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Abstract— The implementation of an IoT-based accident 
response system represents a significant advancement in 
enhancing emergency services within urban environments. This 
system integrates a network of IoT sensors strategically placed in 
both traffic lights and vehicle on-boards to continuously monitor 
real-time traffic conditions and swiftly detect accidents and 
emergencies. Utilizing sensors like accelerometers and vibration 
sensors, the system can promptly identify various types of 
accidents, such as collisions and vehicle rollovers. Upon accident 
detection, critical information, including the accident location and 
time, is relayed to local emergency services for immediate response 
coordination. Simultaneously, the system optimizes traffic flow by 
sending requests for green signals to traffic light poles through 
RFID technology, ensuring a clear path for emergency vehicles. By 
streamlining emergency response processes and leveraging IoT 
technology, this system significantly reduces response times, 
enhances urban safety, and maximizes the utilization of emergency 
resources in cities. This abstract encapsulates the key features and 
benefits of the IoT-powered emergency vehicle system, 
highlighting its innovative approach to improving accident 
response efficiency in urban areas. 
Index Terms—Accident detection, Internet of Things (IoT), 
Emergency response efficiency, Traffic management, Emergency 
vehicles, V2I communication, RF technology, Accident 
Monitoring, Web-server. 

1. Introduction 
The advent of IoT technology has paved the way for 

transformative innovations in emergency response systems, 
particularly in urban settings where rapid accident response is 
paramount.  

 
 

 
 
 
 
 
 
 
 

 
The integration of IoT-powered solutions has revolutionized 

the efficiency and effectiveness of emergency services, 
enabling swift accident detection and intelligent traffic control 
mechanisms. The IoT-powered Emergency Vehicle System 
leverages a network of sensors, including accelerometers and 
vibration sensors, strategically placed in both traffic lights and 
vehicle onboard units. These sensors work in unison to detect 
various types of accidents, such as collisions and rollovers, 
ensuring prompt notification to emergency services. Through 
seamless communication channels and server-based 
technologies, critical accident information, including location 
and time details, is swiftly relayed to emergency responders, 
optimizing response coordination and minimizing time lags 
between accidents and medical assistance.  

Moreover, the system's innovative use of RFID technology 
in traffic signal management plays a pivotal role in streamlining 
emergency vehicle navigation through urban landscapes. By 
dynamically adjusting traffic signals and creating green waves 
to prioritize emergency vehicle passage, the system ensures 
minimal disruptions and expedites the transit of emergency 
vehicles to accident sites and medical facilities. This proactive 
approach not only enhances urban safety but also maximizes 
the utilization of emergency resources, ultimately saving lives 
and improving overall emergency response efficiency.  

Through a detailed exploration of the system's architecture, 
simulation analyses, hardware implementations, and real-world 
applications, this journal aims to shed light on the 
transformative potential of IoT technologies in revolutionizing 
emergency response systems. By delving into the intricacies of 
this IoT-powered solution, we uncover a paradigm shift in 
urban emergency services, emphasizing the critical role of 
technology in mitigating accident-related fatalities and 
optimizing emergency response efforts in cities. Related. 

2. System Architecture 
The IoT-powered Emergency Vehicle System is designed to 

improve accident response times and enhance safety in urban 
areas. The system architecture comprises three main 
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components:  
IoT Sensors: These sensors are installed in traffic lights and 
vehicle on-boards. Accelerometers and vibration sensors are 
used to detect accidents, while RFID tags and readers are used 
to control traffic signals. 
Server-based Communication: The system uses server-based 
communication to relay critical accident information, including 
location and time details, to emergency responders. This 
ensures prompt notification and efficient response 
coordination. 
RFID-enabled Traffic Signal Control: RFID technology is used 
to dynamically adjust traffic signals, creating a green wave for 
emergency vehicles. This ensures a clear path for emergency 
vehicles and minimizes disruptions in traffic flow. 

 

 
Fig.1. Schematic model of IoT-Powered Emergency Vehicle 

System. 
 
The system architecture is illustrated in Figure 1, which 

provides a schematic model of the IoT-Powered Emergency 
Vehicle System is meticulously designed to integrate IoT 
sensors, server-based communication, and RFID technology, 
culminating in a robust framework that revolutionizes 
emergency response services in urban environments. This 
architecture ensures rapid accident detection, efficient response 
coordination, and optimized traffic management, ultimately 
enhancing urban safety and emergency resource utilization. 

