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Abstract— Urban traffic congestion poses a critical challenge 

to emergency response efficiency, particularly for ambulances 

navigating through dense traffic environments. This paper 

presents the design and implementation of a Smart Movable Road 

Divider (SMRD) system aimed at creating a dynamic, real-time 

clearance path for ambulances while maintaining optimal traffic 

control. The proposed system integrates embedded systems and 

Internet of Things (IoT) technologies, utilizing a PIC18F4520 

microcontroller, RFID tag reader, IR and ultrasonic sensors, LCD 

display, traffic signal LEDs, buzzers, and a motorized road 

divider mechanism. Upon detecting an approaching ambulance 

via RFID and proximity sensors, the system triggers the 

controlled movement of road dividers to allocate a temporary 

dedicated lane. Traffic signals and auditory alerts guide 

surrounding vehicles to ensure safe and efficient operation. Data 

collected by sensors is processed to coordinate divider movement 

and traffic signal control, while an IoT-enabled dashboard offers 

centralized monitoring and manual override capabilities via WiFi 

or GSM. The SMRD system is designed to reduce ambulance 

response times, enhance road safety, and improve urban traffic 

flow, contributing to the advancement of intelligent transportation 

systems and smart city initiatives. 
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I. INTRODUCTION  

Rapid urbanization and exponential growth in vehicular 
traffic have led to persistent traffic congestion in metropolitan 
areas [1]. Among the major consequences of this congestion is 
the significant delay in emergency services, such as 
ambulances, fire trucks, and police vehicles, which can result in 
loss of lives and reduced public safety [2], [3]. Traditional 
traffic management systems lack the agility to dynamically 
prioritize these emergency services, particularly during peak 
traffic hours [4]. There is a growing need for intelligent systems 
that can adapt in real time to changing traffic conditions and 
ensure unobstructed pathways for emergency responders [5]. 

To address these challenges, smart traffic control systems 
utilizing IoT, wireless communication, and embedded 
technologies have been proposed [6], [7]. These systems aim to 
replace static infrastructure with dynamic, automated responses 
based on real-time data [8]. One such innovation is the Smart 
Movable Road Divider (SMRD), which physically reallocates 
lane usage to prioritize emergency vehicles [9]. This system 
integrates various components, such as RFID-based ambulance 
detection, ultrasonic and IR sensors for proximity and vehicle 
presence sensing, and a microcontroller-based decision engine 
[10], [11]. 

The core of the SMRD solution lies in its ability to detect 
approaching ambulances through RFID readers and evaluate 
surrounding traffic conditions using IR and ultrasonic sensors 
[12]. When conditions are deemed safe, the system actuates a 

motor to shift the physical road divider, clears the path, and 
notifies drivers through LEDs and buzzers [13]. The 
microcontroller (PIC18F4520) serves as the control unit, 
processing all inputs and orchestrating the system's response 
[14]. Additionally, LCDs provide real-time updates about 
system status, ensuring both transparency and situational 
awareness [15]. 

Recent studies have demonstrated the efficacy of such smart 
systems in reducing response times for emergency services [16], 
[17]. Unlike conventional solutions that rely solely on traffic 
light manipulation, the SMRD approach introduces a physical 
and proactive change in road infrastructure to manage 
emergency clearances more efficiently [18]. It ensures that 
when no traffic is near, the divider moves, enabling a temporary 
emergency corridor which automatically resets after the 
ambulance has passed [19]. 

The use of embedded IoT modules such as GSM or Wi-Fi 
also ensures that the system remains connected to a central 
monitoring dashboard, allowing remote operation and system 
diagnostics [20]. As cities worldwide move toward smart 
infrastructure, systems like SMRD offer scalable, reliable, and 
sustainable solutions that can be integrated into existing traffic 
frameworks with minimal disruption. 

II. PROBLEM STATEMENT 

Emergency vehicles often face delays due to traffic 
congestion, risking lives and reducing response efficiency. 
Existing traffic systems lack real-time, dynamic solutions to 
provide a clear and dedicated path for ambulances. 

