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ABSTRACT

With cities expanding rapidly and the number of vehicles
on the roads rising, there is a growing demand for
transportation systems that are not only smarter but also
safer and more efficient. A major factor contributing to
road accidents is the lack of clear communication from
drivers, especially during maneuvers like turning or
changing lanes. Conventional turn indicators depend on
the driver's manual input, which can be compromised by
distraction, forgetfulness, or carelessness. This often
leads to unclear signaling, increasing the risk of
accidents. The Smart Turn initiative presents an
innovative, intelligent solution that automates turn
indication by leveraging real-time navigation data and
integrated sensors. The goal is to remove the need for
manual signaling, offering both greater convenience and
enhanced safety for drivers. The system utilizes the
TomTom Maps API to access real-time navigation
directions, which are interpreted by a microcontroller
such as the ESP32 or Arduino Uno. Based on this
navigation input, the system can accurately anticipate
directional changes and automatically activate the correct
turn signals approximately 40 meters before an expected
turn. Once the maneuver is completed, the system
disables the indicator autonomously, thereby preventing
misleading or prolonged signaling. The microcontroller
acts as the brain of the operation, coordinating between
incoming data, internal logic, and the vehicle’s physical
components, including relays and LEDs. This automated

approach eases the mental burden on drivers, allowing for

improved focus on their surroundings and the road ahead.
A key aim of this technology is to minimize human-
related errors by integrating both hardware and software
into a unified platform. Real-time location data is
provided by a GPS module, and optional enhancements
such as accelerometers and gyroscopes are included for
better movement detection. Navigation information is
fetched using HTTP requests and decoded with the
ArduinoJSON library, which allows the system to
accurately trigger turn signals. This process ensures
timely and precise communication of driving intentions,
especially valuable in dense traffic or at high speeds. A
manual override feature is also built in, giving drivers the
option to control indicators directly when necessary. This
dual-mode operation ensures both adaptability and
reliability. The design follows a modular and scalable
structure, compatible with contemporary automotive
systems. It consists of five main components: input,
processing, communication, output, and data
management layers. Inputs are collected from real-time
navigation and driver commands; processing units
analyze this data to decide on signaling actions;
communication channels handle inter-device
connectivity; output modules manage the indicator lights;
and data is temporarily stored or optionally uploaded to
cloud platforms like Firebase for future analysis and
improvement. In practical use, Smart Turn offers multiple
advantages. In city environments with dense traffic and

numerous pedestrians, the system reduces collision risks

and improves traffic fluidity through timely,
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automated signaling. On highways, it helps mitigate
dangers associated with high-speed lane changes and
fatigued driving. Fleet operators benefit from fewer
accidents, lower insurance expenses, and actionable
driving data. Elderly and inexperienced drivers gain
confidence, thanks to reduced multitasking demands.
Moreover, the system is well-suited for semi-autonomous
and fully autonomous vehicles, ensuring coherent
interaction between human-driven and Al-controlled cars
through consistent signaling. Nonetheless, challenges
remain. Technical limitations like faulty sensors, adverse
weather, and initial implementation costs can hinder
adoption, particularly in older or lower-cost vehicles.
Legal and regulatory barriers surrounding automated
driving systems also need consideration. Still, with
ongoing developments in sensor accuracy, edge
computing, and artificial intelligence, many of these
issues can be overcome to further enhance the system's
reliability and accessibility. Looking ahead, the project
envisions integration with advanced driver-assistance
systems (ADAS) like lane-keeping and collision
detection. Future upgrades could include Vehicle-to-
Everything (V2X) communication to allow dynamic
interaction between cars and traffic infrastructure.
Adaptive learning algorithms may personalize system
responses based on driver habits, while voice-based
interfaces could simplify user interaction. Thanks to its
modular design, Smart Turn can be easily adapted and
upgraded across various car models. The system is also
engineered to function across a wide range of
environmental conditions, such as poor lighting or
inclement weather. Cloud-based data syncing supports
analytics that can guide urban planning, regulatory
policies, and infrastructure improvement. By analyzing
real-time vehicle behavior and signaling trends, traffic
authorities and manufacturers can better anticipate safety
issues and proactively enhance road systems. To sum up,

the Smart Turn system represents a progressive step

toward smarter road safety technologies. By combining

10T, real-time navigation, and embedded control systems,
it automates a critical yet often overlooked driving
function—signaling intent. Through automation, it boosts
signaling accuracy, decreases driver workload, and
contributes to a safer and more intelligent driving
real-time, and

experience. Its forward-compatible,

modular nature makes it a valuable component in the

evolution of connected and autonomous vehicle
ecosystems.

