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Abstract—The Seat Electronic Controller Unit (SECU) is
an advanced automotive system designed to provide enhanced
comfort and convenience for passengers through automated seat
adjustments and integrated climate control features. This project
leverages the capabilities of Renesas microcontrollers, motor
drivers, and various system-on-chip (SoC) solutions to achieve
precise control over seat positioning. Passengers can adjust the
seat’s position using electronic switches for optimal ergonomic
support.

A key feature of the SECU is its dual-mode heating and
cooling system, designed to maintain a comfortable seating
temperature in varying environmental conditions. The system
uses thermoelectric elements and temperature sensors to regulate
heat distribution effectively. Additionally, the use of intelligent
algorithms ensures energy-efficient thermal management.

The microcontroller-based design provides real-time monitor-
ing and closed-loop feedback to ensure smooth motor operation
and accurate seat positioning. Safety mechanisms such as over-
load detection and thermal cut-off protection are implemented
to prevent damage to the system components. The integration of
a user-friendly interface allows seamless interaction, providing
easy access to adjustment and climate control settings.

Furthermore, the SECU is designed to be modular and
scalable, allowing customization for different vehicle models,
from luxury to economy class. Through the efficient use of
embedded systems and motor control technologies, this project
aims to contribute to the development of smart automotive
interiors that enhance the overall passenger experience. The
SECU’s innovative design ensures reliable performance, reduced
energy consumption, and improved passenger comfort, making
it a valuable addition to modern vehicles.

1. INTRODUCTION

The automotive industry has witnessed significant advance-
ments in recent years, with a focus on enhancing passenger
comfort and convenience. One of the key innovations in
this sector is the development of Seat Electronic Controller
Units (SECU), which provide automated seat adjustments
and personalized climate control. The SECU is an intelligent
embedded system that ensures ergonomic seating positions and
optimal thermal comfort for passengers, catering to individual
preferences. This project aims to design and implement a
reliable SECU using Renesas microcontrollers, motor drivers,
and system-on-chip (SoC) solutions.
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Traditional manual seat adjustments often lack precision
and require physical effort. In contrast, the SECU offers
a user-friendly electronic interface that allows passengers
to effortlessly adjust the seat’s position through electronic
switches. This includes features such as forward and backward
movement, seat recline adjustments, and height modifications.
The microcontroller-based design ensures precise control over
the seat motors, enabling smooth and accurate movements.
The system’s modular design further allows easy integration
into various vehicle models, from luxury sedans to compact
cars.

In addition to seat adjustments, the SECU incorporates a
dual-mode heating and cooling system to provide climate-
controlled seating. This is particularly beneficial in regions
with extreme weather conditions. The heating system uses
thermal elements to deliver warmth during cold seasons, while
the cooling system employs thermoelectric modules to dissi-
pate heat, ensuring a comfortable temperature. Temperature
sensors and feedback loops continuously monitor and regulate
the seat temperature, maintaining it within a specified range.
The SECU also emphasizes safety and reliability. Advanced
safety mechanisms such as overheat protection, current mon-
itoring, and error detection algorithms are integrated into the
system. In the event of a fault, the system can provide alerts
and prevent further operation, safeguarding both passengers
and the seat components. Additionally, low power consump-
tion and optimized motor control algorithms contribute to
energy efficiency, aligning with the growing demand for
sustainable automotive solutions.

This project employs Renesas microcontrollers due to their
robust performance, real-time processing capabilities, and
compatibility with motor drivers and sensor interfaces. The
microcontroller’s role is to process user inputs, control motor
movements, and regulate the temperature management system.
Through efficient programming and algorithm implementation,
the SECU can execute commands swiftly and accurately.
Additionally, the use of system-on-chip (SoC) solutions min-
imizes the need for external components, reducing system
complexity and enhancing overall reliability.
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In summary, the Seat Electronic Controller Unit is a
comprehensive solution that combines advanced electronic
control systems with passenger-centric design. By providing
customizable seat adjustments and climate control, the SECU
significantly improves the passenger experience. This project
not only highlights the application of embedded systems in
the automotive sector but also contributes to the evolution
of intelligent vehicle interiors. With further advancements,
SECU systems have the potential to integrate with vehicle
infotainment systems and Al-driven comfort management,

paving the way for smarter and more comfortable journeys.
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II. CHALLENGES AND ROOT CAUSES

* Motor Control and Precision Adjustment
Achieving precise and smooth seat adjustments using motor
drivers is a major challenge in the Seat Electronic Controller
Unit (SECU). Misalignment, jerky movements, or delayed
responses can significantly affect the user experience.
Root cause: The absence of robust control algorithms, inade-
quate sensor feedback, and improper motor calibration are pri-
mary factors. Additionally, motor drivers may experience load
variations, leading to inconsistent movements. Implementing
closed-loop feedback systems and real-time monitoring can
mitigate these issues, ensuring accurate seat positioning.

