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ABSTRACT

Fatigue, overheating and a lack of monitoring in truck drivers leads to truck accidents and cargo
|losses around the world. Conventional vehicle systems are not equipped with in real-time
physiological and environmental monitoring. In this paper, we have developed TRANS IQ
which is an [oT-based embedded system for driver's fatigue detection, real-time monitoring of
the cabin temperature and live vehicle location tracking. The system has a wink detection sensor,
temperature sensor and GPS module connected to an ESP32 microcontroller. Based on hybrid
embedded-IoT architecture, the system analyses in real-time and alerts locally with a buzzer and
LCD while sends data to the cloud-dashboard for fleet level monitoring. Experimental
verification on a prototype truck model shows the effectiveness of the system in enhancing
safety, response time and reliability of monitoring. The results show 96 % detection accuracy of
drowsiness events, and a latency below 2 s for critical alerts. The SmartHalo design significantly
[lowers the cost, scalability and deployability implementation of safety in transportation with
smart sensing and [oT integration.

Keywords: [oT, Embedded Systems, Truck Safety, Driver Fatigue Detection, GPS Tracking
System, Temperature Monitoring Sensor, Intelligent Transport System

1. INTRODUCTION

Moving things and people from place to place by road is
very important for the world's economy. However, more
road traffic, along with the greater need for shipping and
long-distance trucking, has greatly increased the number
of road accidents everywhere. The World Health
Organization (WHO) says that about 1.35 million people
die each year because of road accidents, and tiredness
causes about 25-30% of all accidents involving big
vehicles. Being tired makes drivers slower to react, less
alert, and worse at making decisions, so it is a main reason
for deadly accidents among truck drivers.Most current
ways to keep transportation safe depend on people
watching or on separate technologies that often cost too
much and don't work well for smaller transportation
companies. Right now, we need a smart, cheap, and real-
time way to watch and take care of important safety things
like how tired the driver is, where the vehicle is, and the
conditions inside the vehicle. The use of Internet of
Things (IoT) and computer systems has made it possible
to create smart watching systems that can make road
transportation safer and better overall.

A. Need for an Intelligent Monitoring System Truck
drivers often drive for long stretches without much rest,
which makes them mentally tired and exhausted. Being
tired can cause very brief moments of sleep, where the
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driver is not conscious for a few seconds, but that is long
enough to cause a serious accident. Also, very different
temperatures inside the vehicle can affect how well the
driver can focus and how comfortable they are. So, it is
very important to watch both how the driver is doing
physically and what the conditions are inside the
vehicle.Modern vehicles have advanced systems like
Driver Assistance Systems (DAS) and Telematics, but
these options often cost too much to be used widely in
countries that are still developing. To deal with these
problems, the TRANS IQ system that we are suggesting
is a cheap, reliable option that uses the Internet of Things
and simple sensors connected to a NodeMCU (ESP8266)
computer chip. This design makes sure there is constant
real-time watching, remote access through online
applications, and alerts that happen right away.

B. Overview of the TRANS IQ System The TRANS 1Q
system that we are suggesting (Intelligent Transportation
Monitoring System for Safe and Efficient Driving) is a
smart system based on the Internet of Things that is made
to watch three important things about vehicle and driver
safety:1. Driver Fatigue Detection: The system uses a
device that senses eye blinks to keep track of how the
driver's eyes are moving. If the eyes stay closed for longer
than a certain amount of time, the system thinks the driver
is getting sleepy and sets off a buzzer to wake up the
driver. 2. Temperature Monitoring: The LM35
temperature sensor constantly measures how hot or cold
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it is inside the vehicle. If the temperature goes above a set
point (like 40°C), the system sends a warning through the
Blynk IoT app, making sure the driver is comfortable and
doesn't get too stressed from the heat.3. GPS Tracking:
The GPS device that is part of the system provides real-
time tracking of where the vehicle is. This information is
sent to the Blynk Cloud and shown on a phone app so that
transportation managers or owners can watch from a
distance.

The main part of the setup is the NodeMCU (ESP8266)
chip, which handles processing and talking to other parts.
It hooks up all the sensors and pieces, deals with their
info, and sends that info over the air using built-in Wi-Fi.
The Blynk IoT setup is like a screen, showing live info,
warnings, and alerts on an easy-to-use phone app.

C. How IoT Helps Keep Transportation SafeThe Internet
of Things (IoT) has greatly changed how transportation
works by bringing in the idea of vehicles that are smart
and always connected. Using [oT, info from many sensors
can be sent to the internet right away, looked at, and used
to start actions that fix or stop problems. When it comes
to keeping drivers safe, IoT helps create constant
connections between the vehicle and those watching over
it, making sure help comes quickly in emergencies. In
TRANS IQ, the IoT design connects the sensors in the
vehicle, the NodeMCU controller, and the online
dashboard to make a smart way to watch what is
happening. When dangerous driving is noticed—Ilike if
the driver is sleepy or the temperature is not normal—the
system makes a local warning sound and also sends a
warning message through the Blynk phone app. This two-
part warning system helps keep both the driver and the
vehicle safe, even when they are far away from
everything.

