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ABSTRACT: This research paper explores advancements in electric power steering (EPS) systems, focusing on
electronic control Strategies that enhance vehicle performance and energy efficiency. EPS has become a crucial
technology in modern Vehicles, offering significant benefits over traditional hydraulic systems, including reduced energy
consumption and Greater integration potential with advanced driver assistance systems (ADAS). This study examines
the evolution of Steering systems, highlighting the transition from manual to hydraulic and eventually to EPS, as well as
the key Components and architecture of modern EPS systems.The paper further delves into innovative control algorithms,
such As model-based, adaptive, and robust control strategies, which contribute to precise steering control and improved
Driving experience. In addition, it discusses performance enhancement techniques, including variable steering ratio and
Disturbance rejection, alongside energy-efficient motor control techniques and power-on-demand strategies that
Optimize system efficiency.Finally, this paper addresses the integration of EPS with ADAS and autonomous driving
Technologies, reliability and fault-tolerance measures, and the challenges and future trends shaping the next generation
Of steering systems. Through an analysis of current research and industry developments, this study provides a
Comprehensive overview of EPS technology and its future prospects.
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L. INTRODUCTION

Electric Power Steering (EPS) systems have emerged as a transformative technology in the automotive industry,
Gradually replacing traditional hydraulic power steering systems. The key distinction between EPS and hydraulic
Systems lies in the elimination of the hydraulic pump, which continuously drains power from the engine in traditional
Systems. EPS, on the other hand, operates only when steering input is detected, resulting in significant improvements In
fuel economy and energy efficiency, particularly in electric and hybrid vehicles where energy management is crucial. The
evolution of EPS technology has opened new possibilities in vehicle design and performance. One of the key Advantages
of EPS is its packaging flexibility. Without the need for bulky hydraulic components, EPS systems can be More easily
integrated into compact and lightweight vehicle architectures. This has allowed automotive manufacturers To optimize
space and reduce overall vehicle weight, contributing further to fuel efficiency and lower emissions. Moreover, EPS
systems are better suited for integration with advanced electronic systems compared to their hydraulic Predecessors. In
particular, the rise of advanced driver assistance systems (ADAS) has pushed the need for precise and responsive steering
control, which EPS is uniquely equipped to handle. Features such as lane-keeping assist, automated Parking, and stability
control rely heavily on the precision offered by electronically controlled steering [1].At the heart of modern EPS systems
is the sophisticated electronic control unit (ECU), which processes inputs from Various sensors, including torque sensors
and vehicle dynamics data, to deliver optimal steering assistance. These Control strategies range from basic feedback
loops to advanced model-based, adaptive, and robust control algorithms That tailor the steering response to various
driving conditions. This adaptability ensures better handling, improved Safety, and a more comfortable driving
experience.In addition to enhancing vehicle dynamics, EPS technology has paved the way for significant advancements
in steering Feel and feedback, which are critical for driver satisfaction. Modern EPS systems incorporate performance
enhancement Techniques such as variable steering ratios and active return-to-center functionality, which dynamically
adjust steering Responsiveness based on vehicle speed and road conditions. This ensures that drivers experience precise
control at high Speeds and ease of maneuverability at low speeds.This paper investigates the latest technological
advancements in EPS, focusing on how electronic control strategies are Pushing the boundaries of both steering

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 4539



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

_ t B | ISSN: 2322-0163 | www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
M
gﬁ'ﬁ 5 | Volume 8, Issue 2, March - April 2026 |
DTS
IJEETR DOI:10.15662/IJEETR.2026.0802460

performance and energy efficiency. By analyzing the evolution of steering Systems, innovations in control algorithms,
and future trends in integration with ADAS and autonomous driving

Systems, this study aims to provide a comprehensive overview of the current state and future prospects of EPS
Technology in the automotive sector.

