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Abstract— Modern vehicle telematics systems combine
onboard electronics with cloud services to enhance safety,
tracking, and maintenance. This paper presents a
comprehensive telematics architecture built around an
STM32 microcontroller, integrating GPS, 4G LTE
communication, a MEMS accelerometer/gyroscope, a
CAN-bus interface, and robust power management, all
feeding into a cloud dashboard. The design enables real-
time vehicle tracking, accident detection, driver behavior
analysis, and predictive maintenance. A prototype block
diagram and workflow illustrate data flow from sensors
to cloud.

The system leverages MEMS sensors to detect crashes
and triggers alerts via 4G, sending GPS coordinates and
vehicle status to emergency responder. CAN-bus
connectivity allows reading engine and vehicle data for
maintenance alerts. Results from similar
implementations show that such systems significantly
improve fleet safety and operational efficiency. In
conclusion, the proposed design enhances safety and is
scalable for both individual drivers and fleet
management, with future work pointing toward machine
learning-based analytics and broader connectivity.

Index Terms— STM32 Microcontroller, Accident
Detection, Driver Behavior Monitoring, Predictive
Maintenance, GPS Tracking, IoT in Transportation,
CAN Bus Interface, Cloud Dashboard, 4G LTE
Communication, Real-Time Vehicle Monitoring, Inertial
Measurement Unit (IMU), MEMS Sensors, Fleet
Management

I. INTRODUCTION

Connected vehicle telematics leverages embedded
electronics and wireless links to monitor vehicle status
and driver behavior in real time. For example, an
industry reference design uses a Cortex-M3 STM32
microcontroller with an integrated GPS receiver and
GSM/GPRS modem to collect location, speed, and
sensor data, and transmit it to a server. Modern IoT
platforms extend this concept: by combining sensors
such as GPS, accelerometers, gyroscopes, and cellular
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modems, they can detect crashes with high accuracy
and instantly notify authorities and fleet managers.
This integration of

MEMS sensors (to detect abrupt motion or rollover)
with cellular connectivity enables “eCall” style
emergency alerts in seconds, greatly reducing
response time after an accident. In addition to safety,
telematics data enables driver behavior analysis and
predictive maintenance, improving efficiency for both
individual drivers and large fleets. This paper proposes
a detailed STM32-based telematics solution that
unifies GPS tracking, 4G IoT communication, MEMS
sensing, CAN-bus diagnostics, and power
management into a scalable platform. The
contributions include (1) a methodology and block
diagram for the integrated hardware, (2) a system
architecture with data flow to a cloud dashboard, and
(3) analysis of how the solution enhances safety and
supports fleet-scale deployment.

The rapid advancement of automotive electronics,
wireless communication, and cloud computing has led
to the emergence of smart vehicles equipped with
advanced telematics systems. These systems combine
vehicle sensor data  acquisition, real-time
communication, and intelligent decision-making to
enhance driving safety, improve vehicle maintenance,
and optimize fleet operations. Telematics, a fusion of
"telecommunications" and "informatics," plays a
crucial role in bridging the gap between vehicles and
remote data servers, enabling real-time monitoring,
analytics, and response capabilities.

With road accidents still claiming over a million lives
annually worldwide, crash detection and emergency
alert systems are becoming essential safety features.
Traditional systems, such as eCall in Europe, are being
enhanced by smart telematics platforms that offer
faster response, richer data, and greater scalability.
Furthermore, fleet operators and logistics companies
are increasingly relying on telematics for route
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optimization, driver performance tracking, and
predictive maintenance, which not only reduce costs
but also improve operational reliability.

II. LITERATURE SURVEY

1. Inrecent years, researchers have made significant
progress in developing IoT-based accident
detection and emergency alert systems. These
systems primarily rely on a combination of GPS,
accelerometers, and communication modules
such as GSM or LTE. For example, several
studies demonstrated that using a 3-axis
accelerometer to detect sudden deceleration and
integrating it with GPS allows the system to send
the vehicle’s exact location to emergency services
immediately after a crash. This rapid
communication has been shown to reduce
emergency response time and improve survival
rates. The integration of low-cost loT components
also makes such systems feasible for both
commercial and personal vehicles.

2. Another important research direction involves the
integration of telematics systems with embedded
microcontrollers. Among various controllers, the
STM32 series by STMicroelectronics has gained
popularity due to its low power consumption, high
processing speed, and multiple communication
interfaces such as UART, SPI, and CAN. The
STM32 has been effectively used in telematics
prototypes that gather GPS data, process sensor
readings, and control GSM/LTE modules. For
example, the STEVAL-IEGO01V2 reference
design from ST demonstrates real-time GPS
tracking and black-box crash data recording,
which forms a foundation for modern smart
vehicle telematics architectures.