* Thermal Management and Safety The integration of
both heating and cooling functions in the SECU presents
challenges related to temperature regulation and system safety.
Inefficient thermal management can lead to overheating or
insufficient cooling, impacting passenger comfort.

Root cause: Poor sensor calibration, ineffective temperature
regulation algorithms, and suboptimal positioning of heating
or cooling elements are major contributors. The absence of
overheat protection mechanisms and real-time fault detection
can also pose safety risks. Incorporating adaptive thermal
management algorithms and implementing safety protocols
can enhance both performance and passenger protection.

+Power Management and System Integration Efficient
power management is critical to ensure the SECU operates
without draining the vehicle’s battery. Excessive power
consumption and system malfunctions often arise due to
inadequate energy optimization.

Root cause:Inefficient motor control, lack of power regulation
algorithms, and improper component selection contribute to
high energy consumption. Additionally, integrating multiple
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components, including Renesas microcontrollers, motor
drivers, and temperature sensors, can introduce compatibility
issues. Using low-power microcontrollers, employing smart
power management algorithms, and optimizing component
placement can address these concerns, ensuring reliable and
energy-efficient operation.

III. MOTIVATION

The increasing demand for enhanced passenger comfort and
convenience in modern vehicles has driven the need for intelli-
gent automotive solutions. Traditional manual seat adjustment
mechanisms often lack precision and require physical effort,
limiting the user experience. The motivation behind devel-
oping a Seat Electronic Controller Unit (SECU) stems from
the desire to provide passengers with a seamless, automated
seat adjustment system that ensures optimal comfort through
personalized positioning and climate control.

Enhanced Passenger Comfort : The primary motivation
behind the Seat Electronic Controller Unit (SECU) is
to provide passengers with a luxurious and personalized
seating experience. By offering automated seat adjust-
ments and climate control using electronic switches, the
system ensures maximum comfort, reducing physical
effort and improving ergonomics during long journeys.

- Adaptive Climate Control: Extreme weather conditions

can cause discomfort for passengers, making temperature
management crucial. The SECU integrates heating and
cooling functionalities with intelligent temperature regu-
lation, ensuring a comfortable seating environment. This
adaptive feature is especially beneficial for regions with
fluctuating climates.
Safety and Reliability: Ensuring passenger safety is a
key motivation for implementing the SECU. The system
incorporates real-time monitoring, fault detection algo-
rithms, and overheat protection to prevent accidents or
component failures. These safety features enhance the
reliability of the system, providing peace of mind for
users.

- Energy Efficiency and Technological Advance-
ment:With the growing emphasis on sustainable solu-
tions, the SECU is designed to optimize energy consump-
tion using Renesas microcontrollers and power manage-
ment algorithms. Additionally, the project showcases the
integration of embedded systems and intelligent motor
control technologies, contributing to the advancement of
smart automotive interiors.

IV. WORKING PRINCIPLE

A. Power Management and Protection

Power Supply Regulation: The system uses a 12V battery
as the primary power source, which passes through a
Reverse Polarity Test and a Transient Voltage Test for
protection against voltage spikes.
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B. Microcontroller Control and Communication

D. Communication Interface

Renesas Microcontroller controls motors, heating ele-
ments, and fans using sensor data.
Communicates via CAN Bus and LIN Bus with the Body
Control Unit (BCM) and sensors.

C. Sensor Integration and Feedback

Pressure, Hall, Temperature, and Humidity Sensors pro-
vide real-time data.

Microcontroller uses a closed-loop feedback system for
precise control and adjustments.

D. Actuation and Output Control
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MOSFET Gate Driver ICs drive DC motors for seat
adjustments.

Smart High-Side Switches manage heating elements and
fan motors for climate control.
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V. KEY FUNCTIONAL CAPABILITIES

A. Precise Seat Adjustment

Utilizes DC motors controlled by Multi-MOSFET Gate
Driver ICs for smooth movement.

Implements closed-loop feedback with Hall sensors for
accurate positioning.

B. Climate Control System

Employs thermoelectric modules for both heating and
cooling.

Temperature sensors provide real-time data to maintain
user-defined temperatures.

C. Safety and Fault Detection

Integrates overcurrent protection using smart switches
and MOSFET drivers.

Features real-time fault diagnostics and emergency shut-
down for critical failures.
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Supports CAN Bus for high-speed communication with
the Body Control Unit (BCM).
Uses LIN Bus for low-speed, cost-effective communica-
tion with sensors and actuators.

E. Real-Time Monitoring and Feedback

Sensors such as Pressure, Hall, Temperature, and Humid-
ity provide continuous data.

The Renesas microcontroller analyzes sensor inputs to
adjust motor and climate control outputs.