1.1 PROBLEM STATEMENT

The conventional steering systems used in automobiles, such as hydraulic power steering and mechanical steering, have
several limitations including higher energy consumption, increased maintenance requirements, and lack of adaptability
to modern vehicle technologies. Hydraulic systems rely on engine power, which reduces fuel efficiency and increases
emissions, while mechanical systems demand more driver effort, especially at low speeds.

With the rapid advancement in automotive electronics and the need for improved vehicle control, safety, and efficiency,
there is a growing demand for an advanced steering mechanism. Traditional systems also face challenges in integrating
with driver-assistance technologies such as lane-keeping, autonomous driving, and electronic stability control.

Therefore, there is a need to develop an Electrical Steering System (EPS) that reduces driver effort, improves fuel
efficiency, minimizes maintenance, and enhances overall vehicle performance. The system should provide precise
control, adaptability to different driving conditions, and seamless integration with modern automotive electronic systems.

1.2 Objectives

The main objective of this project is to design and develop an efficient Electrical Power Steering (EPS) system that
reduces driver effort and enhances steering performance. The system aims to eliminate conventional hydraulic
components, thereby improving fuel efficiency and reducing energy losses. It focuses on providing precise steering
control and better responsiveness under various driving conditions, including low-speed and high-speed operations.
Another key objective is to minimize maintenance requirements and increase the overall reliability of the steering
mechanism.

Furthermore, the project seeks to integrate electronic control units and sensor-based feedback systems to enable
intelligent and adaptive steering assistance. It also aims to enhance vehicle safety, stability, and driving comfort while
supporting modern technologies such as Advanced Driver Assistance Systems (ADAS). The design emphasizes
compactness, lightweight structure, and cost-effectiveness, making it suitable for modern automobiles. Overall, the
objective is to develop a sustainable and high-performance steering system that meets current and future automotive
requirements.

II. RELATED WORK

The development of steering systems in automobiles has evolved significantly from purely mechanical linkages to
advanced electronically controlled systems. Early vehicles used manual steering mechanisms, which required
considerable driver effort, especially at low speeds and during parking. To overcome this limitation, hydraulic power
steering (HPS) systems were introduced, which used a pump driven by the engine to assist steering. Although HPS
reduced driver effort, it continuously consumed engine power, leading to reduced fuel efficiency and increased emissions.
Researchers and automotive manufacturers identified these drawbacks and began exploring alternative solutions.

With advancements in electronics and control systems, Electrical Power Steering (EPS) emerged as a promising
replacement for hydraulic systems. EPS uses an electric motor to provide steering assistance only when required, thereby
improving energy efficiency. Studies have shown that EPS can improve fuel economy by eliminating the constant load
on the engine. Researchers have focused on different types of EPS configurations, such as column-assisted EPS, pinion-
assisted EPS, and rack-assisted EPS, each offering unique advantages in terms of cost, performance, and application.

Several research works have emphasized the importance of sensors in EPS systems. Torque sensors, steering angle
sensors, and vehicle speed sensors are widely used to provide real-time input to the electronic control unit (ECU). Based
on these inputs, control algorithms determine the amount of assistance required. Advanced control strategies, including
PID control, fuzzy logic, and adaptive control methods, have been implemented to enhance steering precision and
responsiveness. These approaches help in providing variable steering assistance, making the steering lighter at low speeds
and firmer at high speeds for better stability.
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Recent studies have also focused on integrating EPS with Advanced Driver Assistance Systems (ADAS). Features such
as lane-keeping assist, automatic parking, and autonomous driving rely heavily on precise and responsive steering control.
EPS systems are well-suited for such applications because they can be easily interfaced with electronic systems.
Researchers have also explored steer-by-wire technology, which completely eliminates the mechanical connection
between the steering wheel and the wheels, further enhancing design flexibility and control.

In addition, efforts have been made to improve the reliability and safety of EPS systems. Redundant sensors, fault
detection algorithms, and fail-safe mechanisms are incorporated to ensure safe operation even in case of component
failure. Thermal management of the electric motor and efficient power electronics design have also been key areas of
research to enhance system durability.