3. Accident Detection Subsystem 
The accident detection part of the IoT-powered emergency 

vehicle system is a critical component that ensures rapid 
accident detection and response. The system integrates various 
sensors, microcontrollers, and communication modules to 
create an efficient and accurate accident detection and response 
mechanism. The vehicle part's circuit diagram and code are 
designed to manage the system's functionality, ensuring swift 
alerts, motor shutdown, and effective communication with 
emergency services. 

The Accident Detection Subsystem Comprise essential 
components such as an accelerometer, vibration sensor, 
Arduino Nano, Node MCU, GPS module, buzzer, push buttons, 
and LCD screen, the circuit embodies a sophisticated design 
aimed at optimizing accident detection. 

 
Fig.2. Accident Detection Subsystem Block Diagram 

 
As per the flowchart in Fig.3, the accelerometer and vibration 

sensor serve as primary inputs for accident identification, while 
the Arduino Nano and Node MCU act as central 
microcontrollers responsible for data processing and 
communication. The GPS module provides crucial location 
details, the buzzer ensures audible alerts, and the push buttons 
and LCD screen facilitate system management and feedback. 

 

 
Fig.3. Flowchart for Accident Detection Subsystem. 

 
The accident detection subsystem operates through a 

meticulously structured process:  
Hardware Setup: Utilizing the Arduino Nano, the subsystem 

efficiently processes inputs from the vibration sensor and 
accelerometer to detect collisions accurately.  

Accident Detection Process: Upon detecting an accident, the 
Arduino Nano triggers the Node MCU, which swiftly retrieves 
precise location details from the GPS module, ensuring the 
prompt dissemination of critical accident information.  

Alert Mechanisms: The system is equipped with a buzzer for 
sound alerts, push buttons for speed management, and an LCD 
screen displaying essential information like "Accident 
Detected" and vehicle acceleration, ensuring immediate 
notification to vehicle occupants.  

Vehicle Control: The subsystem can control two motors 
linked to the vehicle's wheels, enabling rapid actions such as 
motor shutdown to prevent further damage post-accident. 
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Fig.4. Accident Detection Subsystem Circuit Diagram. 

A. Hardware Implementation 
The hardware implementation of the accident detection 

subsystem in the IoT-powered emergency vehicle system, as 
depicted in Fig. 4, is meticulously designed to optimize accident 
identification and response. Fig. 5 showcases the physical 
realization of the prototype, demonstrating the practical 
integration of these components to support efficient accident 
detection and response operations. 

In operation, the Arduino Nano serves as the central 
microcontroller, efficiently processing inputs from the 
vibration sensor and accelerometer to detect collisions 
accurately. Upon detecting an accident, the Arduino Nano 
triggers the Node MCU, which retrieves precise location details 
from the GPS module. This facilitates the rapid dissemination 
of critical accident information to emergency services. 

 

 
Fig.5. Hardware Implementation of Accident Detection Subsystem 

at different modes. 
 
An auditory alert mechanism in the form of a buzzer notifies 

vehicle occupants and nearby individuals upon accident 
detection. The buzzer operates for 20 seconds post-accident, 
allowing the vehicle owner to cancel the alert if medical 
assistance is not required using a reset button. This feature 
ensures privacy and efficiency in accident response operations.  

 

This hardware deployment exemplifies a sophisticated 
approach to accident detection within IoT-powered emergency 
vehicle systems, significantly enhancing overall effectiveness 
and response efficiency. 

4. Vehicle To Infrastructure (V2i) Communication 
The integration of Vehicle-to-Infrastructure (V2I) 

communication within IoT-powered emergency vehicle 
systems is a significant leap forward in enhancing road safety 
and optimizing traffic management. This technology enables 
seamless communication between vehicles and external 
infrastructure, facilitating real-time speed regulation and 
accident prevention measures. V2I communication is pivotal in 
ensuring vehicle safety by automatically adjusting speed limits 
in accident-prone areas or zones with specific speed 
restrictions. Leveraging RF transmitters and receivers, vehicles 
receive signals from infrastructure devices, enabling immediate 
speed adjustments to ensure compliance with local regulations. 
This proactive approach enhances overall road safety and 
effectively mitigates the risk of accidents, particularly in critical 
zones. 

A. Hardware Implementation 
The V2I system operates via a dedicated circuit integrated 

into the vehicle's onboard unit (OBU), featuring an RF receiver 
(RX 433 MHz) that captures signals from external 
infrastructure transmitters (TX 433 MHz). Upon entering 
designated areas with predefined speed limits or safety 
parameters, the RF receiver detects transmitted signals, 
activating speed restriction mechanisms within the vehicle. 

