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Abstract 

T-junctions on Indian roads are highly prone to vehicular collisions due to limited visibility, poor traffic 
regulation, and unpredictable driver behaviour. To address this critical issue, an intelligent and cost-
effective Advanced Driver Assistance System (ADAS) is proposed to proactively detect potential collisions 
and enhance driver awareness at T-junctions. The system utilizes a master–slave architecture comprising 
one Arduino Mega microcontroller (master) and three Arduino Uno boards (slaves). Each slave is equipped 
with ultrasonic sensors to detect approaching vehicles at junction arms, and data is transmitted wirelessly 
to the master using ZigBee modules. The master node aggregates sensor inputs and displays real-time 
alerts on three 16x2 LCD modules, installed strategically to warn oncoming drivers. Additionally, a piezo 
sensor is integrated with the master controller to detect collision impacts and capture GPS location for 
emergency response. The system leverages the ESP8266 Wi-Fi module to push accident or congestion data 
to the Adafruit IO cloud platform for remote monitoring and analysis. Experimental testing in a prototype 
environment demonstrated reliable vehicle detection, low-latency communication, and accurate event 
logging. This integrated approach offers a scalable, low-power solution that can be deployed in accident-
prone junctions to minimize risk and improve road safety through real-time, data-driven interventions. 

Keywords: Advanced Driver Assistance System, T-junction safety, Arduino Mega, Arduino Uno, ZigBee 
communication, Ultrasonic sensor, Piezo sensor, ESP8266, Adafruit IO, Real-time vehicle detection, 
Accident prevention, IoT-based traffic monitoring. 

1. Introduction 

1.1 Background 

Road safety has become a pressing concern in India due to the increasing number of traffic accidents, 
particularly at uncontrolled intersections such as T-junctions. These junctions are often found in both 
urban and rural settings and are typically characterized by poor visibility, lack of traffic lights, and 
unpredictable vehicle movement. According to Indian traffic statistics, T-junctions account for a significant 
portion of intersection-related accidents. Advanced Driver Assistance Systems (ADAS) have emerged as a 
technological solution aimed at reducing such accidents by supporting the driver's decision-making 
process. The integration of microcontrollers, wireless communication, sensors, and IoT-based monitoring 
provides a cost-effective and scalable approach for real-time traffic analysis and proactive alerting systems. 

1.2 Motivation 

The motivation behind this project stems from the alarming rate of fatalities and injuries occurring at T-
junctions in India, where traditional safety mechanisms have proven insufficient. The complexity and 
variability of traffic patterns at such intersections demand intelligent and real-time solutions. Most ADAS 
systems available in the market are expensive and not tailored for the specific road conditions in 
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developing nations. Hence, there is a need for a low-cost, locally adaptable system that enhances driver 
awareness and provides timely alerts to prevent collisions. 

1.3 Problem Statement 

Despite technological advances, Indian roads still suffer from a lack of smart infrastructure, especially at 
critical points like T-junctions. Drivers are often unaware of oncoming traffic from blind spots, leading to 
frequent side-impact and head-on collisions. There is currently no affordable and practical system 
implemented widely in such junctions that can detect vehicle movement in real-time and notify 
approaching drivers. Furthermore, there is a lack of accident event logging and remote monitoring that 
could aid emergency services or traffic authorities. 

1.4 Objectives of the Study 

• To design and implement a real-time ADAS tailored for T-junction safety using Arduino-based 
microcontrollers. 

• To establish a wireless communication network between multiple sensor nodes using ZigBee 
modules. 

• To detect the presence of vehicles using ultrasonic sensors and display warnings through LCD 
modules. 

• To identify accidents using a piezo sensor and send the location data via GPS to a cloud server using 
ESP8266. 

• To push real-time data to the Adafruit IO platform for remote monitoring and analysis by 
authorities. 

• To develop a cost-effective, scalable prototype suitable for deployment in Indian traffic 
environments. 