3. MEMS-based motion and impact detection has
also  contributed greatly to telematics
development. + (collectively known as IMUs —
Inertial Measurement Units) are essential for
detecting rollovers, crashes, and unsafe driving
behaviors. When combined with GPS, MEMS
sensors provide multi-sensor fusion, increasing
the accuracy of accident detection. Studies reveal
that multi-sensor fusion reduces false alarms
caused by road bumps or hard braking, ensuring
only genuine accidents trigger alerts. This
technology has also been used for detecting driver

fatigue, lane deviation, and reckless driving
patterns.

The Controller Area Network (CAN) bus has
been another major focus area in the literature. It
is a standard communication protocol used in all
modern vehicles for ECU (Electronic Control
Unit) communication.  Researchers  have
implemented telematics systems that connect
microcontrollers to the CAN bus to collect real-
time data such as RPM,engine temperature, and
fault codes. This data helps monitor vehicle
health, enabling predictive maintenance and fault
diagnosis. Studies show that integrating CAN
data with [oT dashboards allows fleet managers to
anticipate mechanical issues before failure occurs,
reducing downtime and maintenance costs.

The integration of cloud computing and IoT
platforms in telematics has opened new
possibilities for large-scale data management.
Platforms such as AWS IoT Core, Azure IoT Hub,
and Google Cloud IoT have been used to create
dashboards for real- time monitoring and data
analytics. These platforms enable remote
visualization of live GPS tracking, vehicle status,
and driver behavior. Research confirms that
combining telematics data with cloud analytics
improves decision-making for fleet operations,
maintenance scheduling, and route optimization.
Several studies have explored driver behavior
monitoring through telematics data analysis.
Parameters such as acceleration, braking
intensity, cornering force, and speed are collected
via IMU and GPS sensors. By applying machine
learning algorithms to these datasets, systems can
classify driving styles as normal, aggressive, or
fatigued. For instance, deep learning models
trained on telematics data achieved more than
90% accuracy in identifying risky driving
behavior. This has practical applications in
insurance telematics, where driver scoring models
are used to adjust premiums based on driving
habits.

Research on predictive maintenance using Al and
IoT shows that analyzing vibration, temperature,
and voltage data helps predict mechanical failures
before they occur. Embedded Al models running
directly on STM32 microcontrollers enable real-
time fault prediction without continuous cloud
dependency. Studies demonstrate that predictive
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maintenance reduces repair costs and increases
the lifespan of critical components. Combining
this capability with cloud storage enables both
edge and cloud analytics for scalable deployment.
Power management is another crucial aspect
covered in the literature. Automotive telematics
units must operate reliably even during voltage
fluctuations or after a crash. Research highlights
the use of automotive-grade power circuits and
battery backup modules that maintain system
operation when the main vehicle battery is
disconnected. For instance, circuits using voltage
monitoring comparators or Li-ion backup
modules ensure that accident alerts are sent even
if the main power source fails. Such designs
enhance reliability and make the system suitable
for real-world automotive conditions.

Studies on fleet management systems reveal that
integrating telematics with cloud dashboards
significantly improves logistics efficiency and
vehicle utilization. IoT-based fleet management
architectures have been deployed in large-scale
industrial operations, such as mining and
transportation Reports show that
telematics adoption reduces fuel consumption,
prevents unauthorized vehicle use, and increases
overall operational efficiency. A mining fleet
study found a 25% improvement in resource
utilization and a 30% reduction in accidents after
adopting IoT-based telematics monitoring.

From the above literature, it is evident that
numerous advancements have been made in
isolated areas such as accident detection, driver

sectors.

behavior analysis, and predictive maintenance.
However, there is still a lack of a comprehensive
telematics framework that integrates all these
features into a single, cost- effective, and scalable
solution. The proposed work bridges this gap by
developing a unified telematics system that
combines sensor fusion, CAN-based diagnostics,
cloud integration, and Al-driven analytics for
real-time vehicle monitoring and safety
enhancement.