 

 
Fig.6. Hardware Implementation of RF V2I Communication 

System 
Automated speed adjustment ensures safe vehicle operation 

within specified zones, enhancing road safety. Fig. 6 illustrates 
the V2I communication circuit in the IoT-powered emergency 
vehicle system, featuring an RF receiver for seamless 
communication with infrastructure devices. 

Integrating Vehicle-to-Infrastructure (V2I) communication 
is a leap in road safety and traffic management. This technology 
enables automatic speed regulation and accident prevention 
through seamless vehicle-infrastructure communication. 

Successful V2I implementation demonstrates advanced 
communication's practical application in optimizing emergency 
response and road safety. Advancements in V2I systems 
promise safer and more efficient road networks for all.  



 INTERNATIONAL JOURNAL OF PROGRESSIVE RESEARCH IN SCIENCE AND ENGINEERING, VOL.5, NO.5., MAY 2024. 

  
ELDHO V CIJI., ET.AL.: IOT-POWERED EMERGENCY VEHICLE SYSTEM: RAPID ACCIDENT RESPONSE IN CITIES 45 

 

5. Web-Server 
The implementation of a web server within an IoT-powered 

accident detection system, depicted in Fig. 6.10, represents a 
critical component facilitating efficient emergency response. 
The front-end of this server was developed using CSS and 
HTML, while back-end operations leverage PHP to deliver 
robust functionality. This server serves as a centralized platform 
offering comprehensive features that play a pivotal role in 
providing accurate and timely accident-related data. 

Authorized personnel can securely access the web server 
through a login page, gaining valuable insights into accident 
occurrences. The system captures and displays essential details, 
including accident location, vehicle information, and driver 
contact details, ensuring swift and informed responses to 
emergencies. Integrating with Google Maps, the server enables 
ambulance drivers to navigate directly to accident sites with a 
simple click, enhancing operational efficiency and visualizing 
incident locations. 

 

 
Fig.7. Web-Server Overview 

 
The web server incorporates distinct admin and user portals 

to cater to different roles within the emergency response 
system. The admin portal provides comprehensive access to 
accident-related data, enabling administrators to manage and 
oversee incident reports, system settings, and user permissions. 
On the other hand, the user portal, tailored for ambulance 
drivers and authorized personnel, allows for quick reporting and 
attendance confirmation of accidents. Ambulance drivers can 
update the status of incidents they attend, ensuring efficient 
resource allocation and coordination. 

As the development of the web server progresses, it is poised 
to become a robust platform embodying efficiency and 
accuracy. Future enhancements may include real-time updates, 
automated notifications, and advanced data analytics 
capabilities. Such advancements will further strengthen the 
system's effectiveness in supporting emergency response 
operations and improving overall road safety.  

In conclusion, the implementation of a web server within an 
IoT-powered accident detection system represents a critical 
advancement in modern emergency response technologies. By 
providing a centralized platform for accessing and managing 
accident-related data, coupled with tailored admin and user 
portals, the web server contributes to streamlined operations, 
enhanced decision-making, and ultimately, more efficient and 
effective emergency response services. 

6. Traffic Signal Subsystem 
The integration of Radio Frequency Identification (RFID) 

technology into traffic signal management systems represents a 
groundbreaking advancement in optimizing emergency vehicle 
response and enhancing road safety. By enabling real-time 
tracking and communication between emergency vehicles and 
traffic signals, RFID technology facilitates proactive 
adjustments to signal timings, ensuring the efficient passage of 
emergency vehicles through intersections and junctions. 

 

 
Fig.8. Traffic Signal Subsystem Block Diagram 

 
The integration of RFID technology into traffic signal 

management represents a transformative advancement in 
emergency vehicle prioritization and traffic optimization. By 
automatically identifying and tracking RFID tags on emergency 
vehicles, this system dynamically adjusts traffic signal timings 
in anticipation of vehicle arrivals, streamlining emergency 
response operations and enhancing road safety. 

Each emergency vehicle is equipped with a unique RFID tag, 
enabling detection and information retrieval by RFID readers. 
The operational logic of the Traffic Management System is 
depicted in a block diagram (Fig. 7), while the circuitry for 
Traffic Signal Management is illustrated in Fig. 8.  

