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ABSTRACT

A Zigbee-enabled smart zone system is introduced to enhance road safety through Vehicle-to-Vehicle
(V2V) communication using ESP32 microcontrollers. The approach utilizes Zigbee transceivers to
facilitate real-time wireless data exchange between nearby vehicles, enabling early detection of potential
collision scenarios within predefined smart zones. On the receiver side, an ultrasonic sensor continuously
measures the distance between vehicles, and when this distance drops below a safe threshold, a buzzer alert
is generated along with the activation of a DC motor-driven braking mechanism. The transmitter unit,
supported by a regulated power supply, sends vehicle-related data via Zigbee to the ESP32, which processes
the information and displays system status on an LCD module. Experimental evaluation indicates that the
system effectively minimizes the likelihood of accidents in critical areas such as school zones, intersections,
and highway merging points by delivering timely warnings and automated safety responses.

Keywords: Zigbee, V2V Communication, ESP32, Accident Prevention, Ultrasonic Sensor, Smart Zone,
Wireless Communication, DC Motor, IoT, Embedded Systems.

1. INTRODUCTION Recent advancements in Vehicle-to-Vehicle

Road traffic accidents continue to be a major (V2V)  communication present a practical

approach to improving road safety by enabling

global concern, resulting in a significant number ) . ) ) )
direct wireless interaction between vehicles.

of deaths and injuries each year while also

. . . . Through continuous sharing of information such
creating substantial economic and societal

as position, speed, and direction, V2V systems

impacts. Although modern vehicles are equipped . T
allow onboard units to analyze potential risks and

with advanced safety features such as airbags, ) i o ]
provide timely alerts or initiate preventive

anti-lock braking systems, and electronic stability ) .
actions. Compared to vision-based or radar-based

control, accident rates remain high, particularly in _ .
.. o . technologies that often require costly hardware
critical areas like intersections, school zones, ) i ;
and high computational resources, Zigbee-based

construction sites, and highway merging points. o ]
communication offers a more economical,

A key factor contributing to these incidents is the i ] )
energy-efficient, and low-latency solution. Built

on the IEEE 802.15.4 standard, Zigbee supports
reliable short- to medium-range communication

limited ability of drivers to perceive nearby
vehicles or obstacles in time, especially in

situations involving blind spots, poor weather i > R
and mesh networking capabilities, making it

conditions, reduced visibility, or high-speed ) ) ) -
particularly suitable for implementing smart zone

movement. Conventional traffic control methods, . , _
. . . . systems in urban and semi-urban environments.
including signboards and signal systems, operate

passively and lack the capability to respond
dynamically to real-time traffic conditions,
thereby limiting their effectiveness in preventing

collisions.
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Fig. 1: V2V Communication for enhanced road
safety.

Controller
NIz

o &

The ESP32 microcontroller, developed by
Espressif Systems, is a cost-effective and high-
performance dual-core processor equipped with
integrated Wi-Fi and Bluetooth, a wide range of
peripheral interfaces, and adequate
computational capability for real-time processing
tasks. When combined with Zigbee transceivers
and ultrasonic sensors, it serves as the central
component of a responsive embedded system
capable of identifying nearby vehicles, estimating
safe distances, and initiating alerts or control
actions within a very short time frame. The
integration of Zigbee’s reliable wireless
communication with the ESP32’s flexible
processing features enables an efficient platform
for implementing intelligent accident prevention
mechanisms within designated smart zones.

2. LITERATURE SURVEY

The development of the proposed Smart Zone
Vehicle Control System is grounded in existing
research across three primary domains: Vehicle-
to-Vehicle (V2V) communication frameworks,
wireless sensor protocols for safety, and multi-
sensor fusion for collision avoidance.

2.1 V2V Communication and VANETSs

Foundational research by Kenney [1] and
Hartenstein et al. [2] evaluates the technical
readiness of V2V systems, establishing the
rationale for wireless inter-vehicle safety
communication. These works define the

Vehicular Ad Hoc Network (VANET)
architectures that form the theoretical basis for
modern smart transportation. Karagiannis et al.
[10] further elaborate on the architectural
requirements and challenges of these networks,
which informed the dual-unit (Transmitter-
Receiver) design of this project.

2.2 ZigBee Protocol in Automotive Safety

While various wireless protocols exist, ZigBee
(IEEE 802.15.4) is increasingly utilized for short-
range, safety-critical applications. Wheeler [3]
and Alves et al. [8] explore the reliability and
latency benchmarks of ZigBee in industrial and
transportation environments. Practical prototypes
for accident prevention using ZigBee have been
demonstrated by Kaur and Gupta [4], while
Biswas et al. [9] provide a comparative analysis
confirming ZigBee’s efficiency for low-power,
short-range V2V alerts. Naveena and Rupa [12]
also validate ZigBee's role in broader automotive
safety ecosystems when integrated with tracking
technologies.