Recent literature emphasizes the use of 5G and
advanced communication networks to improve
telematics data transfer speed and reliability.
Traditional GSM and LTE-based systems face
limitations such as latency and limited bandwidth
during high data loads. With the rollout of 5G and
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Vehicle-to-Everything (V2X) communication,
telematics systems can now support ultra-low-
latency data transmission between vehicles,
infrastructure, and cloud servers. Researchers
report that 5G-enabled telematics improves real-
time monitoring and enables advanced
features like cooperative collision avoidance
and platooning in autonomous fleets. =
Studies also highlight the emergence of Edge
Computing in vehicular telematics, where data
processing and analytics occur locally on the
telematics control unit instead of relying solely on
cloud servers. Edge computing reduces response
time for critical events such as crash detection or
system faults. Researchers have implemented
lightweight learning models on
microcontrollers like STM32 to process vibration,
acceleration, and engine data on-site, which
enhances reliability
connectivity is poor.

machine

even when internet
Energy efficiency and sustainability have become
crucial research themes in telematics design. New
studies propose low-power loT architectures that
minimize battery drain while maintaining
continuous connectivity. For instance, systems
incorporating NB-IoT (Narrowband IoT) and
LoRaWAN technologies consume significantly
less power compared to 4G/LTE while still
offering wide-area coverage. This approach is
ideal for remote fleet monitoring, -electric
vehicles, and long- distance logistics. Researchers
have demonstrated that adopting energy-efficient
IoT protocols can extend device uptime by over
40% in field conditions.

Security and data privacy are key challenges
identified in several research works. As vehicles
become increasingly connected, they are more
exposed to cyber threats such as GPS spoofing,
data interception, or unauthorized cloud access.
Literature on automotive cybersecurity suggests
implementing end-to-end encryption (TLS/SSL),
secure boot mechanisms, and blockchain-based
authentication in telematics systems. Blockchain
technology, in particular, has been proposed for
creating tamper-proof logs of vehicle data,
ensuring the integrity of crash reports and driver
analytics.

2318



© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002

ITII. PROBLEM STATEMENT

Despite advances, many vehicles still lack a unified
telematics unit that combines high-speed connectivity
with rich sensing and diagnostics. Traditional
accident-alert systems may use simple GSM/GPS
modules and crash sensors, but often rely on outdated
networks or manual triggers.

There is a need for a platform that can continuously
monitor vehicle health and driver behavior, detect
anomalies (crashes or hazardous driving), and
communicate this data instantly to cloud services. The
challenges include ensuring reliable communication
even in remote areas, powering the device through
vehicle voltage transients, and processing data
efficiently on a low-cost MCU.

For instance, accidents remain a critical issue
worldwide, with delayed emergency alerts
contributing significantly to fatalities.

A robust telematics design must address these
problems by integrating multi-sensor data acquisition
(accelerometer, gyro, GPS, CAN- bus) with 4G/LTE
IoT connectivity, plus features like automatic
emergency calling and a scalable cloud dashboard. In
summary, the problem is to build an all-in-one
telematics solution that improves safety (through
quick accident detection and alert), enables predictive
maintenance, and scales to fleets, all while handling
automotive power conditions.

IV. METHODOLOGY

The proposed telematic solution for smart vehicles is
designed as an intelligent, modular, and IoT-
integrated system capable of monitoring vehicle
health, driver behavior, and accident events in real
time. The methodology focuses on developing a cost-
effective and scalable solution using an STM32
microcontroller, which acts as the central processing
unit of the system. The proposed design integrates
several hardware and software modules, including
GPS, MEMS sensors (accelerometer and gyroscope),
CAN bus interface, 4G LTE communication, and
cloud-based analytics, all working together to ensure
seamless data flow between the vehicle and remote
monitoring platforms. The overall system design is
illustrated in Figure 1 (Block Diagram), which
represents the interconnection between each module
and the corresponding data flow.
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The hardware design begins with the STM32
microcontroller, which serves as the brain of the
system. It handles data acquisition, signal processing,
and communication with external modules. The
STM32 is selected for its low power consumption,
high-speed ARM Cortex-M architecture, and support
for multiple peripheral interfaces such as UART, SPI,
I2C, and CAN. The microcontroller interfaces with a
GPS module to continuously acquire real-time
location, velocity, and time data. This information is
crucial for live

tracking, route monitoring, and location reporting
during accident events. Simultaneously, the Inertial
Measurement Unit (IMU), composed of a three- axis
accelerometer and gyroscope, provides information on
motion, tilt, vibration, and angular displacement.
These readings are continuously monitored by the
STM32 to detect abnormal motion patterns. When the
acceleration or angular rate crosses predefined
thresholds, the microcontroller interprets the condition
as a possible crash event and initiates an emergency
response sequence.

