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Abstract— The rapid evolution of intelligent
transportation systems had made vehicle safety,
environmental sustainability, and driver assistance
critical areas of research. This paper presents a
future driver assistance system (FDAS) that
integrates Sensor Fusion and OnBoard Diagnostics
(OBD) for real-time vehicle monitoring and
predictive maintenance. The system enhances
driving safety and performance by combining data
from multiple sensor—such as MEMS, infrared,
temperature, and pressure sensor—with diagnostic
information from the vehicle’s OBD interface.
Through this fusion of mechanical, electrical and
environmental data, the system provides drivers
with predictive alerts, emission monitoring, and
efficiency analysis. The proposed frame work aims
to democratize intelligent vehicle technology,
making it adaptable and adaptable and affordable
for all vehicle types. Experimental results validate
the system’s efficiency in early fault detection,
emission tracking, and safe driving support,
establishing its potential for next-generation driver
assistance systems.
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Diagnostics(OBD), Driver assistance, Internet of
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1. INTRODUCTION

The automotive industry is undergoing a profound
transformation, fueled by the growing demand for
intelligent systems that improve road safety,
environmental  sustainability, and  driver
convenience. With increasing vehicular density,
unpredictable driving behavior, and stringent
environmental regulations, there is a critical need
for vehicles that can monitor, analyze, and respond
to internal and external conditions in real time.

Conventional Advanced Driver Assistance
Systems (ADAS) have made notable strides in
external perception through technologies such as
radar, ultrasonic sensors, and camera-based object
detection, there remains a critical need to integrate
internal vehicle health monitoring into the broader
driver assistance ecosystem. This is especially
relevant for regions where autonomous
infrastructure is limited, and vehicle reliability and
emission compliance are growing concerns.
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On-Board Diagnostic (OBD) systems have become
a standard feature in modern vehicles, offering a
robust platform for real-time monitoring of engine
performance, fuel consumption, and emission
levels. However, conventional OBD systems are
largely reactive—they inform the driver only after a
fault has occurred. To truly support preventive
maintenance and intelligence assistance, OBD data
must be extended with real-time sensor inputs and
interpreted using sensor fusion algorithms.

Sensor fusion enables the aggregation and analysis
of data from multiple types of sensors—such as
temperature, pressure, vibration, and gas sensors—
To gain a holistic understanding of vehicle behavior.
When combined with OBD-II information, this
fusion creates a powerful diagnostic and decision-
making system that can detect anomalies early,
estimate system degradation, and guide the driver in
real time.

This paper proposes a low-cost, reconfigurable
future driver assistance system (FDAS) that
integrates sensor fusion with OBD-II technology to
enable real-time, proactive support for drivers. By
leveraging a modular architecture and embedded
processing, the system is adaptable to a wide range
of vehicles-including those lacking built-in ADAS
features. The key contribution of this work are:

A hybrid system combining internal sensor data and
OBD diagnostic to improve predictive fault
detection,

A modular, cost-effective architecture suitable for
legacy and modern vehicles alike,

A demonstration of enhanced emissions monitoring
and driver notification through a prototype
implementation.

The propose system contributes to broader goals in
automative safety, sustainable transport, and
intelligent mobility—Aligning with global targets
such as the unitedNations sustainable development
Goal (SDG) 11: “make cities and human settlements
inclusive, safe, resilient, and sustainable.”

A parallel advance in automotive domain is the
widespread adoption of On-Board Diagnostics
(OBD) Systems. Originally developed in the 1980s
to comply with emission standards, OBD-II systems
have evolved into versatile platforms capable of
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reporting diagnostic trouble codes (BTCs), real-
time sensor data, and vehicle operational status.
Today, OBD-II is mandated in most countries and
is implemented across nearly all vehicle
categories. Despite its ubiquity, conventional
OBD applications are largely reactive—they
detect and report issues only after they occur. This
reactive model is insufficient for modern safety
requirements, where the emphasis has shifted
toward preventive maintenance and predictive
diagnostics.