2. Literature Review 

2.1 Existing Driver Assistance Systems 

Advanced Driver Assistance Systems (ADAS) have been widely studied and implemented in developed 
countries to enhance driving safety and minimize human errors. These systems employ a combination of 
sensors, microcontrollers, GPS, and wireless communication to assist drivers in tasks such as collision 
avoidance, lane departure warnings, and blind-spot detection. Common ADAS implementations include 
radar-based detection, camera vision systems, and Vehicle-to-Vehicle (V2V) or Vehicle-to-Infrastructure 
(V2I) communication for traffic awareness. Various research works have demonstrated the effectiveness 
of such systems in reducing road accidents and improving traffic management. However, these 
technologies are often cost-intensive and are primarily designed for high-end vehicles and smart 
infrastructure networks. 

2.2 Limitations in Current T-Junction Safety Mechanisms 

Despite technological progress, safety at T-junctions—especially in developing countries like India—
remains a challenge. Most rural and urban T-junctions lack adequate traffic control systems such as traffic 
lights, road signs, or surveillance systems. Existing solutions mainly rely on passive safety measures like 
signboards and speed breakers, which are often ignored by drivers. Additionally, environmental factors 
such as poor lighting and road layout further reduce visibility, increasing the likelihood of collisions. 
Commercial ADAS tools are either not designed for such junctions or fail to offer real-time alerts at the 
community level due to lack of connectivity or prohibitive costs. 

2.3 Research Gap Identification 

Current research and commercial ADAS solutions do not focus specifically on T-junction safety, particularly 
in the Indian context where infrastructure limitations are significant. There is a clear gap in the 
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development of a low-cost, scalable system that utilizes embedded systems and IoT to provide real-time 
vehicle detection and driver alerting at T-junctions. Most studies do not address the need for distributed 
communication between multiple vehicle detection nodes or the integration of accident detection and data 
logging. This research aims to fill this gap by introducing a novel, Arduino-based multi-node ADAS model 
capable of detecting vehicle movement, communicating wirelessly, and pushing real-time data to a cloud 
server for monitoring and intervention. 

3. Proposed System Architecture 

3.1 System Overview 

The proposed Advanced Driver Assistance System (ADAS) is designed to enhance safety at T-junctions by 
detecting approaching vehicles in real time, alerting drivers, and reporting accidents to a remote 
monitoring platform. The architecture follows a distributed design using one master and multiple slave 
microcontrollers. Ultrasonic sensors placed at junction arms detect vehicle movement and transmit data 
via ZigBee communication to a central master controller. The master Arduino Mega processes the data, 
displays warnings on LCDs, and in case of a collision, the piezo sensor activates and triggers GPS-based 
accident location logging. The ESP8266 module sends this information to the Adafruit IO cloud platform for 
real-time monitoring. 

3.2 Master-Slave Communication Architecture 

The system operates using a master-slave architecture: 

• Slaves (Arduino Uno): Each of the three Arduino Uno boards is positioned at one arm of the T-
junction. These units are responsible for real-time vehicle detection using ultrasonic sensors and 
send detection signals via ZigBee transmitters. 

• Master (Arduino Mega): The Arduino Mega acts as the central unit. It receives data from ZigBee 
receivers, interprets incoming vehicle presence data, activates LCD alerts for oncoming traffic, 
detects accidents through a piezo sensor, and sends data to the cloud via ESP8266. 

This architecture ensures that each detection node operates independently while being centrally 
monitored for alert generation and data reporting. 

3.3 Hardware Components 

3.3.1 Arduino Mega (Master) 

 

 

 

 

 

 

The Arduino Mega serves as the core processing unit. It receives data from all ZigBee receivers, controls 
LCD displays, processes accident detection input from the piezo sensor, and communicates with the cloud 
via ESP8266. Its increased memory and I/O capabilities make it suitable for handling multiple interfaces 
simultaneously. 



UtilitasMathematica 

ISSN 0315-3681 Volume 122 (2), 2025  

1951 

3.3.2 Arduino Uno (Slave) 

 

 

 

 

 

 

Three Arduino Uno microcontrollers act as slaves, each dedicated to a single junction arm. Each Uno is 
connected to an ultrasonic sensor and a ZigBee transmitter. Upon vehicle detection, the Uno immediately 
sends a signal to the master via ZigBee. 

3.3.3 ZigBee Modules 

 

 

 

 

 

 

ZigBee modules are used for short-range, low-power, and reliable wireless communication between the 
slave Arduinos and the master controller. Each slave has a ZigBee transmitter, and the master has 
corresponding ZigBee receiver modules for receiving the data. 