D. Why This Was Done and What It Hopes to AchieveThe
big reason for doing this work is the rising number of
road accidents caused by tired drivers and not enough
watchfulness over them, especially in big trucks. Even
with better technology, many truck drivers still drive for
very long hours in very tough weather. There is a real
need for a system that can watch, find, and respond to
possible tiredness or health problems before accidents
happen.

The main goals of the TRANS IQ project are:To create a
system that watches for tired drivers in real-time using a
sensor that easily detects eye blinks.To put in place a
temperature sensor (LM35) to make sure the inside of the
truck is comfortable.To add a GPS part to keep track of
the vehicle and watch the route it is taking.To offer
wireless communication and online connection using
NodeMCU (ESP8266) and the Blynk IoT platform.To
create a working model that is effective, cheap, and good
for use in commercial transportation.

E. What Makes This System GoodThe TRANS IQ system
is better than older ways of watching vehicles in several
ways:1. Cost-Effective: It uses cheap parts like LM35,
GPS, and IR blink sensors, making it good for use when
there is not much money.2. Real-Time Monitoring: It
quickly finds problems and makes alerts using an IoT
system connected to the internet.3. Compact Design:
Connecting all sensors to one NodeMCU board makes

the setup less complicated.4. Wireless Data Access: It
gets rid of the need for wired screens by showing live
updates on phones through the Blynk app.5. Energy
Efficient: It uses little power and does not need to send
much data, which is great for vehicles.6. Highly Scalable:
It can be made better with more parts like gas sensors,
heart rate monitors, or accident detection systems in later
versions.

To put it simply, TRANS IQ is a next-level group of
driver help tools that use the internet of things, joining
up-to-the-minute checks, data study, and internet links to
make travel safer. This setup makes sure truck drivers are
always awake, weather and road conditions are always
safe, and where vehicles are is always known. Instead of
old setups that watched only one safety thing (like
tiredness or GPS), this joined-up way gives a full safety
watch plan.As we focus more on clever delivery plans
and vehicles that talk to each other, these internet-linked
setups should be a big part of what shapes smart travel
later on. The parts of this writing that come next talk
about similar study projects, how the setup is made, how
it is planned to work, and test results that show how well
the TRANS IQ model works

2. RELATED WORK

The development of intelligent transportation systems
(ITS) and IoT-based driver assistance technologies has
evolved quickly over the past decade. Many researchers
have worked on improving driver safety, vehicle
monitoring, and preventing road accidents using sensor-
based and vision-based methods. This section reviews
existing studies in related areas such as fatigue detection,
temperature and environmental monitoring, GPS tracking,
and IoT integration, followed by a discussion of research
gaps that led to the design of the proposed TRANS IQ
system.

A. Driver Fatigue Detection Technologies Driver fatigue
detection is essential for road safety. Early research
mainly focused on analyzing biomedical signals to assess
drivers' physiological states. For example, S. Gupta et al.
introduced an EEG (Electroencephalogram)-based fatigue
detection system that identifies drowsiness by examining
brainwave patterns. Similarly, K. Lee and M. Yoon
created a hybrid EEG and ECG-based system that
achieved high accuracy but required multiple sensors on
the driver’s body, making it impractical for daily use. To
simplify the system, several researchers looked into
computer vision for drowsiness detection. M. A. Khan et
al. proposed a real-time vision-based system that tracked
facial landmarks to observe eyelid closure and yawning.
However, the main drawbacks include dependence on
lighting, high computational demands, and the cost of
image sensors. Also, vision systems can raise privacy
concerns in commercial settings.

In contrast, low-cost infrared (IR) eye blink sensors have
gained popularity due to their simplicity and reliability.
S. S. Rao et al. designed an IR-based system that measured
eye blink duration to assess driver fatigue. Their results
showed a strong link between prolonged eye closure and
drowsiness. Similar research by R. Meena et al. indicated
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these findings, the proposed TRANS IQ system uses an
IR-based approach for fatigue detection, ensuring
accuracy, low power use, and minimal hardware needs.

In contrast, low-cost infrared (IR) eye blink sensors have
gained popularity due to their simplicity and reliability.
S.S.Rao etal. designed an IR-based system that measured
eye blink duration to assess driver fatigue. Their results
showed a strong link between prolonged eye closure and
drowsiness. Similar research by R. Meena et al. indicated
that IR sensors work well in low-light conditions, making
them ideal for long-haul truck driving at night. Based on
these findings, the proposed TRANS IQ system uses an
IR-based approach for fatigue detection, ensuring
accuracy, low power use, and minimal hardware needs.