Overall, the existing literature indicates that Electrical Power Steering systems offer significant advantages over
traditional steering systems in terms of efficiency, control, safety, and adaptability. However, challenges such as system
cost, complexity, and reliability under extreme conditions still require further research and development. This project
builds upon these studies to design an improved EPS system suitable for modern automotive applications.

III. EXISTING METHODOLOGY

The existing methodology for automobile steering systems primarily involves the use of mechanical and hydraulic power
steering mechanisms, followed by the adoption of Electrical Power Steering (EPS) systems in modern vehicles. In
traditional mechanical steering systems, the driver’s input is directly transmitted to the wheels through linkages such as
the steering column, rack, and pinion. Although simple in design, this method requires significant physical effort from
the driver, especially at low speeds.

To overcome this limitation, hydraulic power steering (HPS) systems were introduced. In this methodology, a hydraulic
pump driven by the engine supplies pressurized fluid to assist the steering movement. The system uses components such
as a reservoir, control valve, hydraulic cylinder, and hoses to provide steering assistance. While HPS reduces driver effort,
it continuously consumes engine power regardless of steering demand, leading to inefficiencies and increased fuel
consumption.

With advancements in automotive electronics, Electrical Power Steering (EPS) systems have become the standard
existing methodology in modern vehicles. EPS replaces the hydraulic components with an electric motor, sensors, and
an electronic control unit (ECU). The driver’s steering input is detected using a torque sensor and steering angle sensor.
These inputs are processed by the ECU, which calculates the required assistance based on factors such as vehicle speed
and steering conditions.

The ECU then sends signals to an electric motor mounted on the steering column, pinion, or rack. The motor provides
the necessary torque to assist the driver in steering. This assistance is variable, meaning more support is provided at low
speeds for easier maneuvering, and less assistance is given at high speeds to ensure better control and stability. The system
operates only when steering input is detected, thereby improving energy efficiency.

Additionally, feedback mechanisms are incorporated to ensure smooth and accurate steering response. Control algorithms
such as PID controllers are commonly used to maintain stability and precision. Safety features, including fault detection
systems and backup modes, are also integrated to handle system failures.

Overall, the existing methodology has evolved from purely mechanical systems to intelligent electronic systems, with
EPS offering improved efficiency, reduced maintenance, enhanced safety, and better integration with modern automotive
technologies.

IV. PROPOSED METHODOLOGY

The proposed methodology focuses on designing and developing an advanced Electrical Power Steering (EPS) system
that improves efficiency, control, and reliability compared to existing systems. The system is based on the integration of
an electric motor, sensors, and an electronic control unit (ECU) to provide intelligent and adaptive steering assistance.

In this methodology, the driver’s steering input is continuously monitored using a torque sensor and a steering angle
sensor. These sensors detect the magnitude and direction of the steering effort applied by the driver. Additionally, a vehicle
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speed sensor is used to determine the driving condition. All sensor data is sent to the ECU, which acts as the central
control unit of the system.

The ECU processes the input signals using advanced control algorithms such as PID control or adaptive control
techniques. Based on these inputs, it calculates the exact amount of assistance required. At low speeds, such as during
parking, the system provides higher assistance to reduce driver effort. At higher speeds, the assistance is reduced to ensure
better road feel and vehicle stability.

An electric motor, mounted on the steering column or rack, is then activated according to the ECU’s command. The
motor delivers precise torque assistance to the steering mechanism. A motor driver circuit is used to control the motor
speed and direction efficiently. The system operates only when required, which significantly reduces energy consumption
compared to hydraulic systems.

To enhance performance, the proposed system incorporates real-time feedback and correction mechanisms. Sensors
continuously monitor the system output, allowing the ECU to adjust the motor operation dynamically. This ensures
smooth steering response and high accuracy under varying driving conditions.