3.3.4 Piezo Sensor for Accident Detection 

 

 

 

 

 

 

A piezoelectric sensor is interfaced with the Arduino Mega to detect collision impact. Upon sensing a strong 
vibration or impact, it acts as a trigger for the system to log GPS coordinates and send an alert message to 
the remote cloud platform. 
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3.3.5 Ultrasonic Sensors for Vehicle Detection 

 

 

 

 

 

 

  

Ultrasonic sensors are placed on each of the three slave units to detect vehicles approaching from 
respective arms of the T-junction. These sensors work by emitting ultrasonic pulses and measuring the 
reflection delay, thereby identifying vehicle proximity. 

3.3.6 16x2 LCD Displays 

 

 

 

 

 

 

 

 

Three 16x2 LCD displays are interfaced with the master Arduino Mega. These displays are installed at key 
positions to inform drivers about the presence of vehicles from other directions or any detected hazard, 
helping them make informed driving decisions. 

3.3.7 ESP8266 Wi-Fi Module 

 

 

 

 

 

 

 

The ESP8266 module enables the system to connect to the internet and send real-time data to the Adafruit 

IO server. It transmits accident alerts, vehicle detection logs, and system status, providing remote 

monitoring capabilities for traffic authorities or emergency response teams. 

3.4 Software and Cloud Platforms Used (Adafruit IO, Arduino IDE) 
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• Arduino IDE: The complete system is programmed using the Arduino Integrated Development 
Environment. Custom code is developed to handle sensor readings, data communication, LCD 
interfacing, and cloud connectivity. 

• Adafruit IO: This IoT cloud platform is used to collect, store, and visualize real-time data such as 
vehicle presence, accident detection, and system health. It provides a user-friendly dashboard 
accessible via web or mobile for live monitoring and alerts. 

 

4. Circuit Diagram and Block Diagram 

4.1 Block Diagram (Master-Slave Network) 

 

 

Fig 1 shows Block Diagram (Master-Slave Network) 
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The proposed ADAS system follows a master-slave configuration consisting of a centralized Arduino 
Mega (master) and three Arduino Uno boards (slaves). The overall system architecture is divided into four 
zones: 

• Zone A (Slave 1): Includes one ultrasonic sensor for vehicle detection, Arduino Uno, and a ZigBee 
transmitter. 

• Zone B (Slave 2): Includes one ultrasonic sensor, Arduino Uno, and a ZigBee transmitter. 
• Zone C (Slave 3): Includes one ultrasonic sensor, Arduino Uno, and a ZigBee transmitter. 
• Zone D (Master Node): Includes Arduino Mega, ZigBee receivers (3 units), 16x2 LCDs (3 units), a 

piezo sensor, ESP8266 Wi-Fi module, and a GPS module (optional for advanced implementation). 

Data Flow: 

1. Vehicles are detected via ultrasonic sensors in Zones A, B, and C. 
2. Detected data is sent wirelessly through ZigBee transmitters to the master node. 
3. The master node processes data and displays vehicle presence alerts on corresponding 16x2 LCD 

displays. 
4. In case of a collision detected via the piezo sensor, the system triggers an accident alert and sends 

GPS location data through the ESP8266 module to Adafruit IO. 

 

4.2 Circuit Diagrams for Each Module 

4.2.1 Slave 1 Node (Arduino Uno) Circuit Diagram 
 

 

Fig 2 shows Block Diagram (Slave 1 Node Network) 
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Fig 3 shows Block Diagram (Slave 2 Node Network) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3 shows Slave 3 Node (Arduino Uno) Circuit Diagram 
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Each slave node includes the following: 

• Ultrasonic Sensor (HC-SR04): VCC, GND, Trigger, and Echo connected to Arduino Uno digital 
pins. 

• ZigBee Transmitter Module (XBee): TX/RX lines connected via voltage divider or XBee shield to 
Uno’s RX/TX pins. 

• Powered by a 5V regulated adapter. 

4.2.2 Master Node (Arduino Mega) Circuit Diagram 

The master circuit integrates all peripherals: 

• ZigBee Receivers (3x): Connected to Mega’s Serial1, Serial2, Serial3 ports (to handle three 
communication lines). 