B. ToT-Based Vehicle Safety and Monitoring Systems
Integrating IoT into automotive systems has turned
regular vehicles into smart, connected machines. IoT
allows real-time communication between onboard
sensors, cloud servers, and mobile apps, enabling
proactive monitoring and predictive safety features.R.
Sharma et al. created an loT-based safety monitoring
system using Arduino UNO, a DHTI1 temperature
sensor, and a GSM module to send SMS alerts during
accidents or overheating. While this system worked, it
lacked scalability, cloud integration, and a flexible user
interface. Later, N. Kumar et al. suggested a Wi-Fi-based
vehicle monitoring system using NodeMCU (ESP8266)
that connected to the Blynk app for real-time updates.
However, this implementation mainly focused on
environmental monitoring and did not address fatigue or
safety.

An improved version was presented by T. Ahmed et al.,
which combined IoT and cloud platforms for real-time
vehicle diagnostics and fuel monitoring. Still, these
systems largely ignored driver condition analysis, an
important factor in preventing accidents. The TRANS IQ
model addresses this gap by merging driver physiological
monitoring (fatigue detection), environmental control
(temperature sensing), and geographical awareness (GPS
tracking) into one integrated loT system.

C. GPS and Vehicle Tracking Applications GPS (Global
Positioning System) modules are commonly used for
tracking vehicle locations, managing fleets, and
preventing theft. A. Singh et al. implemented a GSM-
GPS-based tracking system that sent vehicle coordinates
via SMS. Although accurate, this system had high
operational costs due to its reliance on GSM services. S.
H. Lee et al. introduced a GPS-GPRS vehicle tracking
setup connected to a central server, offering efficient
route monitoring but requiring reliable cellular networks.

The rise of Wi-Fi-enabled microcontrollers, especially
NodeMCU and ESP32, changed vehicle tracking by
allowing direct cloud integration without SIM modules.
P. Jain et al. demonstrated a Wi-Fi-based GPS tracking
system that provided real-time location updates to the
Blynk cloud, enabling users to see routes on their
smartphones. The TRANS IQ system adopts a similar
method, effortlessly sending location data to the Blynk
platform, where fleet managers can track vehicle
movement on a live map interface. This removes

dependence on GSM and cuts maintenance costs while
providing instant alerts in emergencies.

D. Environmental and Temperature Monitoring Systems
Driver performance and health are greatly impacted by
environmental factors like cabin temperature and air
quality. Long exposure to heat can cause dehydration and
fatigue, hindering reaction time and alertness. A. R.
Jadhav et al. developed a temperature-controlled vehicle
ventilation system wusing the LM35 sensor and
microcontroller-based fan control. However, their design
only provided local feedback without remote alert
capabilities. To enhance safety, H. Patel et al. combined
IoT with environmental sensing by using a DHT11 sensor
and the Blynk app to show temperature and humidity data
on smartphones. Their study confirmed the effectiveness
of IoT in providing remote visibility of in-vehicle
conditions. The TRANS IQ model builds on this idea by
continuously monitoring through LM35, automatically
alerting based on thresholds, and transmitting real-time
data to the Blynk cloud, ensuring both driver comfort and
safety compliance.

D. Environmental and Temperature Monitoring Systems
Driver performance and health are greatly impacted by
environmental factors like cabin temperature and air
quality. Long exposure to heat can cause dehydration and
fatigue, hindering reaction time and alertness. A. R.
Jadhav et al. developed a temperature-controlled vehicle
ventilation system wusing the LM35 sensor and
microcontroller-based fan control. However, their design
only provided local feedback without remote alert
capabilities.

To enhance safety, H. Patel et al. combined [oT with
environmental sensing by using a DHT11 sensor and the
Blynk app to show temperature and humidity data on
smartphones. Their study confirmed the effectiveness of
IoT in providing remote visibility of in-vehicle conditions.
The TRANS IQ model builds on this idea by continuously
monitoring through LM35, automatically alerting based
on thresholds, and transmitting real-time data to the Blynk
cloud, ensuring both driver comfort and safety
compliance.

F. Identified Research Gaps From the literature review,
several research challenges remain: Limited multi-
parameter integration: Most systems focus on one safety
parameter instead of a unified approach. Dependence on
GSM communication: Existing designs often rely on
costly GSM networks, raising power and operational
costs. Lack of real-time remote monitoring: Many setups
use local displays or offline alerts, slowing
responsiveness.

Complexity and cost of vision-based systems: Camera-
dependent models require high computational power and
struggle in poor lighting. Absence of IoT-cloud
connectivity: several prototypes do not utilize IoT
platforms for real-time monitoring, alerts, and data
analysis. The TRANS IQ system addresses these gaps by
combining a Wi-Fi-enabled NodeMCU, IR blink
detection, LM35 temperature sensing, and GPS tracking
into a single IoT ecosystem. The system’s low power
requirement, cloud integration via Blynk, and ease of
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deployment make it an efficient and scalable solution for
real-world transportation safety applications.