To bridge this gap, this research explores the
integration of OBD data with real-time sensor
fusion to develop a proactive and intelligent driver
assistance platform. Sensor fusion refers to the
combination of information from multiple
heterogeneous sensors to derive a more accurate
and reliable understanding of system states than is
possible from any individual sensor alone. In the
context of vehicles, this includes combining data
from combining data from temperature sensors,
accelerometers (MEMS), pressure sensors, flow
meters, infrared gas detectors, and more. By
leveraging this data in conjunction with OBD-II
parameters such as RPM, throttle position, coolant
temperature, and oxygen sensor readings, the
system can infer complex failure patterns, monitor
emission thresholds, and assist drivers in real time.

The goal of this work is to design and prototype a
Future Driver Assistance System (FDAS) that is
both technically robust and economically
accessible. The system is intended to be
deployable across a range of vehicle types—
including low-end, legacy, or non-autonomous
vehicles—and provides a level of situational
awareness not commonly available in those
platforms. This project is especially relevant in
emerging economies, where the majority of the
vehicle fleet consists of older models without
advanced electronic control units or ADAS
features.

Several challenges arise achieving this integration.
First, sensor data from disparate sources must be
conditioned, digitized, and fused using appropriate
algorithms to avoid conflicting or noisy
measurements. Second, the embedded platform
must process this information in near real-time to
provide timely alerts and diagnostics. Third, the
system must be adaptable to different vehicle
architectures  without requiring significant
customization. Finally, it must be practical for
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widespread deployment.

This research builds upon the foundation of IoT-
based vehicle diagnostics but goes a setup further by
emphasizing fusion, contextual awareness, and
predictive analysis. The system is designed around
a modular embedded controller—such as a PIC or
ARM microcontroller—that interfaces with various
sensors and communicates with the vehicle’s OBD-
IT port via standard protocols like CAN or UART.
The controller process input from sensors mounted
on key vehicle subsystems (engine, exhaust,
suspension, etc.) and it integrates it with live OBD
data to evaluate vehicle health, emissions status, and
operational anomalies.

The implementation also features a user-friendly
dashboard that displays key metrics and alerts in
real-time, using LEDs, an LCD interface, or a
mobile application. Warnings such as “Engineering
Overheating,” “Fuel Flow Abnormality,” combined
senor-OBD rules. Such alerts allow the driver to
take corrective action before a serious failure
occurs, reducing maintenance costs and improving
road safety.

The broader impact of this work lies in promoting
smarter, safer, and more sustainable transportation,
transportation. By making intelligent diagnostics
and predictive driver assistance affordable and
accessible, especially in developing regions, this
system contributes to global goals such as the
United Nations Sustainable Development Goals
(SDGs)—mparticularly SDG 3 (Good Health and
well-being), SDG 9 (Industry, Innovation and
Infrastructure), and SDG 11 (Sustainable Cities and
Communities).

Importantly, this approach provides a practical and
affordable alternative to expensive ADAS modules.
By focusing on essential safety and performance
metrics and using commonly available components,
the proposed system democratizes access to smart
vehicle technologies—especially in developing
countries where infrastructure, cost constrains, and
legacy vehicles are major concerns.

The significance of such a system extends beyond
driver convenience. With increasing global
awareness about vehicular emissions, climate
change, and road safety, there is an urgent need for
intelligent solutions that can help reduce greenhouse
gas (GHC) emissions and support more sustainable
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driving behaviors. For instance, the fusion of
temperature, floe, and emission data can help
detect combustion inefficiencies that lead to
higher emissions. Provide early signs of wear,
tear, or unsafe operation.

Numerous of studies have attempted to extend
OBD systems with IoT capabilities or cloud
connectivity. However, most of these rely on
external dongles or proprietary tools that collect
OBD data but do not include environmental
sensors, fusion algorithms, or onboard intelligence
for real-time assistance. In contrast, this work
emphasizes embedded intelligence and multi-
source data correlation, all processed locally on
the vehicle, reducing latency and network
dependency.

This research also aligns with current trends in
Vehicle-to-Everything (V2X) communication and
the growing push toward decentralized
intelligence in autonomous system. While full
autonomy may still be years away for most road
vehicles, intermediate solutions like FDAS offer a
bridge toward safer, smarter mobility by enabling
proactive diagnostics and decision support.

