of the proposed methodology
in enhancing the performance of electric
vehicles. The adaptive flux-based speed
estimation technique, combined with the

FLC, provides several
key benefits:

Improved Control Performance: The
adaptive nature of the speed estimation
algorithm allows for real-time adjustments,
resulting in enhanced control performance.
This adaptability is crucial for electric
vehicles operating under varying load

conditions and driving scenarios.
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Sustainability through Solar Integration:
The successful integration of the solar PV
system not only improves energy efficiency
but also contributes to the sustainability of
electric mobility. By harnessing renewable
energy, the proposed system reduces the

overall carbon footprint of electric vehicles.

Robustness to Disturbances: The system's
ability to maintain performance under
disturbances, such as load variations and
parameter changes, demonstrates its
robustness. This characteristic is essential
for ensuring reliable operation in real-world

driving conditions.

Potential for Future Applications: The
insights gained from this study can inform
future research and development efforts
aimed at improving electric vehicle
technology. The proposed methodology can
serve as a foundation for further innovations
in motor control, energy management, and

renewable energy integration.
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7.CONCLUSION

In conclusion, the integration of fuzzy logic-

based sensorless speed control and harmonic
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reduction techniques into synchronous
reluctance (Syn-Rel) motor drives presents a
highly promising solution for enhancing the
efficiency, reliability, and sustainability of
solar-assisted electric vehicles (EVs). The
conventional motor drive systems that rely
on sensor-based feedback and traditional
harmonic ~ reduction = methods  have
significant limitations, including high cost,
increased system complexity, maintenance
requirements, and potential for sensor
failure. By eliminating the need for physical
sensors and leveraging the adaptability of
fuzzy logic controllers, the proposed system
offers a more cost-effective and robust

solution to address these challenges.

Fuzzy logic-based sensorless speed control
is a key innovation that enables precise
motor speed estimation without the need for
expensive and maintenance-prone Sensors
like encoders or tachometers. This reduces
the complexity of the system, minimizes the
overall cost, and improves reliability by
removing points of failure. The fuzzy logic
controller, with its ability to handle
uncertainties and non-linearities in motor
operation, allows for adaptive control under
varying load conditions. This is particularly

beneficial in the context of electric vehicles,
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where load and operating conditions can
change rapidly. The use of fuzzy logic
provides flexibility and robustness, ensuring
that the motor operates efficiently even in

dynamic environments.

Another significant advantage of the
proposed system is the integration of
harmonic reduction strategies, such as space
vector modulation (SVM) or direct torque
control (DTC), with the fuzzy logic
controller. Harmonic distortion is a major
concern in motor drive systems as it leads to
increased power losses, motor overheating,
efficiency. By

and reduced system

minimizing  harmonic  distortion, the
proposed system ensures smooth and
efficient motor operation, leading to
enhanced performance, lower power losses,
and prolonged motor life. The fuzzy logic
controller

dynamically  adjusts  the

modulation strategies in real-time to
minimize harmonics while ensuring that the
motor delivers the required torque. This
continuous adaptation makes the system
more efficient than traditional methods that

rely on fixed control strategies.
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