G. Summary of Findings From the reviewed literature,
it's clear that while various solutions exist for individual
safety issues, there is still a need for comprehensive, cost-
effective, and cloud-integrated monitoring systems for
heavy vehicles. The TRANS IQ project builds on previous
research by merging these separate safety features into a
single [oT solution that not only detects risks but also
communicates them in real-time. Its combination of
simple hardware, cloud capabilities, and multi-sensor
integration offers a new direction for future research in
intelligent transportation systems.

3. PROPOSED METHODOLOGY

The proposed methodology aims to design an intelligent
transportation monitoring framework, TRANS IQ, that
ensures safe and efficient driving through real-time data
collection, smart analysis, and dynamic alert generation.
The focus is on human safety, vehicle health, and
situational awareness by using low-cost sensors along
with an embedded microcontroller and communication
unit. The system architecture follows a layered design
that allows for modular integration, efficient data
processing, and adaptive responses to different driving
conditions.

The design starts with the sensing layer, which serves as
the main data collection interface between the physical
environment and the processing unit. The system uses
three key sensing modules: an Eye Blink Sensor, a
Temperature Sensor, and a GPS module with antenna
support. The Eye Blink Sensor detects driver drowsiness
by constantly monitoring eyelid movements through
infrared reflection. If the driver’s eyes remain closed for
longer than a set time threshold, typically around 3 to 5
seconds, it signals fatigue and sends a digital alert to the
controller. The Temperature Sensor, like the LM35 or
DHT11, measures the ambient or engine temperature and
outputs an analog voltage related to heat intensity. The
GPS module communicates with satellites in the L1
frequency band to obtain real-time latitude and longitude
coordinates, allowing for tracking vehicle speed, route
deviations, and emergency locations.

The sensor outputs are sent to the microcontroller in the
data acquisition layer. The Arduino Uno, which is based
on the ATmega328P microcontroller, is selected for its
simplicity, low power use, and reliability in real-time
embedded applications. The controller receives analog
and digital signals through its I/O ports, which are set up
during the system installation. The Eye Blink Sensor
connects to a digital input pin, the Temperature Sensor to
an analog pin (A0), and the GPS module through a serial
connection (TX/RX pins). The firmware runs a
continuous monitoring loop programmed with the
Arduino IDE. The main control algorithm processes
sensor data, filters out noise, and checks conditions
against safety thresholds. This helps ensure that minor
fluctuations do not cause false alarms.

At the processing layer, the system performs multi-
parameter data fusion and smart decision-making. Each
sensor value is normalized and interpreted to create

meaningful behavioral indicators. If the eye blink duration
goes over the critical limit while the GPS shows stable
vehicle movement, the system strongly suggests driver
fatigue. Likewise, if the temperature sensor shows values
above the defined safety limit—such as over 40°C in the
cabin or over 80°C in engine areas—an overheating alert
is triggered. By correlating sensor streams, the system
reduces false positives and increases detection accuracy.
This reasoning process acts like a lightweight rule-based
expert system tailored for embedded platforms.

Once a potential hazard is found, the alert management
layer activates. The controller triggers a buzzer or
vibration motor to warn the driver immediately. At the
same time, an alert message appears on an LCD interface,
indicating the detected condition—Ilike “Driver Drowsy!
Take Rest” or “High Temperature! Check Engine.” The
GPS location at the time of the alert is recorded and can
be sent wirelessly to an external device or central
monitoring server if connected. This feature ensures that
in critical events, such as loss of consciousness or
overheating while in motion, the vehicle’s status and
location can be quickly communicated for assistance.

The communication layer manages data exchange and
system interfacing. Depending on the implementation
needs, the architecture supports adding GSM, Wi-Fi, or
Bluetooth modules for sending data to cloud servers or
nearby monitoring units. This allows for remote tracking
and long-term data logging, which can be later analyzed
to evaluate driver patterns and vehicle performance. For
example, detecting repeated drowsiness on specific routes
may point to high-risk driving conditions, while frequent
high-temperature  alerts might signal underlying
mechanical problems. Therefore, the system not only
provides real-time intervention but also supports
predictive diagnostics for preventive maintenance.

A block diagram of the proposed system architecture is
shown in Fig. 1. It illustrates the functional flow among
the sensors, controller, processing logic, and alert
mechanisms. The Eye Blink Sensor, Temperature Sensor,
and GPS module function as input nodes connected to the
Arduino microcontroller. The processed output activates
the buzzer, display, and communication modules. This
modular setup allows independent testing of each
subsystem, easy calibration, and straightforward
scalability for future improvements like obstacle
detection, alcohol sensing, or IoT-based remote control
integration.

To ensure reliability, the methodology includes hardware
and software-level optimizations. Hardware calibration
involves setting sensor sensitivity thresholds using
resistor networks and reference voltages, while software
calibration uses moving average filtering and hysteresis
logic to prevent oscillations near threshold limits.
Additionally, the firmware design features an interrupt-
driven structure to prioritize essential safety tasks,
ensuring quick alert responses even with background data
logging or GPS syncing.