Unlike traditional ADAS or diagnostic tools, the
proposed system emphasizes affordability,
adaptability, and modularity, making it suitable
for both modern and legacy vehicles, especially in
developing regions where vehicle technology may
lag behind but safety remains a priority. The
solution also aligns with global sustainable
development goals (SDGs) by promoting cleaner
transportation, road safety, and digital
accessibility in mobility.

Sensor fusion, on the other hand, is rapidly
growing field in the context of intelligent systems.
It involves integrating data from multiple
heterogeneous sensors to produce more accurate,
reliable, and meaningful information than
explored for external perception—for example,
combining radar, LIDAR, and however, the
potential of sensor fusion to enhance internal
vehicle monitoring—particularly when combined
with OBD—remains underutilized.

Driver assistance Systems have emerged as a
pivotal solution to this challenge, aiming to
support human drivers with insights that enable
safer and more efficient decision-making.
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Modern vehicles are already equipped with an array
of sensors designed to support discrete
functionalities such as anti-lock braking, lane
keeping, adaptive cruise control, and emission
control. However, these systems often operate in
isolation, limiting their potential to provide a
comprehensive and unified vehicle health profile.
Moreover, while conventional OBD-II systems
provide diagnostic trouble codes (DTCs) and
emission data, they are reactive in nature and lack
the predictive intelligence to identify subtle
anomalies in advance. Additionally, most OBD-II
solutions are manufacture-specific, expensive, or
inaccessible to average users without professional
tools.

1I1. Literature Review

The domain of vehicle diagnostics, driver
assistance, and sensor integration have attracted
significant academic and industrial interest over the
last decade. The ongoing evolution of advanced
Driver Assistance Systems (ADAS) reflects the
growing push toward intelligent mobility, road
safety, and environmentally conscious
transportation. In this section, we critically analyze
the current state of the art and identify the research
gaps that motivate the proposed system.

The OBD-II standard, introduced in the mid-1990s,
marked a significant milestone in automotive
diagnostics. It enabled vehicles to self-diagnose and
report faults by accessing standardized diagnostic
trouble codes (DTCs) through a dedicated port.
Numerous studies have explored the use of OBD-II
for fault logging, emission monitoring, and fuel
efficiency analysis.

While OBD-II remains the backbone of vehicle
diagnostics, its limitations are well documented. It
is largely reactive and lacks predictive capabilities,
providing fault data only after a malfunction occurs.
Furthermore, it relies on proprietary manufacturer-
specific parameter IDs (PIDs), limiting accessibility
and standardization across different vehicle
platforms. In addition, low-cost OBD scanners used
by consumers are often unable to interpret complex
or proprietary fault codes, further limiting their
usefulness.

Sensor fusion refers to the integration of data from
multiple heterogeneous sensors to produce a more
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comprehensive and accurate representation of the
system’s state. It is widely used in applications
such as autonomous driving, robotics, and military
systems.in the automotive domain, fusion of radar,
camera, LiDAR, GPS, and IMU (Inertial
measurement Unit) data has enable functionalities
such as adaptive cruise control, lane departure
warning, and obstacle detection.

Recent studies have begun exploring sensor fusion
beyond external environment perception. For
instance, Gupta and Mehta [2] demonstrated the
use of fusion algorithms for combining engine
vibration data with thermal readings to predict
mechanical faults in combustion engines.
Similarly, an approach by Tang et al. [3] utilized
sensor fusion for battery temperature, voltage, and
current measurements to prevent thermal runway
in electric vehicles.

[oT- enabled vehicles offer remote monitoring,
the-air  diagnostics, and cloud-based data
analytics, which significantly enhance scalability
and decision-making capabilities. The work by
Singh et al. [4] on predictive maintenance in fleet
vehicles used cloud platforms to track OBD and
sensor data over time, enabling machine learning-
based fault prediction. This model helped reduce
unplanned breakdowns and improved service
scheduling in commercial fleets.

III. Proposed Methodology

The proposed Future Driver Assistance System
(FDAS) integrates sensor fusion with OBD-II
diagnostics to provide a comprehensive driver
assistance framework for vehicle monitoring and
safety enhancement. The system architecture
consists of primary modules:

1. Sensor Interface Module:

A range of sensors-including temperature, MEMS,
infrared, orifice flow, and smoke detectors-are
interfaced with the embedded system to capture
real-time physical and environmental parameters.
These sensors are selected for their relevance to
engine performance, vehicle motion, and
emissions.
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2. Signal Conditioning and Acquisition:

Raw sensor signals are processed using analog
filters, amplifiers, and ADCs (Analog-to-Digital
Converters) to ensure accurate readings. This
module is crucial for translating analog phenomena
into digital signals usable by the microcontroller.