RFID technology operates by utilizing electromagnetic fields 
to automatically identify and track tags affixed to emergency 
vehicles, enabling efficient communication with traffic control 
systems. Deployed RFID tags within ambulances and at 
strategic locations along designated emergency routes facilitate 
dynamic adjustments to traffic signals, ensuring minimal 
disruption to emergency vehicle pathways. As an emergency 
vehicle equipped with an RFID tag approaches, RFID readers 
detect and transmit information to the traffic signal system, 
triggering immediate signal adjustments to facilitate 
unobstructed paths. Fig.11 illustrates the flowchart outlining the 
operational sequence of the traffic signal management system. 
In this prototype, two RFID readers are positioned on the west 
and south sides. The traffic signal code operates in accordance 
with this flowchart, ensuring effective traffic management 
based on RFID tag detection. 
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Fig.9. Traffic Signal Flowchart 

A. Hardware Implementation 
The experimental setup of the traffic signal subsystem, 

depicted in Fig.9, illustrates the standard operation of traffic 
signals in the absence of RFID tag detection by the readers. 
Each side of the setup is labeled with directional indicators ("E, 
S, W & N"). When an emergency vehicle approaches a traffic 
signal equipped with an RFID reader, the reader automatically 
detects the RFID tag affixed to the vehicle, containing a unique 
identification code designated for emergency use. 

 

 
Fig.10. Traffic Signal Subsystem Circuit Diagram 

 
The traffic signal system processes this information swiftly, 

responding by automatically changing the signal to green, 
thereby providing a clear and unobstructed path for the 
emergency vehicle to navigate through without delay or 
hindrance as depicted in Fig.10. This system is strategically 
designed to expedite emergency vehicle response times by 
minimizing waiting periods at traffic signals, facilitating 
smoother navigation through traffic, and ensuring timely arrival 
at critical destinations during emergencies. 

 

 
Fig.11. Traffic Signal Hardware implementation at standard 

operation 
 
When any RFID tag is read by a corresponding reader, the 

traffic signal controller promptly transitions from normal to 
priority-based operation, granting immediate precedence to the 
emergency vehicle. This RFID-based traffic signal system 
serves as a valuable asset for emergency services, enhancing 
response efficiency and safety during critical incidents. 

 

 
Fig.12. Traffic Signal during Emergency Response State 

 
The microcontroller program controlling the traffic signal 

operation utilizes an LCD display to indicate traffic direction. 
Each traffic direction (East, South, West, and North) is defined 
with designated output pins, establishing a timer function of 
1000 milliseconds. Traffic signal management is achieved 
through an if-else statement that prioritizes signals based on 
elapsed time and priority levels. A switch-case statement is 
employed to display traffic direction on the LCD screen. Data 
reception from external devices is facilitated using Serial and 
Serial2 libraries, with variables storing priority levels and 
traffic direction.  
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Functions are implemented to control signal duration, update 
elapsed time, convert time units, and display traffic information 
on the LCD. Together, these functions ensure efficient and safe 
traffic flow based on dynamic traffic signal management 
principles. 

 

 
Fig.13. Traffic Signal Code Algorithm 

 
The RFID-based traffic signal system demonstrates 

particular efficacy in urban environments plagued by traffic 
congestion, enabling emergency vehicles such as ambulances, 
fire trucks, and police vehicles to reach their destinations 
expeditiously, potentially saving lives and enhancing overall 
emergency response capabilities. 

In conclusion, RFID technology integrated into traffic signal 
management for emergency vehicles enhances safety and 
efficiency. This IoT-enabled system streamlines accident 
detection, response, and traffic control, supporting faster 
emergency responses and improving road safety. RFID's 
adaptability and effectiveness have the potential to 
revolutionize transportation systems and emergency services, 
ensuring safer and more responsive road networks.   

7. Conclusion 
The integration of comprehensive accident detection and 

traffic signal management subsystems represents a significant 
advance in urban traffic safety and emergency response. The 
accident detection system efficiently identifies incidents, aiding 
swift emergency services and reducing response delays. 
Additionally, dynamic traffic signal control optimizes traffic 
flow, minimizing congestion and mitigating accident risks. The 
monitoring web page enhances oversight and decision-making. 
Together, these initiatives create a safer, more responsive urban 
traffic management system, benefiting public safety and 
improving overall traffic efficiency. As these technologies 
evolve, they promise to revolutionize emergency response 
capabilities and contribute to safer urban environments. 
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