The system workflow can be summarized as follows:
first, all sensors are activated and started; continuous
readings are taken in real-time; each reading is compared
to defined safety limits; if an abnormality is detected,
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alert routines are triggered; the event is logged with a
timestamp and GPS location; and finally, the system
returns to monitoring after acknowledgment. This closed-
loop process ensures continuous safety monitoring during
the vehicle’s operation.

The proposed TRANS IQ framework provides several
key benefits. It is cost-effective because it uses low-cost,
widely available components. It is flexible and allows for
real-time threshold adjustments based on different
conditions. It is also energy-efficient, using minimal
power suitable for vehicle applications. Moreover, its
modular design makes it easy to integrate with future
intelligent transport systems and IoT platforms. The
methodology also lays the groundwork for future
expansions involving cloud-based analytics, where sensor
data can be sent and analyzed using machine learning to
predict fatigue onset or identify long-term trends in
driving behavior.

In summary, the proposed methodology presents a
comprehensive approach to transportation safety by
combining physiological monitoring, environmental
sensing, and geospatial tracking into a single embedded
system. Through seamless interaction between hardware
and software components, TRANS IQ not only identifies
hazardous situations in real-time but also helps build a
data-driven understanding of driver behavior, ensuring a
safer, more efficient, and intelligent transportation
ecosystem.

4. SYSTEM IMPLEMENTATION

The implementation of the TRANS IQ system involves
integrating hardware and software components to create
a smart, real-time vehicle monitoring solution. The
system was designed to tackle major issues in long-haul
transportation, such as driver fatigue, extreme temperature
changes, and the need for continuous vehicle location
tracking. The implementation process focuses on
developing a cost-effective, reliable, and scalable
prototype for use in commercial trucks and heavy-duty
vehicles.

A. Hardware Design and Integration : The hardware
structure of the system centers around the NodeMCU
ESP8266 microcontroller, which functions as the main
processing and communication unit. This microcontroller
was selected for its built-in Wi-Fi, compact design, and
case of interfacing with various sensors. It operates at
3.3V and features a 10-bit analog-to-digital converter
(ADC), multiple general-purpose input/output (GPIO)
pins, and serial communication interfaces (UART, 12C,
and SPI). The NodeMCU connects the sensing layer to
the IoT cloud layer, gathering sensor data, making logic
decisions, and wirelessly transmitting results to the cloud.

The Eye Blink Sensor is the main component of the
fatigue detection module. It uses infrared (IR) sensing
technology and includes an IR transmitter and receiver
pair. The transmitter emits IR light toward the driver’s
eye, while the receiver detects the reflected signal. Under
normal eye-blink conditions, the reflected signal
fluctuates within a specific range. However, if the driver’s
eyes remain closed for an extended time (usually more
than 3 seconds), the reflected IR intensity changes

significantly, triggering the fatigue detection event. The
eye blink sensor outputs a digital high signal to one of the
NodeMCU’s digital input pins. The firmware
continuously monitors the sensor output, and when it
detects fatigue, it activates a buzzer and LED indicator to
alert the driver immediately.

The LM35 Temperature Sensor measures cabin
temperature. It works by providing proportional voltage
output corresponding to the sensed temperature, with a
linear response of 10 mV/°C. This sensor connects to the
NodeMCU’s analog input pin, where the onboard ADC
converts the voltage to a digital value. The recorded
temperature is then processed and transmitted to the
Blynk IoT platform for real-time display. The system
checks the measured temperature against a predefined
threshold (e.g., 40°C). If the cabin temperature goes over
this limit, the NodeMCU generates an alert signal, sounds
the buzzer, and updates the mobile interface to warn the
driver.

The GPS Module (NEO-6M) provides real-time location
data by communicating with satellites to determine the
vehicle’s latitude, longitude, and speed. It connects to the
NodeMCU through UART communication. The collected
data is parsed and shown on the Blynk mobile dashboard
in a map widget. This module improves safety by allowing
fleet managers or vehicle owners to track the vehicle's
location and movement in real time. In emergencies like
fatigue detection or temperature alerts, the GPS
coordinates are automatically logged and sent to the IoT
dashboard, enabling a quick response.

The system is powered by a 12V DC power source from
the truck battery, regulated down to 5V and 3.3V using
voltage regulators for the various components. The
sensors, microcontroller, and output devices (buzzer and
LED) are all mounted on a printed circuit board (PCB) to
ensure compactness, durability, and resistance to vibration
within vehicular environments. The entire hardware setup
is enclosed in a protective case for mounting near the
driver’s cabin.

The complete hardware setup includes:
- NodeMCU ESP8266 microcontroller
- LM35 Temperature Sensor

- Eye Blink Sensor Module

- GPS Module (NEO-6M)

- Buzzer and LED Alert System

- Wi-Fi Communication to Blynk Cloud

Each module was tested and calibrated individually
before integration. Calibration ensures accurate sensor
readings under various conditions, including changes in
ambient light for the eye sensor and temperature
fluctuations for the LM35.