3. Embedded Control Unit (ECU):

The core computational unit, implemented using a
microcontroller (e.g., PIC16F877A or ARM
Cortex-M), gathers and analyzes sensor and OBD-
IT data. It runs real-time diagnostics, identifies
faults, and triggers warning signals based on
predefined thresholds and sensor fusion logic.

4. On-Board Diagnostics(OBD-II)
Integration

This module communicates with the vehicle’s
OBD-II port to access real-time diagnostic trouble
codes (DTCs), engine parameters (RPM, coolant
temperature, throttle position), and emission-related
data. It ensures compliance with regulatory
standards and enhances fault traceability.

S. Sensor Fusion Engine

This algorithmic layer combines multi-sensor data
into coherent vehicle health status. For instance, a
correlation between engine temperature spikes and
vibration anomalies can indicate mechanical wear or
leakage. Fusion techniques include weighted
averaging, Kalman filtering, and rule-based logic.

6. User Interface & Driver Alert System

A driver-facing dashboard (LCD or mobile
application) displays real-time system data such as
fuel efficiency, engine temperature, and emissions
status. The system also generates visual and/or
audible alerts for critical faults, promoting proactive
driver responses.

7. Tyre Pressure Sensor

Tyre pressure is a critical safety parameter. Under
inflated tyres increase fuel consumption and risk of
blowouts, while over — inflated tyres reduce grip. By
continuously monitoring the tyre pressure, the OBD
ensures safe driving conditions.

© 2025, IJSREM | https://ijsrem.com

8. MEMS Sensor

The Micro — Electro — Mechanical Systems
(MEMS) sensor detects tilt, inclination, and lateral
movement of the vehicle. This feature is partially
important for monitoring rollover conditions and
ensuring stability.

Together, these sensors provide comprehensive
information about the health of vehicle & safety.

Data Communication

The embedded controller outputs processed data
that needs to be relayed to the onboard computer
for further action. An RS232 converter formats
this diagnostic data into a standardized protocol
suitable for serial communication, ensuring
compactability and efficient data transfer between
the embedded controller and the onboard
computer. The RS232 protocol enables seamless
communication between system components,
allowing the onboard computer to receive and
interpret  diagnostic information from the
processor effectively.

Onboard Computer Integration

Once data is received, the onboard computer
performs  higher-level = management  and
diagnostics functions. Its stores Diagnostic
Trouble Code (DTCs) and allows technicians to
view comprehensive data through a user-friendly
interface. By organizing diagnostic data and
presenting it in an accessible format, the onboard
computer simplifies the maintenance process and
makes vehicle diagnostics readily available for
routine checks and troubleshooting.

Communication Unit

The communication unit serves as a critical link
between the system’s embedded hardware and the
external user interface. It is responsible for
transmitting real-time diagnostic and sensor data
from the microcontroller to the user, either
through wired or wireless means. In the proposed
design, the microcontroller collects inputs from
various sensors and processes them along with
OBD-II data.
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User Alerts and maintenance Feedback

When the system detects irregularities, such as
excessive temperature or low fluid levels, the
onboard computer is programmed to activate
warning mechanisms like dashboard alerts or
audible alarms. These alerts notify the driver
promptly, allowing immediate action. Additionally,
the system supports remote diagnostics by
transmitting diagnostics data to external service
centers or the cloud. Technicians can access this
data in real time, facilitating early intervention and
allowing for maintenance recommendations to
enhance vehicle reliability and performance.

Sensors
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Data
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Fig. 1. Flowchart

Algorithm

Step 1: |Initialize all sensors and OBD
interface(Temperature, fuel flow, emission, fluid
level, battery voltage, tyre pressure, MEMS, and
smoke sensor).

Step 2: Start continuous data acquisition from each
sensor (Temperature, Fuel flow, Fluid level,
MEMS, alert messages, Gas detection) are used to
alert the system give precaution & enhance safety

Step 3: Perform sensor fusion that integrate data
from different sensors and OBD .Generate a unified

vehicle status vector.