• 16x2 LCDs (3x): Connected using individual sets of RS, EN, D4–D7 lines to separate digital pins of 
the Mega. 

• Piezo Sensor: Connected to analog/digital input pin with a voltage divider to measure vibration 
amplitude. 

• ESP8266 Module: Connected to Mega via SoftwareSerial (TX/RX) at 3.3V logic level, with a voltage 
regulator if needed. 

• Power Supply: External 9V–12V adapter powering both the Mega and other modules with proper 
voltage regulation. 

5. Working Methodology 

The working of the proposed Advanced Driver Assistance System is based on real-time 
sensing, wireless communication, and cloud-based data transmission. The system is built 
with a modular design for effective detection and response at T-junctions. 

5.1 Ultrasonic-Based Vehicle Detection at T-Junction 

Each arm of the T-junction is equipped with an ultrasonic sensor interfaced with an Arduino Uno (slave). 
The ultrasonic sensor continuously emits ultrasonic waves and listens for echoes. When a vehicle is present 
within a certain threshold distance, the echo time reduces, allowing the microcontroller to detect its 
presence. This detection triggers a signal which is then sent wirelessly to the master unit. The use of 
ultrasonic sensors ensures non-contact, reliable, and fast detection of moving or stationary vehicles. 

5.2 ZigBee Wireless Communication Protocol 

The detected data from each Arduino Uno is transmitted to the Arduino Mega using ZigBee modules 
(XBee). Each Uno acts as a transmitter, and the Mega acts as the receiver. ZigBee is chosen for its low 
power consumption, mesh networking capability, and interference-free communication. Each ZigBee 
transmitter is configured to send data over a distinct channel to prevent collision and ensure smooth 
communication. The master node is capable of receiving inputs from three independent ZigBee receivers, 
thus enabling parallel processing of signals from three different junction points. 

5.3 Piezo Sensor Integration for Crash Detection 

A piezoelectric sensor is attached to the Arduino Mega to detect vibrations or impacts caused by accidents 
at the junction. When an impact above a predefined threshold is sensed, the sensor generates an analog 
voltage signal. The Arduino interprets this as a crash event. Upon detection, the system triggers two 
simultaneous operations: 

• Sends the GPS location of the incident (if GPS is connected) 
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• Sends an emergency alert message to the Adafruit IO server using the ESP8266 module for 
remote monitoring. 

This integration ensures rapid detection and response to potential collisions. 

5.4 Data Visualization using LCD Displays 

The Arduino Mega also interfaces with three 16x2 LCD displays, each mounted at a visible location on 
the T-junction. Based on the data received from the slaves, the Mega displays messages such as “Vehicle 
Detected on Left/Right/Front” to warn approaching drivers of unseen or incoming traffic from other 
directions. These visual alerts are crucial for improving driver awareness and reducing decision-making 
delays in complex traffic scenarios. 

5.5 Real-Time IoT Communication via ESP8266 and Adafruit IO 

The master Arduino Mega uses the ESP8266 Wi-Fi module to establish an internet connection and send 
real-time data to the Adafruit IO cloud platform. Data such as: 

• Vehicle presence status 
• Accident detection logs 
• System health or alerts ..are sent at regular intervals or upon event triggers. The data can be 

visualized on the Adafruit IO dashboard, which can be accessed by traffic authorities or emergency 
response teams through mobile or desktop devices. This enables remote supervision and long-
term data analysis for traffic pattern insights and safety planning. 

6. Implementation and Hardware Setup 

This section details the implementation of the system on hardware, including the sensor network, 
communication infrastructure, and system integration through testing. 

6.1 Experimental Setup 

The system was implemented using a prototype test model of a T-junction. The hardware components 
were organized as follows: 

• Three Arduino Uno boards (slave nodes) were positioned at each arm of the junction. Each was 
connected to an ultrasonic sensor and a ZigBee transmitter module to detect and send vehicle 
presence data. 

• A central Arduino Mega board (master node) was placed at the main processing hub, connected 
to three ZigBee receivers, three 16x2 LCD displays, a piezo sensor, and an ESP8266 Wi-Fi 
module. 