B. Software Development and Algorithm Design The
software component of the system was developed using
the Arduino IDE, programmed in Embedded C/C++. The
firmware manages sensor data acquisition, decision-
making, and cloud communication. The system starts by
configuring input/output pins, Wi-Fi settings, and the
Blynk authentication token. Once initialized, the
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NodeMCU continuously reads data from the sensors in
an infinite loop.

The algorithmic workflow is structured as follows:
Initialize all sensors and establish Wi-Fi connection.
Continuously read data from the eye blink sensor, LM35,
and GPS module. If eye closure is detected for over 3
seconds, trigger the fatigue alert. If temperature exceeds
40°C, activate the temperature alert.Retrieve and parse
GPS coordinates from the GPS module.Transmit all
sensor data to the Blynk Cloud via Wi-Fi.Display real-
time data in the mobile dashboard and update alert
status.Repeat loop continuously.

The system uses the Blynk IoT library, which provides
easy integration between the NodeMCU and the mobile
app. Communication between the hardware and cloud is
based on the MQTT (Message Queuing Telemetry
Transport) protocol, a lightweight and effective
communication standard suited for [oT systems with low
bandwidth needs.

C. IoT Cloud Integration: The Blynk Cloud Platform
serves as the real-time monitoring interface for the
TRANS IQ system. It offers a user-friendly mobile
dashboard that shows live data streams. Each parameter
is visualized through widgets:

- A gauge widget displays the temperature value.

- A digital indicator shows the driver’s fatigue status
(active or sleepy).

- A map widget displays GPS coordinates and tracks
vehicle movement.

- A notification widget sends real-time alerts to the user’s
smartphone.

When the system detects driver fatigue or unusual
temperature levels, the Blynk app generates an instant
push notification, keeping the user or fleet operator
informed even if the app is running in the background.
This integration enhances road safety by allowing for
remote awareness and quick response.Additionally,
Blynk provides data logging and analytics, enabling users
to review historical data trends for temperature, fatigue
events, and route information. This information is
valuable for fleet management, as patterns can suggest
driver stress, inefficiencies, or mechanical issues.

D. Testing and Validation: The TRANS IQ prototype
underwent rigorous testing under various conditions to
ensure reliability. The eye-blink detection was tested
under different ambient light conditions and accurately
detected fatigue 95% of the time. The temperature
monitoring system was compared with a standard digital
thermometer, showing a deviation of only +0.5°C. GPS
tracking was validated using Google Maps coordinates,
achieving a location accuracy of 2.8 meters on average.

Data transmission between the NodeMCU and Blynk
cloud showed an average delay of 300 to 400
milliseconds, which is acceptable for IoT-based real-time
applications. The power consumption of the entire setup
was measured at about 480 to 520 mW during normal
operation, demonstrating the system’s suitability for
continuous vehicle use. The hardware was further tested
for vibration and noise interference within the truck

environment. The prototype remained stable and
functioned effectively, confirming its robustness. All test
results were consistent across repeated trials, validating
the reliability of both the hardware and software
implementations.

E. Overall Performance : The integrated system
successfully combines embedded sensing, wireless data
transmission, and cloud-based visualization into a single
unit. The design meets the main goal of continuous
monitoring with automatic alert mechanisms. The
combination of NodeMCU, LM35, Eye Blink Sensor, and
GPS provides thorough situational awareness regarding
the driver’s health, environment, and vehicle location.
The scalability of the TRANS IQ system allows for
additional features such as GSM modules for SMS alerts,
accelerometers for motion detection, or camera
integration for facial fatigue analysis. The modular design
also allows for use in other vehicular monitoring
applications, including school buses, ambulances, and
public transport systems.

F. Summary: The successful implementation of TRANS
IQ showcases the benefits of combining IoT and
embedded technologies for smart transport management.
The co-design of hardware and software ensures accuracy,
reliability, and ease of use, while the Blynk IoT
integration provides an effective remote monitoring
solution. The system not only improves road safety but
also offers valuable data for preventive maintenance and
driver health monitoring. With low costs and easy
scalability, the TRANS IQ model shows strong potential
for wide adoption in the logistics and transportation
industry.

Mobile Application
(Blynk Dashboard)

Blynk 10T Cloud

Wi-Fi Connectivity

Sensor NodeMCU
(ESP8266)

GPS Module
12V - 5V
Regulated Power Supply

LCD Display
(output)

Figure I : Block Diagram of System Implementation

5. RESULTS AND ANALYSIS
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Figure II. Hardware Implimentation

Truck Driver Moitoring *

message

Sleep Detected!

eye blink

1

temperature
31.372

gps latitude
10.9567785

gps longitude
77.9550932

Figure III. Blynk App

The proposed TRANS IQ: Intelligent loT-Based Truck
Driver Monitoring System underwent thorough testing to
assess its  reliability, sensing accuracy, and
communication performance. The experiments took place
under real driving conditions and simulated fatigue
scenarios, using a truck cabin prototype. The main
modules examined included a driver fatigue detection
system with an eye blink sensor, temperature monitoring
with an LM35 sensor, and GPS-based location tracking
utilizing IoT connectivity through the NodeMCU
ESP8266 microcontroller.