Step 4: Analyze fused data and compare values
with prefined safety and detect abnormalities.

Step 5: Decision-making process.

-If abnormal condition detected ->go to
Step 8.

-Else ->continue normal operation (go
back to Step 3)

Step 6: Generate an alert or corrective action.
-Display visual/audio warning to the
driver.
-Log the fault with timestamp and
parameter details.

Step 7: Store diagnostic data in local memory or
cloud database for future analysis.

Step 8: Repeat monitoring loop continuously.

Step 9: Stop the system when the vehicle is turned
off.

System Architecture

The proposed methodology can be represented by
a block diagram in which the sensor layer (engine
temp, exhaust, emission, fluids, fuel, battery,
tyre, MEMS, smoke) forms the input, the OBD
system acts as the processing core, and the
actuation and communication layer (alarms,
ignition control, detecting system, alerts) forms
the output. The interaction between these layers
ensures that safety actions are triggered
automatically without human intervention.

| TR,
TENPERATURE ™ pOTENTIAL DHICER —_— RS 22
UIENTIAL Oy - e
SENSORS | COMVERTOR
BT, —
J,“S‘V | #voomerTon
— \ I N ]
SEFRTTA ON - BOWRD
EMEEDIED COVPUTER
ENSSON SIGMAL CONTROLER
SENSORS CONDTIONER
| v sevsons | PERE OTHERIDS
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Fig. 2. Block Diagram of On — Board Diagnostics.

The above figure represents the block diagram of
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the proposed system various sensor such as
temperature, fuel flow, emission & fluid level are
used to capture vehicle parameters. Based on the
sensor data, the system manages alarms, cooling,
ignition and alerts to ensure safety and reliability
of the vehicles.

IV. Result and Discussion

The performance evolution of the proposed Future
Driver Assistance System (FDAS) was conducting
using a functional prototype that integrates multiple
heterogeneous sensors with the vehicle’s On-Board
Diagnostics  (OBD-11) interface.  Prototype
underwent both simulated bench tests and real-
world driving conditions to validate its accuracy,
responsiveness, and overall diagnostic reliability.
The results highlight the system’s capability to
perform real-time vehicle health assessment,
predictive fault identification, and emission
monitoring with a level of precision and efficiency
that surpasses traditional OBD-based systems.

During the experimental phase, the system
continuously monitored parameters such as engine
temperature, exhaust gas concentration, fuel flow
rate, and vibration amplitude. Data streams from the
MEMS accelerometer, infrared gas sensor,
temperature thermistor, and smoke chamber were
fused within the embedded controller to yield a
coherent and noise-reduced signal set. The sensor
fusion algorithm—implemented through weighted
averaging and correlation-based  filtering—
significantly improved the stability of measurement
outputs. On average, the system achieved a 15-18%
reduction in sensor variance compared to raw,
unfiltered signals, resulting in smoother and more
interpretable trends across time. This improvement
was especially notable in thermal and emission data,
where single-sensor fluctuations had previously
caused inconsistent readings under rapid load
variations.

The fused data provided a holistic view of vehicle
dynamics, allowing for the identification of subtle
deviations that may precede component
degradation. For instance, a simultaneous increase
in exhaust temperature and vibration amplitude was
consistently observed prior to simulated engine
misfires, confirming the system’ mapping such
relationships. FDAS effectively transitioned from a
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reactive diagnostic model to a predictive analytics
framework, enabling early detection of abnormal
conditions before traditional fault codes were
triggered. Latency testing revealed that the
average time delay between fault detection and
alert generation was less that 250 milliseconds,
ensuring that drivers received warnings in near
real time.

Predictive alerts were successfully generated for
conditions such as engine overheating, low fuel
efficiency, and emission threshold violations well
before critical limits were reached. In a controlled
trail comprising thirty test runs, the system
achieved an anomaly detection accuracy of 93.4%
and maintained a false positive rate below 5%,
demonstrating robustness against transient noise
and environment disturbances. These outcomes
underline the FDAS’s ability to provide fast,
accurate, and mobile operations.