• All boards were powered using regulated 9V/12V power adapters, and the complete wiring was 
mounted on a model road structure to simulate real-world junction behavior. 

• Optional components such as a GPS module were integrated for accurate location logging during 
crash detection. 

6.2 Communication Testing 

The communication between master and slave nodes was validated through several test iterations: 

• Vehicle simulation was performed by placing objects near the ultrasonic sensors to trigger 
detection. 

• The ZigBee modules were tested for real-time data transfer, with a focus on signal strength, delay, 
and consistency. 
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• Data packets were verified at the master end to ensure accurate identification of the slave source 
and corresponding direction. 

• The communication delay was recorded to be under 100 ms, making it suitable for real-time 
applications. 

• Collision alerts from the piezo sensor were also tested by manually generating vibration near the 
sensor, verifying that accident data was immediately logged and displayed. 

6.3 Hardware Synchronization 

The synchronization of data across all hardware components was crucial for the system's performance: 

• A multi-threaded control loop in the Arduino Mega handled inputs from three ZigBee channels 
without data collision. 

• The LCD displays were mapped to specific detection zones so that correct alerts were shown in the 
correct direction. 

• The ESP8266 was programmed to push time-stamped messages to Adafruit IO upon each 
detection or accident event. 

• A reset and calibration mechanism was also implemented to reinitialize sensor positions and 
threshold values for ultrasonic and piezo sensors. 

Overall, the hardware integration demonstrated seamless communication, consistent sensor readings, and 
reliable cloud reporting during the experiment phase. 

7. Results and Discussion 

The system was evaluated under various test conditions to assess its accuracy, reliability, and practical 
usefulness in improving safety at T-junctions. The outcomes highlight the effectiveness of sensor-based 
vehicle detection, communication performance, and real-time data transmission. 

7.1 Testing Scenarios 

The system was tested using a scaled-down T-junction prototype under controlled conditions that 
simulated real-world traffic behaviours. The following scenarios were considered: 

• Scenario 1: Vehicle detected on the left arm of the junction – ultrasonic sensor activated, ZigBee 
signal received by master, and left LCD displayed “Vehicle Approaching Left”. 

• Scenario 2: Vehicles simultaneously detected from two arms – both signals correctly received and 
LCDs showed appropriate warnings. 

• Scenario 3: Simulated accident near master node – piezo sensor detected vibration, and the event 
was successfully logged and transmitted to Adafruit IO. 

• Scenario 4: No vehicle present – system remained idle, with LCDs displaying “Clear Path”. 

7.2 Data Accuracy and Communication Latency 

Accuracy and speed were evaluated based on repeated input-response cycles: 

• Vehicle detection accuracy using ultrasonic sensors was measured to be above 94%, with false 
positives minimized by calibrated distance thresholds. 

• ZigBee wireless communication showed reliable transmission across all three slave units, with 
latency under 100 milliseconds, ensuring real-time alerts. 

• Piezo sensor detection was consistently triggered at predefined force thresholds and did not 
respond to minor vibrations, preventing false crash alerts. 

• Data uploaded to Adafruit IO via ESP8266 was observed on a live dashboard with real-time 
refresh, averaging a delay of under 3 seconds. 
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7.3 Safety Effectiveness at T-Junction 

The system significantly enhances safety at T-junctions through: 

• Early vehicle presence detection and timely driver alerts using LCDs. 
• Multi-directional monitoring via independent sensor nodes. 
• Real-time accident alerting with location logging for faster emergency response. 
• Cloud integration enabling centralized monitoring and historical data review for traffic authorities. 

The proactive warnings allowed simulated drivers to pause or slow down, thereby minimizing potential 
collisions. 

7.4 Advantages over Conventional Systems 

Compared to conventional safety mechanisms such as passive signboards, mirrors, or speed bumps, the 
proposed system offers the following benefits: 

• Active Monitoring: Real-time sensing of traffic conditions at all junction arms. 
• Wireless Scalability: ZigBee communication allows expansion to additional zones without wiring. 
• Low Cost: Arduino-based implementation ensures affordability for local deployment. 
• IoT Connectivity: ESP8266 + Adafruit IO cloud enables remote visibility, data analytics, and long-

term safety planning. 
• Accident Detection: Piezo-based impact sensing adds a critical safety feature absent in traditional 

setups. 