Safety and reliability are also key aspects of the proposed methodology. The system includes fault detection algorithms,
backup modes, and fail-safe mechanisms to handle sensor or motor failures. Thermal protection and overload protection
are also considered to improve durability.

Furthermore, the proposed methodology is designed to support future technologies such as Advanced Driver Assistance
Systems (ADAS) and semi-autonomous driving. The system architecture allows easy integration with other electronic
modules, making it suitable for modern and next-generation vehicles.

Overall, this methodology aims to develop a smart, energy-efficient, and reliable electrical steering system that enhances
driving comfort, safety, and performance while reducing maintenance and environmental impact.

4.1 System Architecture

The system architecture of the Electrical Power Steering (EPS) system is designed to provide efficient, reliable, and
intelligent steering assistance by integrating mechanical components with electronic control units and sensors. The
architecture mainly consists of input devices, a control unit, an actuator system, and feedback mechanisms, all working
together in a closed-loop system.

At the input stage, sensors such as the torque sensor, steering angle sensor, and vehicle speed sensor are used to capture
real-time data. The torque sensor detects the force applied by the driver on the steering wheel, while the steering angle
sensor measures the direction and position of the wheel. The vehicle speed sensor provides information about the driving
condition, which is essential for determining the level of assistance required.

All sensor data is transmitted to the Electronic Control Unit (ECU), which acts as the brain of the system. The ECU
processes these inputs using embedded control algorithms to calculate the appropriate steering assistance. It determines
how much torque needs to be applied by the electric motor based on factors such as speed, steering input, and road
conditions.

The actuator section consists of an electric motor and a motor driver circuit. The ECU sends control signals to the motor
driver, which regulates the motor’s operation in terms of speed and direction. The motor is mechanically connected to
the steering column, pinion, or rack, depending on the EPS configuration (column assist, pinion assist, or rack assist).
The motor provides the necessary assistance torque to reduce the driver’s effort.

A feedback system is incorporated to ensure accuracy and stability. Sensors continuously monitor the system output and
send feedback to the ECU, enabling real-time adjustments. This closed-loop control ensures smooth steering response

and improved handling performance.

Additionally, the architecture includes safety and protection modules such as fault detection systems, overload protection,
and fail-safe mechanisms. These features ensure that the system operates safely even in case of component failure.
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Overall, the EPS system architecture is a well-integrated combination of sensors, control units, actuators, and feedback
systems, designed to deliver precise, efficient, and adaptive steering performance suitable for modern automotive
applications.

4.2 Working of Electrical Power Steering (EPS)

The Electrical Power Steering (EPS) system works by using electronic components and an electric motor to assist the
driver in steering the vehicle with minimal effort. The entire operation is based on a closed-loop control system that
continuously monitors driver input and vehicle conditions.

When the driver turns the steering wheel, a torque sensor detects the amount of force applied and the direction of rotation.
At the same time, a steering angle sensor measures how much the steering wheel is turned. In addition, a vehicle speed
sensor provides information about the speed of the vehicle. All these inputs are sent to the Electronic Control Unit (ECU).

The ECU processes these signals using control algorithms to determine the required level of steering assistance. For
example, at low speeds such as parking, the ECU commands higher assistance to reduce driver effort. At high speeds, the
assistance is reduced to provide better control and road feel.

Based on the ECU’s decision, control signals are sent to the motor driver circuit, which activates the electric motor. The
motor is connected to the steering mechanism (column, pinion, or rack) and provides the necessary torque to assist the
driver in turning the wheels.

As the motor operates, the system continuously receives feedback from sensors to ensure accurate and smooth steering.
If any deviation occurs, the ECU adjusts the motor output in real time, maintaining stability and precision.

The system also includes safety features such as fault detection and fail-safe modes. In case of any failure in electronic
components, the system allows manual steering, ensuring that the driver can still control the vehicle.