The emission monitoring performance of the
system was also examined

in comparison with certified pollution control
instrumentation. Coz  concentration  values
measured by the infrared-based smoke sensor
were within + 2% deviation from the reference
analyzers, while particulate  concentration
readings from the smoke chamber correlated
strongly (correlation coefficient = 0.94 )with
laboratory-grade sensors. This level of precision
verifies the viability of the proposed FDAS as a
low-cost environmental diagnostic tool capable of
ensuring regulatory compliance with emission
standards. The system not only identifies real-time
emission anomalies but also capture gradual
trends associated with fuel mixture imbalance or
catalytic ~converter degradation, supporting
preventive maintenance strategies aimed at
reducing environmental impact.

When benchmarked against a conventional OBD-
11 setup, the FDAS demonstrated a broader
analytical capability. Traditional OBD systems
rely on pre-defined Diagnostic Trouble Codes
(DTCs) and typically detect faults only after a
malfunction has occurred. In contrast, the
proposed FDAS integrates live sensor data with
diagnostic parameters to recognize incipient faults
through  multi-dimensional correlation. For
example, while the OBD system merely reported
an engine temperature warning, the FDAS
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simultaneously analyzed temperature gradients,
vibration harmonics, and emission density to
determine whether the fault was thermal overload or
mechanical ~ imbalance. = Such  interpretive
diagnostics significantly enhance the contextual
accuracy of fault detection and minimize false
alerts. The experimental data further indicated that
the predictive component of the system could
anticipate maintenance events several minutes
before the onset of a critical fault.

In test cases simulating blocked fuel injectors and
exhaust leaks, early warnings were issued 10-12
minutes prior to system failure. This predictive
window is substantial for automotive safety, as it
allows drivers and automative safety, as it allows
drivers and automated control systems to initiate
corrective actions, such as load reduction or engine
shutdown, well before irreversible damage occurs.
The energy efficiency and computational overhead
of the embedded platform were also assessed. The
microcontroller’s processing utilization remained
below 70% ever under maximum sensor load,
confirming that the FDAS can operate efficiently in
real-time without requiring high-end processing
units. Power consumption averaged 3.5W, making
the design suitable for integration into low-power
automative  electronics and  battery-driven
platforms.

Beyond technical performance, the FDAS also
demonstrated potential for intelligent integration
within emerging automotive ecosystems. The
modular nature of the architecture permits seamless
inclusion of additional sensors such as ultrasonic
distance sensors, radar modules, or LiDAR units,
which can extend the system’s capability toward
advanced  driver-assistance = or  autonomous
navigation. Moreover, the structured data output
from the fusion layer can be transmitted via Wi-Fi
or CAN-to-cloud gateways for remote diagnostics
and predictive analytics. By leveraging machine
learning algorithms on historical data, the FDAS can
evolve into a self-learning maintenance system,
improving prediction accuracy over time and
adapting to specific vehicle behavior patterns.

From a broader perspective, the proposed system
contributes to the vision of sustainable and
intelligent transportation. By providing continuous
feedback on vehicle performance and emission
levels, the FDAS encourages timely maintenance,
reduced fuel wastage, and lower emissions. This
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directly supports environmental objectives such as
the United Nations Sustainable Development Goal
(SDG) 13- Climate Action-and advances the
development of data-driven green mobility. In
Summary, the experimental evaluation confirms
that integrating sensor fusion with OBD-based
diagnostics results in a substantial leap in
automative intelligence, safety, and environmental
stewardship. The FDAS transforms conventional
diagnostic routines into an adaptive, predictive,
and interconnected framework capable of real-
time learning and response.

Its cost-effectiveness, modular design, and
precision make it a compelling candidate for
widespread implementation in both existing and
next-generation vehicles. The findings reinforce
the system’s potential to become a cornerstone
technology for proactive vehicle health
management and driver assistance in the era of
smart mobility.

Furthermore, the observed system reliability under
extended testing periods demonstrates that FDAS
can sustain long-term performance without
calibration drift or signal degradation. Continuous
operation over multiple testing cycles revealed
that the fusion algorithms remained consistent
even under sensor aging and environmental
variations. This emphasizes the robustness of the
system’s architecture and confirms that the
hardware-software integration 1is suitable for
deployment in harsh automative environments.
Such durability ensures that FDAS can serve as a
long-term diagnostic companion rather that a
temporary testing module, enhancing its
commercial feasibility.