F. Power Management and Efficiency

Manages power using a 12V battery regulated by an LDO
5V converter.

Smart High-Side Switches ensure efficient power distri-
bution to motors and heaters.

VI. CHALLENGES AND FUTURE WORK

Significant technical challenges must be addressed:

A. Challenges

Motor Control and Precision: Achieving smooth and
precise seat adjustments is a major challenge due to the
involvement of multiple DC motors operating simulta-
neously. Ensuring accurate positioning requires imple-
menting advanced PID (Proportional-Integral-Derivative)
control algorithms. Without proper tuning, issues like
overshooting, jerky movements, and motor stalling can
occur. Additionally, factors such as mechanical resistance
and motor load variations further complicate the control.
Integrating real-time Hall sensor feedback and applying
adaptive motor control techniques can help address these
challenges.

Thermal Management and Efficiency: Maintaining a
consistent and comfortable seat temperature using ther-
moelectric modules (Peltier elements) is complex. The
system must rapidly respond to temperature changes
while preventing overheating. Poor heat dissipation can
reduce the efficiency of the cooling mechanism, while ex-
cessive heating may lead to user discomfort. Furthermore,
improper sensor calibration and delays in feedback pro-
cessing can cause temperature fluctuations. Implementing
an intelligent thermal management algorithm with real-
time monitoring ensures precise temperature regulation.
Safety and Fault Detection : Detecting and responding
to system faults in real-time is crucial for passenger
safety. Risks like overheating, short circuits, and motor
failures can damage components. Basic fault detection
systems may not react quickly. Integrating MOSFET-
based protection circuits, real-time error logging, and
automatic shutdown mechanisms enhances safety and
prevents long-term damage.

Communication Reliability: Maintaining reliable com-
munication between the microcontroller, sensors, and ac-
tuators using CAN Bus and LIN Bus can be difficult due
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to electromagnetic interference (EMI) and data collisions.
Implementing robust error-handling protocols like CRC
checks and using proper shielding and grounding tech-
niques ensures uninterrupted data exchange and system
stability.

Power Consumption Optimization :Efficiently manag-
ing power consumption is essential to prevent battery
drain and overheating. High-power components like mo-
tors and heating elements can overload the system if not
regulated properly. Using smart high-side switches, real-
time voltage monitoring, and dynamic power manage-
ment algorithms allows the system to optimize energy
use while maintaining consistent performance.

Future Work: To further improve the efficiency, relia-
bility, and versatility of the Seat ECU, the following ad-
vancements can be explored, ensuring a more intelligent
and adaptive approach to vehicle power management.
Advanced Seat Personalization: Future development
can incorporate Al algorithms to learn user preferences
and automatically adjust the seat position and climate
settings. Integration with voice assistants and mobile apps
can offer seamless, personalized control.

Enhanced Climate Control Implementing adaptive ther-
mal management using machine learning can predict
and adjust seat temperature based on external weather
conditions. Adding multi-zone temperature control for
different seat sections will further enhance passenger
comfort.

Improved Safety Features Future versions can integrate
predictive maintenance algorithms to detect component
wear and potential failures in advance. Additionally,
adding real-time diagnostics with cloud connectivity can
provide remote monitoring and error analysis.

Energy Optimization and Sustainability Incorporat-
ing energy-efficient components and optimizing power
management algorithms can reduce battery consumption.
Using eco-friendly materials for heating and cooling
elements will enhance the system’s sustainability and
reduce the vehicle’s overall carbon footprint.

VII. CONCLUSION

Conclusion The Seat Electronic Controller Unit (SECU)
is a comprehensive solution designed to enhance passen-
ger comfort and safety through advanced seat adjustment
and climate control features. By utilizing Renesas micro-
controllers, DC motors, and thermoelectric modules, the
system provides precise seat positioning and personalized
temperature regulation. Real-time sensor feedback and
closed-loop control ensure smooth operation, delivering
an optimal seating experience.

Safety and energy efficiency are at the core of the
SECU’s design. Integrated fault detection algorithms,
overcurrent protection, and temperature monitoring safe-
guard passengers and components from potential hazards.
Additionally, the system’s intelligent power management
algorithms minimize energy consumption, contributing to

overall vehicle efficiency. Through robust communication
using CAN Bus and LIN Bus, the SECU maintains
reliable performance and seamless integration with other
vehicle systems.

Future enhancements to the SECU can further improve
user experience by incorporating Al-based personaliza-
tion, predictive maintenance, and advanced climate con-
trol algorithms. With its scalable and adaptable design,
the SECU has the potential to become a standard feature
in modern vehicles, providing unparalleled comfort and
safety. This project demonstrates the effectiveness of
embedded systems in the automotive sector, paving the
way for smarter and more intuitive vehicle interiors.
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