Overall, the EPS system provides efficient, responsive, and adaptive steering by combining sensor inputs, electronic
control, and motor assistance, resulting in improved driving comfort, safety, and energy efficiency.

4.3 Electrical Control Strategies in Electrical Power Steering (EPS)

Electrical control strategies are essential in an Electrical Power Steering (EPS) system to ensure accurate, smooth, and
efficient steering assistance. These strategies determine how the electric motor provides the required torque based on
driver input and vehicle conditions.

One of the most commonly used control methods is the Proportional-Integral-Derivative (PID) control. In this strategy,
the controller continuously calculates the error between the desired steering torque and the actual output. It then adjusts
the motor input to minimize this error, ensuring stable and precise steering response. PID control is simple, reliable, and
widely used in automotive applications.

Another important strategy is assist characteristic control. In this method, the amount of steering assistance is varied
based on vehicle speed. At low speeds, such as during parking, maximum assistance is provided to reduce driver effort.
At high speeds, the assistance is reduced to improve vehicle stability and road feel. This strategy enhances both comfort
and safety.

Torque control strategy is also widely used in EPS systems. Here, the motor output torque is directly controlled based on
the torque applied by the driver on the steering wheel. Sensors detect the driver’s input, and the controller ensures that
the motor provides proportional assistance, resulting in a natural steering feel.

Advanced EPS systems use fuzzy logic control, which does not rely on exact mathematical models. Instead, it uses a set
of rules based on human reasoning to decide the level of assistance. This approach is useful in handling nonlinearities

and uncertainties in the system, providing smoother and more adaptive performance.

Another modern approach is adaptive control, where the system automatically adjusts its parameters based on changing
conditions such as load, road surface, and vehicle dynamics. This improves system performance and reliability over time.
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In addition, model-based control strategies are used, where a mathematical model of the EPS system is developed. The
controller predicts system behavior and optimizes performance accordingly. This method is often used in high-end
vehicles for better precision and efficiency.

For safety and reliability, fault-tolerant control strategies are implemented. These include backup control mechanisms
and error detection algorithms that ensure the system continues to operate safely even if a component fails.

Overall, electrical control strategies play a crucial role in enhancing the performance, safety, and efficiency of EPS
systems. By combining basic and advanced control techniques, modern EPS systems provide smooth, accurate, and
intelligent steering assistance suitable for today’s automotive requirements.

4.4 Performance Enhancement Techniques in Electrical Power Steering (EPS)

Performance enhancement techniques in an Electrical Power Steering (EPS) system are used to improve steering
accuracy, efficiency, reliability, and overall driving comfort. These techniques focus on optimizing both hardware and
control strategies to achieve better system performance.

One important technique is the use of advanced control algorithms such as PID tuning, adaptive control, and model-based
control. Proper tuning of control parameters helps in reducing errors, improving response time, and ensuring smooth
steering operation. Adaptive and intelligent control methods further enhance system performance by adjusting to
changing driving conditions in real time.

Another key technique is sensor optimization and calibration. High-quality sensors such as torque sensors, steering angle
sensors, and speed sensors provide accurate input data to the Electronic Control Unit (ECU). Proper calibration of these
sensors reduces noise and errors, leading to precise control and improved steering feel.

Motor performance optimization is also crucial. Using high-efficiency electric motors such as brushless DC (BLDC)
motors improves torque delivery and reduces energy consumption. Optimizing motor control through efficient driver
circuits and pulse-width modulation (PWM) techniques ensures smooth and responsive operation.

The implementation of energy management techniques helps in reducing power consumption. Since EPS operates only
when needed, further optimization through intelligent power control strategies can enhance battery life and overall
efficiency, especially in electric vehicles.

Friction and vibration reduction techniques are applied to improve steering smoothness. Mechanical design
improvements, lubrication, and damping methods help minimize unwanted noise, vibration, and harshness (NVH),
resulting in better driving comfort.