A. Fatigue Detection Performance: The IR-based eye
blink sensor is crucial for identifying driver fatigue. Tests
were performed on drivers of various ages, both with and
without glasses, to assess sensor sensitivity in realistic
settings. The data showed that if the driver's eye remained
closed for over three seconds, the system activated both
the buzzer and a visual warning through the Blynk IoT
interface immediately.

The fatigue detection system achieved an average
9, 1 i 1 rsThe time

between eye closure and alert activation was measured at
1.2 seconds, fast enough to help prevent accidents. The
accuracy varied slightly with changing light conditions,
but the built-in IR light allowed for stable detection even
at night. Further testing under different light levels
confirmed that the sensor provided reliable readings with
little variation. Compared to camera-based systems, the
IR sensor is a cost-effective and low-power option for
commercial trucks. The successful detection of
drowsiness through blink duration measurement supports
the system's role in improving road safety for long-haul
drivers.

B. Temperature Monitoring Performance: The LM35
temperature sensor was assessed for its accuracy in
detecting cabin and engine temperatures. Results
compared with a digital thermometer showed a maximum
deviation of +0.5°C. This small margin of error highlights
the strong linearity and sensitivity of the LM35 sensor for
vehicle use. During tests, the cabin temperature was
gradually raised from 30°C to 45°C using an external heat
source. The system successfully triggered both an audible
and visual alert through the Blynk app when the
temperature exceeded 40°C. This feature ensures the
driver is promptly informed, helping to prevent
overheating that could cause discomfort or fatigue.

The output from the LM35 sensor remained consistent
across multiple trials, showing low noise and steady
readings. The NodeMCU microcontroller managed the
analog-to-digital conversion and processed data quickly,
allowing for fast transmission of values to the Blynk
cloud platform. The average time for temperature data to
show up in the app was about 1.5 seconds, confirming
near real-time monitoring. The system's capability to
detect heat changes not only ensures driver comfort but
also enhances vehicle safety. Keeping the cabin
temperature at an ideal level is important for minimizing
fatigue and maintaining focus during long trips.

C. GPS and IoT Communication Analysis: The GPS
module (NEO-6M) was evaluated for precision and
responsiveness in dynamic scenarios. While the truck was
moving, the module constantly sent latitude and longitude
data to the NodeMCU, which then transmitted it to the
Blynk IoT cloud via Wi-Fi. The system displayed an
average position accuracy of 2.5 meters. Communication
delay was a key testing aspect. The average time between
data collection and cloud display was 325 milliseconds,
indicating effective performance for real-time use. Even
with moderate signal variations, the Wi-Fi module kept
stable connections, and the Blynk dashboard reliably
showed updated location information.

The GPS integration improves the system's usefulness
for fleet tracking and driver monitoring. By providing
continuous vehicle location updates on the mobile app,
transportation managers can oversee route compliance,
stop durations, and emergencies remotely.

D. Integrated System Performance: All subsystems were
brought together on a NodeMCU ESP8266
microcontroller, which served as the processing and
communication center. The combination of sensors, IoT
connectivity, and alert systems created seamless real-time
responses. The overall power consumption of the system

Advances in Consumer Research

2244



How to cite : Mrs.M. Poongothai, M. Thenmozhi, S. Subiksha, G. Susmitha, TRANS IQ: Iot -Embedded Based Truck Monitoring
System for Driver Fatigue Detection, Temperature Analysis and GPS Tracking. Advances in Consumer Research. 2025;2(6): 2238-

2246

was recorded at 2.5 watts, significantly lower than
camera-based fatigue monitoring systems.

A detailed comparison with existing vehicle safety
monitoring systems highlighted clear benefits of the
TRANS IQ model:

Fatigue Detection Accuracy: 97.8%
Temperature Measurement Error: £0.5°C
GPS Position Accuracy: 2.5 meters

Data Transmission Delay: 325 ms
Power Consumption: 2.5 W

The test results confirm that the system successfully
achieves all design goals: accurate sensing, quick
response, and reliable IoT communication. The hardware
and software components work together to provide real-
time insights into driver safety.

E. System Discussion: The analysis highlights that the
TRANS 1Q system delivers high efficiency, cost-
effectiveness, and scalability for commercial truck
applications. The blend of IoT and embedded
technologies allows data to be monitored both locally
(through buzzers and displays) and remotely (through the
Blynk app).The eye blink detection module is crucial in
lowering accident risks, while the temperature monitoring
ensures thermal safety and driver comfort. The GPS
module adds a vital layer of tracking intelligence,
allowing transport managers to oversee the vehicle's route
and receive alerts in real-time.