DASHBOARD /
MOBILE APP

MICROCHIP

GPS

ACCELEROMETER

GYROSCOPE

ALERT SYSTEM

Figure 1 Block Diagram

A CAN bus interface is also integrated into the system,
enabling the microcontroller to communicate with the
vehicle’s internal Electronic Control Units (ECUs).
Through this interface, critical engine and
performance data such as RPM, coolant temperature,
fuel level, and diagnostic trouble codes (DTCs) are
accessed in real time. This information is essential for
predictive maintenance and vehicle health monitoring,
as it allows early identification of potential mechanical
failures. The data from the CAN bus, IMU, and GPS
are processed locally by the STM32, filtered for
noise,and formatted for wireless transmission.

Communication between the vehicle and the cloud
platform is handled by a 4G LTE IoT module, which
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serves as the system’s primary data transmission
channel. The module is capable of sending both
periodic updates and event-based alerts to a remote
server using lightweight IoT protocols such as MQTT
or HTTP over TLS. The 4G module also supports SM'S
and voice call functions for emergency notifications
when network coverage is limited. The
communication link ensures that critical data, such as
crash alerts, vehicle coordinates, and sensor logs,
reach the cloud dashboard with minimal latency.

Figure 1: Interactive Communication Protocol Flow
On the software side, the system is divided into three
operational layers: data acquisition, processing, and
communication. The data acquisition layer collects
real-time data from all connected modules using
STM32 peripheral drivers. The processing layer runs
embedded algorithms that perform accident detection,
driver behavior analysis, and data packaging for
transmission. For instance, the crash detection
algorithm compares incoming accelerometer and
gyroscope readings against preset thresholds. If the
longitudinal acceleration exceeds 3g and the rotational
speed indicates a rollover, the MCU identifies it as a
collision. The system immediately records pre-crash
and post-crash sensor data for black-box analysis. The
communication layer is responsible for establishing a
secure link between the telematics unit and the cloud.
It transmits normal telemetry data at regular intervals
and sends event-triggered alerts instantaneously in
emergency scenarios.

Electric Sensor Speed

Motor Controller _I I_ CAN High

MICROCONMTROLLER

Backlight
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Battery CAN Low

Figure 2. Work flow Diagram

Once the data reaches the cloud platform, it is stored in
a real-time IoT database such as AWS IoT Core,
Google Firebase, or Microsoft Azure. Cloud-based
services perform data aggregation, analytics, and
visualization through an interactive dashboard
interface. The dashboard displays the vehicle’s live
location on a map, speed trends, driving behavior
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scores, and maintenance warnings. Fleet managers or
individual vehicle owners can access this dashboard
via a web or mobile application. The system
architecture also supports data analytics and machine
learning models hosted on the cloud to identify driving
patterns, detect anomalies, and predict potential
mechanical faults.

To enhance safety, the methodology includes an
accident detection and alert mechanism that operates
autonomously. During a collision event, the STM32
records the sensor data, retrieves GPS coordinates, and
transmits them to the cloud along with a distress
message to registered emergency contacts. The 4G
module also sends an SMS alert with location
information for immediate assistance. In normal
operating conditions, the system continuously
monitors the driver’s behavior using IMU data,
evaluating actions such as harsh braking, sudden
acceleration, and sharp turns. Based on these
parameters, a driver performance index is computed
and stored for performance evaluation and insurance
analysis.

The telematics system also implements a predictive
maintenance model that utilizes CAN and sensor data
to detect irregularities in engine parameters,
vibrations, or temperature fluctuations. Machine
learning-based algorithms running on the cloud can
identify early signs of failure and notify the driver or
fleet operator for preventive action. This predictive
approach reduces unplanned downtime and improves
overall vehicle lifespan.

| Tyre |—| Wheal I |Mecnanica1 Parlsl

Ilndicatiunsl—{ E-Vehicle l—{Motor ControllerH Motor ]

Batlery

BMS

Figure 3. Class Diagram

Overall, the proposed methodology provides a
comprehensive telematics framework that unifies
accident detection, driver behavior assessment,
predictive maintenance, and cloud analytics into a
single ecosystem. It ensures data reliability through
redundant power management, data encryption during
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transmission, and fault-tolerant communication. The
design is modular and scalable, allowing for easy
integration of future enhancements such as 5G
connectivity, Al-based edge processing, and camera-
based driver assistance systems. The combination of
robust hardware design, efficient embedded
algorithms, and intelligent cloud integration makes the
proposed telematic system a reliable and practical
solution for improving vehicle safety and management
efficiency.