Another important enhancement is the use of feedback and closed-loop control systems. Continuous monitoring of system
output allows real-time corrections, ensuring accurate steering response and stability under different conditions.

Thermal management is also essential for maintaining system performance. Efficient heat dissipation methods, such as
heat sinks and cooling systems, prevent overheating of the motor and electronic components, thereby increasing
durability and reliability.

Additionally, fault detection and safety mechanisms enhance system robustness. Early detection of faults and
implementation of fail-safe strategies ensure uninterrupted and safe operation of the steering system.

Finally, integration with advanced technologies such as Advanced Driver Assistance Systems (ADAS) and intelligent
vehicle networks further improves EPS performance by enabling features like lane-keeping and automated steering.

Overall, these performance enhancement techniques collectively improve the efficiency, responsiveness, safety, and
reliability of Electrical Power Steering systems, making them suitable for modern and future automotive applications.

4.5 Future Trends & Challenges

In the future, Electrical Power Steering (EPS) systems will become more advanced with the growth of automation in
vehicles. EPS will play a key role in self-driving and semi-autonomous cars by enabling features like automatic lane-
keeping and self-parking. Steer-by-wire technology, which removes the mechanical connection between the steering
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wheel and wheels, is also expected to become more common. Integration with Advanced Driver Assistance Systems
(ADAS) will further improve safety and driving comfort. Additionally, EPS systems will become more energy-efficient,
compact, and lightweight with the use of improved motors and smart control algorithms.

Despite its advantages, EPS still faces some challenges. The system is more complex and costly compared to traditional
steering systems. Ensuring reliability and safety is very important, especially in case of electronic failures. Managing
heat in the electric motor and maintaining performance under extreme conditions can also be difficult. Cybersecurity is
another concern as vehicles become more connected. Moreover, developing fail-safe systems and maintaining consistent
steering feel for drivers remain key challenges for future improvements.

4.6 Reliability and Fault Tolerance in Electrical Power Steering (EPS)

Reliability and fault tolerance are critical aspects of an Electrical Power Steering (EPS) system, as steering is directly
related to vehicle safety and control. The system must operate consistently under various driving conditions and continue
to function safely even in the presence of faults or component failures.

Reliability in EPS refers to the system’s ability to perform its intended function without failure over a long period. This
is achieved by using high-quality components such as durable electric motors, robust sensors, and reliable Electronic
Control Units (ECU). Proper system design, including protection circuits and thermal management, ensures stable
operation under different environmental conditions like temperature variations, vibrations, and load changes.

One of the key methods to improve reliability is redundancy. Critical components such as sensors (torque and steering
angle) may be duplicated so that if one fails, the backup sensor can continue providing input to the system. This prevents
complete system failure and maintains steering assistance.

Fault detection and diagnosis play an important role in EPS systems. The ECU continuously monitors signals from
sensors and system components. If any abnormal condition is detected, such as signal mismatch or motor malfunction,
the system identifies the fault and takes appropriate action. Diagnostic algorithms help in quickly locating and isolating
faults.

Fault tolerance ensures that even if a failure occurs, the system continues to operate in a safe mode. In EPS, this is
typically achieved through fail-safe mechanisms. For example, if the electric motor or electronic control fails, the system
automatically switches to manual steering mode, allowing the driver to retain control of the vehicle, though with increased
effort.

Another important aspect is graceful degradation, where the system reduces performance instead of completely shutting
down. For instance, the level of steering assistance may be reduced gradually in case of partial failure, ensuring safety
without sudden loss of control.

Protection mechanisms such as overcurrent protection, overvoltage protection, and thermal protection are also
implemented to prevent damage to system components. These features enhance the durability and longevity of the EPS
system.

Regular system testing and validation, including simulation and real-time testing, further ensure reliability. Standards and
safety protocols are followed during design and implementation to meet automotive safety requirements.