The results suggest the proposed system is well-suited
for long-distance transportation, logistics fleets, and
heavy trucks, where fatigue and overheating present
serious concerns. Its modular design allows for future
upgrades like heart rate sensing, GSM alerts, or Al-based
image detection for enhanced safety analysis. The
combination of accuracy (97.8%), low delay (325 ms),
and low power consumption (2.5 W) demonstrates the
effectiveness of the TRANS IQ system as a smart and
sustainable transportation monitoring solution for the
next generation of intelligent vehicles.

6. FUTURE SCOPE

The proposed TRANS 1Q: Intelligent IoT-Based Truck
Driver Monitoring System lays a solid groundwork for
future developments in vehicle safety and fleet
management. While the current prototype effectively
detects fatigue, monitors temperature, and tracks location
in real time, several improvements can enhance its
performance, intelligence, and scalability.

Future versions of the system can include the following
upgrades:

Integration of Machine Learning Algorithms: Advanced
machine learning and artificial intelligence (AI) models
can analyze driver behavior patterns using image
processing or EEG signals. This would allow for
predictive fatigue detection, enabling the system to alert
drivers even before they show visible signs of drowsiness.

GSM/GPRS and Cloud-Based Data Analytics:
Alongside Wi-Fi IoT communication, a GSM/GPRS

module can prnvide SMS alerts in areas with limited

internet access. Additionally, cloud-based analytics can
store large amounts of driving data for trend analysis,
predictive maintenance, and accident prevention studies.

Health Monitoring Integration:
Additional biomedical sensors, such as heart rate
monitors, pulse oximeters, or ECG sensors, can track the
driver’s physiological condition. This would allow the
system to issue health alerts during critical situations, like
fatigue-related issues or high stress.

Camera-Based Detection and Lane Tracking: A camera
module, combined with computer vision algorithms,
could monitor facial expressions, head posture, and lane
deviation. This would enhance safety monitoring,
improve detection accuracy, and reduce false alarms.

Vehicle-to-Cloud and Vehicle-to-Vehicle (V2X)
Communication: In future versions, the system can
support V2X communication. This would allow data from
multiple vehicles to be shared over a secure network.
Collaborative safety would enable fleet operators to
monitor several drivers at the same time and take
proactive actions during emergencies.

Solar-Powered and Energy-Optimized Operation: For
long-distance and rural transport, the system can be
powered by renewable energy sources, like small solar
panels, ensuring it remains sustainable and independent
of vehicle power supply interruptions.

Dashboard Web Application for Fleet Management: A
centralized web dashboard could be developed for
logistics companies to track all vehicles in real time,
access historical performance reports, and analyze trends
in driver fatigue and temperature. This would provide a
data-driven approach to managing transportation.

In conclusion, the TRANS IQ system has great potential
for future growth into a fully automated, intelligent, and
sustainable transportation monitoring network. By
utilizing Al, cloud computing, and advanced sensor
integration, this concept can evolve into an effective
driver assistance and vehicle safety platform, significantly
contributing to the realization of smart, connected, and
safer roads.

7. CONCLUSION

The proposed TRANS 1Q: Intelligent Truck Driver
Monitoring System offers a reliable solution for
improving road safety in the transportation sector. By
integrating IoT-based technologies and embedded
sensing, the system continuously tracks essential driving
parameters like driver alertness, cabin temperature, and
vehicle location. Experimental evaluation clearly shows
the system’s ability to provide timely alerts, helping to
prevent accidents caused by driver fatigue or overheating.

The hardware implementation using NodeMCU
(ESP8266) serves as a compact, cost-effective, and
energy-efficient control unit that can handle multiple
sensor inputs and wireless data transmission. The IR-
based eye blink sensor is highly sensitive in detecting
fatigue by analyzing blink duration and frequency. The
LM35 temperature sensor effectively senses changes in
the environment, while the GPS module ensures accurate
location tracking even on long journeys. All data are
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displayed in real time on the Blynk IoT platform, giving
users and fleet operators a clear, intuitive interface for
remote vehicle monitoring.

The system’s real-time performance features a low
latency of 0.3 seconds and a fatigue detection accuracy of
97.8%. This shows that combining embedded systems
with IoT frameworks is feasible for safety-critical vehicle
applications. Additionally, the inclusion of cloud-based
storage allows for historical data analysis, which supports
predictive maintenance and driver behavior assessment.

From a design standpoint, the TRANS IQ model shows
that IoT and embedded technologies can be integrated
successfully without the need for complex infrastructure.
The use of open-source platforms and affordable sensors
makes it suitable for large-scale deployment in both
commercial and public transport sectors. The system’s
modular design allows for easy upgrades, such as adding
gas leak detection, heart rate sensors, or Al-based image
analysis for facial recognition and advanced fatigue
monitoring.

In summary, this project confirms the potential of IoT-
driven intelligent transportation systems for real-world
applications. By combining real-time monitoring,
automated alerts, and remote data visualization, the
TRANS IQ system provides a scalable solution for
reducing accidents, improving driver health, and boosting
the overall efficiency of logistics operations. It establishes
a solid foundation for future research and development in
smart vehicle technologies, supporting goals for
sustainable and intelligent mobility
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