8. Applications 

The proposed Advanced Driver Assistance System (ADAS) designed for T-junction safety has several 
practical and scalable applications, particularly in developing countries like India: 

• Smart Traffic Junctions: Can be deployed at accident-prone T-junctions in urban and rural areas 
to provide early warnings and real-time monitoring. 

• Highway Exit Monitoring: Useful in highway exit points where cross-traffic enters or exits with 
poor visibility. 

• Smart City Infrastructure: Integrates well with smart city initiatives where traffic intelligence 
and cloud-based monitoring are prioritized. 

• School and Hospital Zones: Can be used near educational institutions and hospitals to prevent 
high-speed crossings and reduce collision risks. 

• Industrial or Residential Gate Monitoring: Adaptable for private premises to detect 
approaching vehicles and prevent gate-related accidents. 

• Temporary Construction Zones: Portable and useful in areas under construction or traffic 
redirection to manage flow and prevent confusion. 
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9. Advantages and Limitations 

9.1 Advantages of the Proposed System 

• Real-time Detection: Immediate identification of vehicle presence using ultrasonic sensors. 
• Accident Alert System: Vibration-triggered detection through piezo sensors helps report 

accidents as they happen. 
• Low-Cost Implementation: Based on affordable Arduino boards and sensors, making it viable for 

large-scale deployments. 
• Wireless Communication: ZigBee ensures reliable short-range data transfer without physical 

wiring. 
• Cloud Connectivity: ESP8266 integration with Adafruit IO enables remote supervision, data 

logging, and dashboard visualization. 
•  Scalable Architecture: Easily expandable to include more junctions, directions, or additional 

sensors. 
• Visual Alert System: LCD displays provide immediate visual feedback to drivers for better 

decision-making. 

9.2 Limitations of the Proposed System 

• Limited Range of Ultrasonic Sensors: Accuracy may drop for fast-moving vehicles or longer 
detection distances. 

• ZigBee Signal Interference: Performance may be affected by obstacles or radio interference in 
crowded areas. 

• Dependency on Stable Power Supply: Any power disruption may disable the entire setup unless 
a backup system is provided. 

• No Image or Camera Detection: The current system does not include visual confirmation through 
cameras or AI-based detection. 

• Weather Sensitivity: Harsh weather conditions like heavy rain or fog may impact sensor 
accuracy. 

10. Future Scope 

The current system presents a robust foundation for enhancing road safety at T-junctions using low-cost 
embedded and IoT technologies. However, there are several areas where the system can be expanded and 
improved in future iterations: 

• Integration of AI and Camera Vision: Future versions can include cameras combined with AI-
based object detection to improve accuracy in detecting vehicles, pedestrians, and two-wheelers 
in complex environments. 

• GPS-Based Real-Time Vehicle Tracking: Incorporating GPS modules in all slave units would 
allow authorities to track vehicle flow and congestion patterns at multiple junctions in real time. 

• Advanced Cloud Analytics: Integration with more advanced platforms like ThingSpeak, Google 
Firebase, or AWS IoT can enable deeper analytics, long-term data storage, and predictive traffic 
modeling. 

• Solar Power Integration: To make the system energy-efficient and deployable in rural areas, 
solar panels with battery backup can be used to power the modules. 

• Emergency Services Integration: The system can be expanded to directly notify nearby hospitals, 
ambulances, or police stations in case of a detected collision. 

• Mesh Networking Using ZigBee or LoRa: Implementing a mesh or LoRa-based communication 
network can extend the range and resilience of data transmission across multiple junctions in a 
city or town. 

• Mobile App Interface: A dedicated mobile application can be developed for real-time alerts to 
drivers, emergency responders, and traffic controllers. 
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• Self-Healing System Logic: A fault-tolerant design can be incorporated to detect hardware 
failures (like sensor malfunction) and continue operating using alternate paths or backup 
components. 