Overall, reliability and fault tolerance in EPS systems are achieved through a combination of robust design, continuous
monitoring, redundancy, and intelligent control strategies. These features ensure safe, stable, and dependable steering
performance, which is essential for modern vehicles.

V. INTEGRATION WITH ADVANCED DRIVER ASSISTANCE SYSTEMS (ADAS)
The integration of Electrical Power Steering (EPS) with Advanced Driver Assistance Systems (ADAS) plays a crucial
role in enhancing vehicle safety, automation, and driving comfort. EPS provides precise and electronically controllable

steering, making it an ideal system for implementing various ADAS features.

In this integration, the EPS system works in coordination with sensors such as cameras, radar, LIDAR, and ultrasonic
sensors. These sensors continuously monitor the vehicle’s surroundings, including lane markings, obstacles, and other
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vehicles. The collected data is processed by the ADAS control unit, which makes real-time decisions and sends commands
to the EPS system.

One of the key applications of this integration is Lane Keeping Assist (LKA). When the vehicle unintentionally drifts out
of its lane, the ADAS system detects the deviation and sends corrective steering commands to the EPS. The EPS motor
then adjusts the steering angle to bring the vehicle back into the lane smoothly.

Another important feature is Automatic Parking Assist. In this case, the ADAS system calculates the required steering
movements for parking. The EPS system executes these commands by controlling the steering wheel automatically,
reducing the driver’s effort and improving accuracy.

EPS is also essential for Adaptive Cruise Control (ACC) with steering support and Lane Centering Assist, where
continuous small steering adjustments are needed to keep the vehicle centered in the lane. The high precision and quick
response of EPS make these functions reliable and effective.

In semi-autonomous and autonomous driving systems, EPS enables steer-by-wire functionality, where steering is
controlled entirely by electronic signals without direct mechanical input. This allows seamless interaction between
different vehicle control systems and enhances design flexibility.

Safety is a critical aspect of this integration. The EPS system includes fail-safe mechanisms and redundancy to ensure
that even if ADAS components fail, the driver can still control the vehicle manually. Real-time monitoring and fault
detection ensure reliable communication between EPS and ADAS modules.

Overall, the integration of EPS with ADAS significantly improves vehicle intelligence, safety, and convenience. It
enables advanced features that assist the driver, reduce human error, and move towards fully autonomous driving, making
it a key component in modern automotive systems

VI. CONCLUSION

The Electrical Power Steering (EPS) system represents a significant advancement in modern automobile technology by
replacing conventional mechanical and hydraulic steering systems with an efficient and intelligent electronic solution.
This project focused on the design and understanding of an EPS system that reduces driver effort while improving steering
precision, vehicle control, and overall driving comfort. By eliminating the need for engine-driven hydraulic components,
the EPS system contributes to better fuel efficiency and reduced environmental impact.

The integration of sensors, an Electronic Control Unit (ECU), and an electric motor enables the system to provide
adaptive steering assistance based on real-time driving conditions. This ensures smooth operation at low speeds and
improved stability at high speeds. The use of control algorithms and feedback mechanisms enhances accuracy,
responsiveness, and reliability. In addition, the reduction in mechanical complexity leads to lower maintenance
requirements and increased durability.

The study also highlights the importance of safety features such as fault detection systems and fail-safe mechanisms,
which ensure continuous vehicle control even in case of partial system failure. Furthermore, EPS systems are highly
compatible with modern automotive technologies, including Advanced Driver Assistance Systems (ADAS) and future
autonomous driving applications.

However, certain challenges such as system cost, complexity, thermal management, and cybersecurity must be addressed
for wider adoption and improved performance. Continuous research and development in these areas will further enhance
the capabilities of EPS systems.

In conclusion, the Electrical Power Steering system is a reliable, energy-efficient, and technologically advanced solution

that meets the demands of modern vehicles. It not only improves driver convenience and vehicle safety but also supports
the transition toward smarter and more sustainable automotive systems.
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