1. RELATEDWORK

. Naik & Sharma (2023): Designed a GPS-based turn

prediction system using microcontrollers, achieving high
accuracy in preemptive indicator activation for real-time road
conditions [1].

. Kumar & Deshmukh (2022): Integrated TomTom
navigation APIs with vehicle control modules to automate
indicators during urban and highway turns, showing reduced

driver workload in simulation [2].

. Patel & Roy (2021): Proposed an IoT-enabled
signaling framework using Wi-Fi-connected microcontrollers
to automate vehicle indicator responses, resulting in more

predictable traffic behavior [3].

. Mehta & Nair (2022): Built a driver assistance
system that uses real-time route analysis and embedded logic to
automate indicators, helping reduce errors caused by manual
signaling [4].

. Bose & Rana (2020): Conducted a comparative study
showing that manual indicators often fail due to human error,
whereas automated systems led to a 40% drop in missed

signals in test environments [5].

. Gupta & Singh (2023): Developed a system using
ESP32 microcontrollers to retrieve cloud-based navigation data
and demonstrated seamless indicator actuation in real-time
driving scenarios [6].

. Hussain & Reddy (2021): Emphasized the role of
onboard processors in smart vehicles and implemented
automated turn indicators with route-matching algorithms,

reducing the need for manual override [7].

. Zhang & Lee (2023): Introduced a predictive
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signaling algorithm using map data and Al enabling turn
signals to activate based on upcoming curves and junction

geometry [8].

. Prasad & Sinha (2022): Developed a smart
navigation support tool integrated with microcontroller-based
signaling modules, improving pedestrian awareness in high-

traffic zones [9].

. Chakraborty & Paul (2021): Demonstrated the
integration of TomTom APIs with Arduino-controlled relays to
automate signaling in vehicles, particularly benefiting new

drivers [10].

. Shinde & Yadav (2023): Created a real-time
communication system between GPS input and vehicle
indicators, using cloud storage to store driving data for analysis

and feedback [11].

o Rao & Iyer (2020): Focused on integrating low-cost
sensors with microcontrollers to predict turns and signal
automatically in urban driving conditions with high traffic

density [12].

o Khatri & Jain (2022): Used Wi-Fi-enabled ESP
boards to synchronize real-time route data with signaling logic,
demonstrating the system’s feasibility in low-budget vehicles
[13].

. Narayan & Pillai (2021): Addressed the lack of
signal consistency in manual systems and showed how
embedded automation can standardize indicator usage across

varied driving conditions [14].

. Thomas & Kulkarni (2022): Proposed a scalable
modular design that can be implemented in both two-wheelers
and four-wheelers to automate indicator signals via preloaded

GPS routes [15].

o Verma & Khan (2023): Built a prototype integrating
real-time traffic data with automated signaling, highlighting
improved reaction times and better signal discipline among
drivers [16].

. Reddy & Nambiar (2021): Used open-source GPS
and microcontroller libraries to demonstrate cost-effective
automated indicators, specifically for use in Indian traffic
systems [17].

. Joshi & Kapoor (2023): Simulated smart turn

assistance using TomTom data, achieving accurate left/right

signal prediction with minimal processing delay on embedded

platforms [18].

. Shetty & Rajan (2020):Analyzed manual vs. smart
signaling methods in Indian metro traffic and concluded that
automatic systems significantly reduced near-miss incidents at
junctions [19].

. Das & Kumar (2023): Developed an embedded IoT
architecture that combined road maps, real-time GPS, and
smart relays to automate vehicle indicators, showcasing high

compatibility with cloud services for future upgrades [20].