V. CONCLUSIONS

The proposed Telematic Solution for Smart Vehicle
presents a robust, intelligent, and scalable system that
integrates embedded hardware, IoT connectivity, and
cloud-based analytics to enhance vehicle safety,
performance, and monitoring efficiency. Through the
use of the STM32 microcontroller, the system achieves
efficient real- time data processing and seamless
integration of critical components such as the GPS
module, inertial measurement unit (IMU), CAN bus
interface, and 4G LTE IoT communication module.
This integration enables comprehensive monitoring of
vehicle parameters, driver behavior, and accident
events, thus bridging the gap between conventional
vehicle systems and modern smart mobility solutions.
The methodology ensures continuous data acquisition
and transmission between the vehicle and cloud,
allowing for live tracking, predictive maintenance, and
driver performance evaluation. The accident detection
algorithm, supported by IMU and GPS data,
successfully identifies crash events by analyzing
acceleration thresholds and angular changes,
triggering immediate emergency alerts with the
vehicle’s exact location. The inclusion of a CAN bus
interface further enhances functionality by enabling
real-time access to engine data, fault codes, and
performance metrics, making the system suitable for
both personal and commercial fleet applications.

The implementation of cloud computing provides
scalability and intelligence to the telematics
ecosystem. Data received through the 4G LTE
network is stored and analyzed on cloud platforms
such as AWS, Azure, or Firebase, where visualization
dashboards and analytics engines offer meaningful
insights. These analytics help vehicle owners and fleet
operators make informed decisions regarding driver
behavior, route optimization, and maintenance
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scheduling. The integration of cloud dashboards also
supports historical data storage and trend analysis,
allowing for long-term performance assessment and
optimization.

The system’s power management design,
incorporating voltage regulation and backup battery
support, ensures uninterrupted operation during
vehicle power failures or crash scenarios.
Additionally, the use of secure communication
protocols (MQTT/HTTPS with TLS encryption)
guarantees data integrity and privacy, which are
crucial in modern vehicular IoT systems.Overall, this
telematic solution successfully demonstrates how the
convergence of embedded electronics, IoT
connectivity, and data analytics can create an
intelligent vehicular ecosystem. The proposed design
not only enhances driver and passenger safety but also
promotes  predictive and preventive vehicle
management, contributing to a safer and more efficient
transportation network.

Future developments of this system could focus on 5G
integration, edge Al processing, and advanced sensor
fusion for higher accuracy and lower latency.
Additionally, incorporating machine learning models
for driver fatigue detection, blockchain- based data
security, and vehicle-to-everything (V2X)
communication could further expand the system’s
capabilities. These enhancements will pave the way for
next-generation smart transportation system.

REFERENCES

[1T 1. Doe, “loT-Based Smart Vehicle Telematics,”
IEEE Transactions on Intelligent
Transportation Systems, vol. 22, no. 3, pp.
1234-1245, 2022.

[2] A. Smith and B. Lee, “Real-Time Vehicle
Monitoring Using GPS and Cloud
Integration,”International Journal of
Telematics,vol. 18, no. 2, pp. 89-97, 2021.

[3] K. Sharma, Telematics and  Smart
Transportation Systems, Springer, 2020

[4] S. Rajeshwari, R. K. Patil, and P. More,
“Vehicle Tracking and Accident Detection
System Using GPS and GSM,” International
Journal of Engineering Trends and Technology
(IJETT), vol. 45, no. 2, pp. 72-75,2017.

[5] S. S. Kamble and R. A. Patil, “IoT-Based Smart
Vehicle Monitoring System,” International

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2321



© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002

Research Journal of Engineering and
Technology (IRJET), vol. 6, no. 5, pp. 3542—
3546, 2019.

[6] A. Mukherjee and S. Ghosh, “CAN-Based
Intelligent Vehicle Monitoring and Control
System,” IEEE International Conference on
Advanced Communication Control and
Computing Technologies (ICACCCT), pp. 1-
5,2018.

[77  A. S. Ahmad, M. Khan, and L. Zhang,
“Telematics in Automotive Industry: Trends,
Challenges,and

Opportunities,”IEEE Access,
vol.9,pp.128504— 128519, 2021.

[8] R. Verma, P. Gupta, and M. Singh, “Smart IoT-
Based Vehicle Tracking System for Efficient
Transportation,” International Journal of
Innovative Research in Science, Engineering
and Technology (IJIRSET), vol. 9, no. 4, pp.
2100-2106, 2020.

[9] L. Chenand T. Park, “Integration of Cloud and
IoT in Automotive Telematics Systems,”
Sensors, vol. 21, no. 11, pp. 3892-3905, 2021.

[10] N. Patel and D. Sharma, “Design and
Implementation of GPS-GSM Based Vehicle
Monitoring System,” International Journal of
Advanced Research in Electrical, Electronics
and Instrumentation Engineering (IJAREEIE),
vol. 8, n0.2, pp.56-63,2011.

IJIRT 186874 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2322