Additionally, the scalability of FDAS offers a
pathway for future automotive standardization.
The fusion approach can be adapted across
different vehicle classes-from compact cars to
heavy-duty commercial vehicles-by turning
sensor weights and diagnostic thresholds. This
flexibility enables manufacturers to integrate the
system within existing electronic control
architectures without extensive redesign. The
cost-per-unit is  significantly lower than
proprietary ADAS modules, opening
opportunities for adoption in developing markets
where affordability and reliability are critical
factors for technological acceptance.

| Page 8


https://ijsrem.com/

5

¢h" TR
o A
@3@ International Journal of Scientific Research in Engineering and Management (I[JSREM)

Volume: 09 Issue: 11 | Nov - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

( VEHICLE |

o
A [ DATA ACQUIRING SYSTEM(SENSORS) ]
n

[ l

| DATA PROCESSING SYSTEM{SIGNAL CONDITIONERS) |

DATA CONVERSION
(EMBEDDED MICROCONTROLLERS)

OBD WARNING{AY
FAULT)

u] IM s> %

o

| DATA MANIPULATION(SOFTWARE) |

[-:)-:E

DATA COMMUNICATION ]

Fig. 3. Functional Block Diagram

Moreover, the adoption of FDAS aligns with the
global trend toward autonomous and connected
vehicle ecosystems. When integrated with cloud-
based analytics platforms, the system’s diagnostic
data can support fleet-level maintenance prediction,
enabling companies to optimize scheduling,
minimize downtime, and reduce overall operational
costs. This data-centric approach not only benefits
manufacturers and service providers but also
informs policymakers about vehicle performance
trends, potentially shaping the next generation of
smart infrastructure planning.

In the context of academic and industrial research,
the FDAS provides a robust framework for
interdisciplinary development. Future studies could
focus on integrating artificial intelligence
algorithms such as neural networks or support
vector machines to enhance fault classification and
predictive accuracy.

Additional work may involve hybridizing the FDAS
with vision-based driver assistance systems,
allowing comprehensive situational awareness by
combining mechanical and environment sensing.
Such integrations will advance both intelligent
vehicle design and human-machine interaction
paradigms, bringing the automotive industry closer
to fully autonomous, self-healing systems. Finally
the societal

and environmental implications of the proposed
FDAS extend beyond vehicle diagnostics. By
fostering responsible driving behavior through
continuous feedback, the system encourages fuel-
efficient habits, timely servicing, and reduced
pollutant emissions. Over time, widespread
adoption of FDAS-equipped vehicles could
contribute to lower urban air pollution levels,
reduced traffic incidents, and enhanced public
safety. In essence, this research represents not only
a technological advancement but also a step toward
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building  sustainable, intelligent  mobility
ecosystems that balance innovation, safety, and
environmental responsibility.

V. Conclusion

The paper presents a Future Driver
Assistance System (FDAS) that combines
sensor fusion technology with On-Board
Diagnostics (OBD) to enable predictive
vehicle maintenance, real-time emissions
tracking, and safety enhancement. The
system’s modular and low-cost design
makes it adaptable for all wvehicle
categories, from compact cars to
commercial fleets. Experimental validation
confirm that the proposed architecture
improves diagnostic precision, response
time, and emission analysis accuracy,
establishing it as a practical and scalable
solution for next-generation vehicles.

The FDAS framework demonstrates that
integrating environmental, mechanical,
and diagnostic data into a unified
predictive model enhance the reliability of
driver-assistance technologies. Through
the use of multi-sensor fusion and real-time
analytics, the  system  anticipates
mechanical or thermal failures before they
become critical, significantly reducing
vehicle downtime and maintenance costs.
Moreover, its embedded design ensures
compatibility with existing automotive
infrastructure, enabling rapid adoption
without substantial hardware modification.

In addition to technical performance, the system
contributes to environmental sustainability by
continuously monitoring emission levels and
promoting fuel efficiency. By identifying
inefficient combustion patterns or catalyst
deterioration early, the FDAS supports
compliance with emission regulations and assists
in reducing overall greenhouse gas output. This
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makes it not only a diagnostic system but also an
environmental management tool that aligns with
global efforts toward eco-friendly mobility.
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