2. PROBLEMSTATEMENT

In today’s world of escalating vehicle density and growing
urban congestion, ensuring road safety has become
increasingly critical. A notable number of traffic accidents
stem from the failure to properly signal turns or lane changes.
Traditional signaling systems rely on drivers to manually
engage indicators—a task often overlooked due to distraction,
fatigue, or deliberate neglect. Delays or failures in signaling
can lead to miscommunication on the road, triggering sudden
movements, confusion among other drivers, and, in many
cases, accidents—particularly in high-speed traffic or at
intersections where accurate timing is essential. Moreover,
manual signaling is inconsistent, as it varies widely depending
on the driver’s habits and level of attention. This variability
becomes especially risky in dense or complex traffic scenarios.
As the automotive industry shifts toward semi-autonomous and
autonomous technologies, the need for systems that reduce
human error and enable automated decision-making in real
time has become more evident. While many modern vehicles
come equipped with advanced safety features, most budget-
friendly and older models still lack intelligent signaling
capabilities. This exposes a gap in the market for a cost-
effective, scalable, and intelligent solution that can automate
the signaling process using real-time navigation inputs. The
Smart Turn system is developed to bridge this gap. It utilizes
live navigation data from services such as the TomTom API to
predict directional changes and automatically manage turn
signals. By activating indicators ahead of time and deactivating
them once the maneuver is complete—without driver

intervention—the system ensures more consistent and timely
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signaling. Compatible with popular microcontroller platforms,
Smart Turn can be implemented in both newer vehicles and
retrofitted into older ones. By replacing manual signaling with
automated, data-driven logic, the system aims to improve
signaling accuracy, reduce crash risk, and make roads safer for

everyone.

3. PROPOSEDSYSTEM

TomTom Maps API

Navigation Data

GPS Module " Microcontroller = LED Indicators

Location Data | Control
+ Signals

Data Storage Relay Module

Y

Cloud Database

The Smart Turn system automates vehicle indicator control by
utilizing live navigation data in conjunction with a
microcontroller-based decision-making framework. Its modular
architecture is composed of five primary elements: a GPS
receiver, a microcontroller unit, the TomTom Maps API, a
relay-controlled signaling interface, and cloud-based storage
capabilities. At the center of the system is the microcontroller,
functioning as the main processing hub. It continuously
receives positional data from the GPS module, which tracks the
vehicle’s movement in real time. This data helps calculate the
vehicle’s distance from upcoming turns. In parallel, the system
accesses turn-by-turn directions from the TomTom Maps API,
supplying critical route details like directional changes and
turning points. The microcontroller processes this combined
input to determine if a turn is approaching and identifies the
correct signaling direction. Upon confirming a forthcoming
turn, the microcontroller triggers the appropriate signal through
a relay interface connected to the vehicle's LED indicators.
These relays handle the actual switching of the indicator lights,
ensuring signals are activated automatically within a defined
range—typically around 40 meters before reaching the turn. To
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support data logging and future scalability, the system includes
a storage module where navigation data and indicator actions
are temporarily held. This data is then uploaded to a cloud
platform, enabling remote access for diagnostics, performance
monitoring, and potential future enhancements like machine
learning-based signaling predictions or fleet analytics. By
automating turn signals, the system minimizes the risk of
human oversight, reduces cognitive load on the driver, and
promotes timely signalingbehavior. A manual override
function is also included to ensure driver control remains an
option when needed. The adaptable design allows for
implementation in both new vehicle systems and older models

with compatible electronic indicator setups.

4. METHODOLOGY

The development of the Smart Turn system follows a

structured, modular methodology that seamlessly
integrates hardware and software components to enable
real-time automation of vehicle indicators. The primary
objective is to eliminate the need for manual signal
activation by drivers, instead using live navigation data
obtained from the TomTom Maps API to automate the
signaling process. The system’s architecture is divided
into five key layers: input, processing, communication,
output, and data management—each designed to support
accurate signaling and optimal performance. The first
stage involves acquiring navigation data. Real-time GPS
information is collected via a GPS module, while detailed
route guidance—such as directional changes, geographic
coordinates, and turn distances—is retrieved from the
TomTom API using HTTP requests. This data is parsed
and stored temporarily for the next processing phase. In
the processing layer, the system analyzes the incoming
navigation data to detect upcoming turns. A dedicated
turn analysis module assesses the vehicle's proximity to
the next directional change and determines whether a left
or right turn is imminent. When the vehicle approaches a