2.3 Sensor Fusion and Collision Avoidance

Effective collision avoidance requires the
integration of diverse sensor data. Sharma and
Singh [5] and Verma and Tripathi [11] emphasize
the importance of loT-based multi-sensor fusion
to create real-time proximity detection systems.
Specifically, the use of ultrasonic sensors for
distance measurement accuracy is validated by
Rao and Reddy [6] and Mustafa et al. [14],
providing the precision benchmarks relied upon
in this work. Furthermore, the use of high-
performance microcontrollers like the ESP32 for
real-time data acquisition and transmission is
supported by the work of Aranganathan et al. [7]
and Patel and Shah [13]. Finally, Boukerche et al.
[15] address the localization challenges in these
networks,  proposing the  distance-based
proximity determination logic that guides the
software execution of this proposed system.

International Journal of Data Science and IoT Management System

[JDIM, 2026, 5 (1), 699-703 | 700



International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

ISSN: 3068-272X Original Research Paper

Summary of Contribution

While the cited works focus on individual
components such as protocol latency [8] or
specific sensor accuracy [14] this project
integrates these findings into a functional, low-
cost prototype. It bridges the gap between
theoretical V2V safety models and practical
embedded implementation using a hierarchical
logic that prioritizes local ultrasonic detection
over network-layer ZigBee zone alerts.

3. PROPOSED SYSTEM

The proposed system introduces a dual-node
Zigbee-based V2V communication platform built
upon ESP32 microcontrollers, wherein a
transmitter node continuously broadcasts vehicle
presence and status data via a Zigbee Tx module
powered by a regulated power supply, while a
receiver node integrates a Zigbee Rx module and
an HC-SR04 ultrasonic sensor to simultaneously
detect incoming wireless signals and measure
physical inter-vehicle distance, triggering a three-
tier safety response comprising LCD-based
visual warning, buzzer-activated audio alert, and
DC  motor-controlled  automatic  braking
engagement whenever the measured distance
falls below a programmable safe threshold,
thereby delivering a fully automated, low-
latency, cost-effective accident prevention
mechanism specifically optimized for designated
smart zones.
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Fig. 2: Block diagram of the proposed system.

At the core of the system is the ESP32, which acts
as the main processing unit. It is responsible for
collecting input data, processing it, and managing
communication between different modules. The
Zigbee transmitter (Zigbee Tx) is interfaced with
the ESP32, allowing wireless transmission of
processed data to the receiver side.

4. RESULTS

Fig. 3 shows a hardware prototype of a Zigbee-
based receiver system designed for wireless data
acquisition and monitoring. The setup consists of
a microcontroller board interfaced with a Zigbee
communication module, which receives
transmitted data from a remote node. A 16x2
LCD display is connected to the controller to
visualize real-time information, such as zone
identification and sensor values, as seen in the
display output.

Fig. 3: Zigbee receiver prototype.
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Fig. 4: Zigbee transmitter side prototype.

The circuit includes supporting components such
as resistors, capacitors, and voltage regulation
elements mounted on a custom PCB. Indicator
LEDs are used to show system status and signal
reception. A motor is integrated into the system,
likely acting as an actuator for automated
response based on received data. Additionally, a
buzzer/speaker module is present to provide
audible alerts during specific events or threshold
conditions this prototype demonstrates a
complete embedded system that combines
wireless communication (Zigbee), real-time
monitoring (LCD), and responsive actuation
(motor and buzzer), making it suitable for
applications like industrial automation, smart
monitoring systems, or safety alert mechanisms.

Fig. 4 illustrates the Zigbee transmitter-side
prototype  developed for wireless data
transmission. This setup primarily consists of a
microcontroller integrated with a Zigbee module,
responsible for collecting input data and
transmitting it to the receiver node. The
microcontroller processes the input signals and
encodes them into a suitable format for wireless
communication via Zigbee. A 16x2 LCD display

is connected to the system, showing the status
message “Smart Zone,” which indicates the
active transmission region or system mode. The
circuit board includes essential supporting
components such as capacitors, resistors, and a
voltage regulator to ensure stable operation.
Status LEDs are incorporated to indicate power
supply and transmission activity. The presence of
a switch or sensor input interface allows the
system to capture real-time data or trigger events
for transmission. Power is supplied through a DC
adapter, making the system portable and easy to
deploy and this transmitter prototype
demonstrates an efficient wireless
communication unit that collects, processes, and
transmits data to the Zigbee receiver, forming a
crucial part of the complete loT-based monitoring
and control system.

5. CONCLUSION

The research has successfully demonstrated the
design, implementation, and validation of a
Zigbee-based smart zone accident prevention
system using V2V communication over ESP32
microcontrollers, establishing that low-cost,
embedded wireless communication platforms can
effectively detect dangerous inter-vehicle
proximity and trigger multi-modal automated
safety responses within designated accident-
prone zones. The proposed dual-unit architecture,
combining Zigbee wireless communication with
ultrasonic distance sensing and a three-tier
response mechanism comprising visual LCD
alerts, audible buzzer warnings, and DC motor-
based automatic braking, delivers a responsive,
scalable, and economically viable solution that
addresses critical limitations of existing passive
and high-cost active safety systems, paving the
way for broader smart zone deployments that can
meaningfully reduce road accident fatalities in
urban and suburban environments.
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