11. Detailed comparison between Zigbee and 5G networks 

In the evolving landscape of wireless communication technologies, selecting the appropriate protocol is 
crucial for the performance, scalability, and efficiency of any embedded or IoT-based system. As 
applications span from low-power sensor networks to high-bandwidth, real-time data transmission 
systems, the contrast between legacy low-power protocols and next-generation cellular standards becomes 
increasingly relevant. Two widely used technologies—ZigBee, designed for low-power mesh networks, 
and 5G, developed for ultra-reliable high-speed communication—offer drastically different capabilities. 
The following comparison explores their key differences in technical features, application domains, and 
deployment suitability. 

1. Technology Overview 

Parameter Zigbee 5G Networks 
Type Wireless Personal Area Network 

(WPAN) 
Cellular Mobile Network 

Standard IEEE 802.15.4 3GPP Release 15+ 
Use Case Low-power, short-range IoT and 

automation 
High-speed broadband, ultra-low latency, 
massive IoT 

 

2. Technical Specifications 

Parameter Zigbee 5G Networks 
Frequency Band 2.4 GHz (Global), 868 MHz (EU), 

915 MHz (US) 
Sub-6 GHz and mmWave (24–100 GHz) 

Data Rate 20 kbps – 250 kbps Up to 10 Gbps (theoretical); 100 Mbps – 1 
Gbps (practical) 

Range 10–100 meters (with mesh) 100 meters to several kilometers 
Topology Star, Tree, Mesh Cellular (macro/small cells) 
Latency ~30–100 milliseconds As low as 1 millisecond 
Bandwidth Very low Extremely high 
Power 
Consumption 

Very low (optimized for battery 
devices) 

Moderate to high (higher for mobile devices 
and base stations) 

 

3. Applications 

Category Zigbee 5G Networks 
Smart Homes ✓ Used for lights, thermostats, 

sensors, etc. 
✕ Overkill for basic automation 

Industrial IoT ✓ Moderate use in factories with 
mesh networks 

✓✓ Suitable for real-time, high-
bandwidth applications 

Healthcare ✓ Body sensors, monitors ✓✓ Remote surgery, live data streaming 
Autonomous 
Vehicles 

✕ Not suitable due to low range and 
high latency 

✓✓ Core technology for V2X (vehicle-to-
everything) 

Smart Cities ✓ Streetlights, parking sensors ✓✓ Video surveillance, connected 
infrastructure 

Wearables ✓ Short-range communication (low 
power) 

✓✓ Real-time streaming and mobile 
connectivity 
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4. Security and Reliability 

Parameter Zigbee 5G Networks 
Security 
Protocols 

AES 128-bit encryption Advanced 256-bit encryption, network 
slicing security 

Reliability Medium – prone to interference at 
2.4 GHz 

Very high – redundant architecture and low 
latency 

Interference High (shared 2.4 GHz spectrum) Low (licensed spectrum and beamforming) 

 

5. Cost and Deployment 

Parameter Zigbee 5G Networks 
Device Cost Very low (~$2–$5 per module) High (~$50+ per module, depending on 

application) 
Infrastructure 
Cost 

Low (requires just coordinator + 
repeaters) 

Very high (requires licensed spectrum, 
towers, backhaul) 

Ease of Setup Simple, plug-and-play in local 
mesh 

Complex – requires cellular operator or 
private network setup 

 

Conclusion 

This research presents a cost-effective and scalable Advanced Driver Assistance System (ADAS) 
designed specifically to improve safety at T-junctions, which are common accident hotspots on Indian 
roads. By integrating ultrasonic sensors, ZigBee-based wireless communication, Arduino-based 
master-slave architecture, and cloud connectivity via ESP8266 (5G) and Adafruit IO, the system offers 
a practical solution for real-time vehicle detection, accident monitoring, and remote data visualization. 

The use of multiple Arduino Uno slave units ensures distributed sensing at each junction arm, while the 
central Arduino Mega master controller efficiently processes incoming data, activates LCD-based visual 
alerts, and manages real-time communication with cloud servers. The incorporation of a piezoelectric 
sensor for crash detection further enhances system functionality by enabling immediate response and 
location tracking. 

Experimental validation showed high detection accuracy, low communication latency, and strong system 
responsiveness. Moreover, the system's modular and low-cost design makes it suitable for deployment 
in both urban and rural areas, especially in developing countries where road infrastructure and monitoring 
systems are limited. 
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Project Screenshots & Results  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4 shows the project implementation  
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