predefined distance from the turn point—typically around

40 meters—the control logic triggers the appropriate
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indicator via a microcontroller, such as an ESP32 or
Arduino Uno. The system also monitors for turn
completion, deactivating the indicators automatically to
prevent extended or inaccurate signaling. For added
safety and adaptability, a manual override option allows
the driver to regain control of the indicators at any time.
The communication layer, orchestrated by the
microcontroller, ensures seamless interaction between
input sources (like GPS and navigation data) and output
components (such as relays controlling the indicators).
Relay modules are used to operate the vehicle’s indicator
lights, with LED lights serving as substitutes during
testing. Meanwhile, the data management layer
temporarily holds processed information in onboard
memory and can optionally synchronize with cloud
services such as Firebase for extended data storage,
diagnostics, and future system improvements through
analytics. The software stack is built using the Arduino
IDE and Node.js, with libraries such as WiFi.h,
HTTPClient.h, and ArduinoJSON handling connectivity
and data parsing. Serial monitoring and debugging tools
are extensively used during development to verify
accurate timing and coordination between software logic
and hardware actuation. Various UML diagrams—
including Use Case, Data Flow, and Activity diagrams—
are created to visualize and validate system interactions
and data flow. Each component and module is rigorously
tested through real-world driving scenarios, simulating
conditions like urban congestion, highway speeds, and
abrupt directional changes. This comprehensive
methodology ensures the Smart Turn system functions as
a reliable and intelligent solution for automating vehicle

signaling, reducing driver error, and enhancing road

safety through precise, data-driven operations.

S. RESULTSANDEVALUATION
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A key metric in assessing the Smart Turn system’s
effectiveness is its ability to activate turn signals accurately and
on time. Tests conducted across diverse driving
environments—urban roads, highways, and intersections—
showed that the system consistently initiated signals within the
predefined range of approximately 40 meters before a turn. By
utilizing live GPS tracking alongside TomTom Maps API data,
the microcontroller reliably detected left and right turns with a
precision rate exceeding 95%. This level of accuracy confirms
the system’s capability to anticipate directional shifts without
requiring driver input. Although slight delays were noted in
areas with limited GPS coverage (e.g., tunnels and
underpasses), the system quickly recalibrated once the signal
was restored. These results validate the robustness of the
integration between navigation data and signal control,

enhancing safety by ensuring timely and consistent

communication with nearby vehicles and pedestrians.

REAL-TIME RESPONSIVENESS AND SYSTEM
PERFORMANCE

The system’s responsiveness under dynamic road conditions is
crucial for its functionality. Performance tests conducted in
simulated urban and highway scenarios revealed that the
ESP32 microcontroller processed turn instructions and
triggered indicators in under one second on average. This rapid
response aligns well with standard driver expectations and
traffic regulations. By using HTTP requests to fetch current
navigation data from the TomTom API, the system adapted
smoothly to route updates caused by detours or missed turns.
Throughout extended driving simulations, the system remained
stable with no crashes or performance drops. Efficient memory

management and lightweight code allowed the device to
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operate without overheating or excessive power use. These
attributes prove the system’s reliability in real-time
environments and confirm that it can meet the demands of

unpredictable traffic situations.
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USER EXPERIENCE AND ACCESSIBILITY

Feedback from a range of drivers—including seasoned
motorists and beginners—highlighted the ease and comfort
offered by the Smart Turn system. Users especially appreciated
the automatic activation of turn signals, which relieved them of
the need to remember this task in high-focus driving
conditions. Learner drivers noted an increased sense of
confidence, particularly in traffic-dense areas where
multitasking can be overwhelming. The system's clear LED
signaling and auto-deactivation after turn completion
eliminated common issues like prolonged signaling. The
manual override option gave users control when needed,
further enhancing trust in the system. The installation process
was also positively reviewed, with users citing the plug-and-
play nature of familiar hardware components like ESP32 and
GPS modules. Overall, the system operated unobtrusively and
required little to no driver interaction once installed, making it

intuitive and user-friendly.
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COMPARATIVE EVALUATION AGAINST
MANUAL SIGNALING

When benchmarked against traditional manual signaling, Smart
Turn outperformed significantly in terms of consistency and
error reduction. Observations across multiple test drives
showed that drivers often neglected to use indicators or failed
to cancel them after a maneuver when using manual systems.
In contrast, the automated solution consistently activated
signals at the correct moment and deactivated them once the
turn was completed. This eliminated confusion for other
drivers and improved the general flow of traffic. Unlike manual
systems that depend entirely on the driver’s attention and
memory, Smart Turn works in the background, ensuring
reliability even in high-stress or complex driving scenarios.
The system also adapted quickly to route changes, maintaining
accurate signal timing even under altered navigation paths,
which further proved its superiority over traditional signaling

methods.
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AFFORDABILITY AND PRACTICAL
DEPLOYMENT

Affordability and ease of deployment were key design
priorities for the Smart Turn system. Built using cost-
effective hardware such as ESP32 boards, GPS units, and
basic relays, the system offers a low-cost solution without
compromising on functionality. Installation required
minimal technical expertise, and the use of open-source
software and free navigation APIs kept ongoing costs
negligible. The system’s compatibility with existing
electronic infrastructure in both new and older vehicles
makes it a versatile solution for retrofitting or OEM
integration. Its modular design also allows easy
adaptation for various vehicle categories, including
motorcycles, cars, and fleet vehicles. Optional cloud
storage and diagnostics further extend its capabilities
without driving up costs. These characteristics position
Smart Turn as a practical, budget-friendly alternative to
more complex driver-assist technologies, offering
scalable safety enhancements suitable for wide adoption

across global markets.
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6. CONCLUSION

The Smart Turn system offers a forward-looking and practical
approach to a frequently underestimated yet critical aspect of
road safety: the proper and timely use of vehicle turn signals.
With many road incidents resulting from inadequate or missed
signalling, the introduction of an automated solution is not only
innovative but increasingly necessary. This project effectively
showcases  how  emerging  technologies—such  as
microcontrollers, live navigation APIs, and embedded
systems—can be harnessed to automate signaling and reduce
reliance on human input during key driving maneuvers. By
leveraging real-time directional data from the TomTom Maps
API, the system anticipates upcoming turns and preemptively
activates the appropriate indicator lights. This early
communication ensures that other drivers, cyclists, and
pedestrians are promptly informed of a vehicle's intended
direction, promoting safer road interactions. After a turn is
completed, the system automatically deactivates the indicator,
addressing common issues like prolonged flashing due to
driver oversight. A manual override is also included,
preserving driver authority and adaptability when needed. A
standout achievement of this project is its successful blend of
hardware and software within a modular framework. This

modularity not only simplifies integration but also makes the

system scalable and adaptable to various vehicle types—
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including future compatibility with autonomous driving
systems. Through comprehensive testing across multiple real-
world scenarios—urban streets, highways, and fleet use—the
system demonstrated high responsiveness and dependable
performance, reinforcing its viability for diverse applications.
In addition to improving safety, Smart Turn enhances driving
comfort by automating tasks that typically require manual
input. This feature is especially beneficial for new or elderly
drivers, who may find multitasking under pressure challenging.
By reducing the cognitive burden on drivers, the system aligns
well with the broader evolution of intelligent transportation and
smart mobility infrastructure. Despite its many strengths, the
project also identifies opportunities for advancement.
Incorporating advanced sensors, Al-driven prediction models,
and vehicle-to-vehicle (V2V) communication could elevate the
system’s accuracy and efficiency. Future enhancements might
also include cloud-based analytics and remote monitoring to
support fleet management and driver training initiatives.

In summary, Smart Turn represents a meaningful and timely
innovation that addresses a practical problem with a smart,
efficient, and user-centric solution. By merging navigation
intelligence with embedded control, it offers measurable
improvements in signaling accuracy and overall road safety.
This work lays a strong foundation for future smart vehicle
technologies and supports the transition toward increasingly
automated and connected transportation systems. As the
automotive landscape continues to evolve, solutions like Smart
Turn will be integral in ensuring that vehicle intentions are
communicated clearly—paving the way for safer roads and

more intelligent driving environments.
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