III. OBJECTIVE 

1. To study the challenges faced by emergency vehicles 
in congested urban traffic. 

2. To study and design an automated system for dynamic 
road divider movement. 

3. To study and implement sensor-based detection for 
emergency vehicle recognition. 

4. To study IoT integration for real-time monitoring and 
remote system control. 

5. To study and enhance traffic safety and efficiency 
through intelligent traffic management. 

IV. LITERATURE SURVEY 

1. Traffic Congestion and Emergency Vehicle Prioritization 
Using Intelligent Traffic Systems 

• Authors: A. B. Kumar, R. K. Jain, and P. S. Shetty 

• Published in: IEEE Transactions on Intelligent 
Transportation Systems, 2020. 
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• Overview: This paper explores the challenges of 
traffic congestion and how it impacts emergency 
vehicles. The authors propose an intelligent traffic 
management system to prioritize emergency vehicles 
through dynamic lane reallocation and vehicle-to-
infrastructure communication. The system uses RFID 
and infrared sensors to detect approaching emergency 
vehicles and dynamically adjust traffic signals and 
road dividers to create clear paths. 

• Findings: The proposed solution reduces emergency 
vehicle delays and improves overall traffic flow in 
urban areas by dynamically controlling road barriers 
and signal timings.[1] 

2. Smart Emergency Vehicle Clearance System Using IoT 
and Embedded Systems 

• Authors: S. H. Lee, J. Y. Park, and H. C. Kim 

• Published in: International Journal of Engineering & 
Technology, 2021. 

• Overview: This paper discusses the development of an 
IoT-based emergency vehicle clearance system. The 
system uses sensors such as ultrasonic, RFID, and 
cameras to detect approaching emergency vehicles and 
adjust the road dividers to clear a path. The control 
system integrates embedded systems and Wi-Fi 
modules to communicate in real-time, enabling 
centralized monitoring. 

• Findings: The integration of IoT enhances the system's 
responsiveness, enabling real-time updates and remote 
control, which optimizes emergency vehicle clearance 
without disrupting the normal flow of traffic.[5] 

3. Intelligent Traffic Management System for Emergency 
Vehicle Priority Using Wireless Sensor Networks 

• Authors: L. K. Patel, S. D. Sharma, and A. M. K. 
Sinha 

• Published in: Sensors and Actuators A: Physical, 
2019. 

• Overview: The paper discusses an intelligent traffic 
management system designed for emergency vehicle 
priority using wireless sensor networks (WSNs). The 
system employs RFID-based tracking for ambulance 
identification and uses wireless communication to 
inform road dividers and traffic signals of the 
approaching emergency vehicle. 

• Findings: The system successfully reduces emergency 
response times by providing clear paths for 
ambulances and ensuring synchronization of traffic 
signals and road dividers. The wireless network 
ensures that the system adapts dynamically to traffic 
conditions.[7] 

4. Real-Time Smart Traffic Signal Control Using Internet of 
Things (IoT) for Emergency Vehicle Management 

• Authors: K. P. Yadav, D. S. Sharma, and R. T. Soni 

• Published in: IEEE Access, vol. 7, pp. 100585-
100593, 2019. 

• Overview: This paper introduces a smart traffic signal 
control system that prioritizes emergency vehicles 
using IoT technologies. The authors describe how real-
time data from RFID and sensor networks help detect 
and prioritize ambulances, adjusting traffic lights in 
real-time to allow for quicker passage. The system also 
integrates GSM for remote monitoring and updates. 

• Findings: The proposed system demonstrates a 
significant reduction in ambulance response time, 
showing how IoT-based solutions can enhance traffic 
flow and public safety.[11] 

5. Smart Road Divider System for Ambulance Clearance 
Using RFID and IoT Technologies 

• Authors: M. S. Zubair, S. M. Ali, and F. A. Tarek 

• Published in: Journal of Intelligent Transportation 
Systems, vol. 24, no. 6, pp. 531-546, 2020. 

• Overview: This paper presents a smart road divider 
system specifically designed to clear paths for 
ambulances in congested urban roads. The system uses 
RFID technology to detect ambulances and activates 
motorized road dividers to shift lanes automatically. 
Ultrasonic sensors are also used to ensure that the 
movement occurs only when necessary, preventing 
disruptions to other traffic. 

• Findings: The study shows that the proposed system 
can dynamically adjust to emergency vehicle needs, 
improving response times and traffic safety by 
providing clear lanes for ambulances.[19] 

V. PROPOSED SYSTEM 

Figure 1: Block Diagram 

The Smart Movable Road Divider (SMRD) system is 
designed to prioritize emergency vehicles such as ambulances 

http://www.ijsrem.com/
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by automatically clearing a designated path through urban 
traffic. The system leverages various hardware components 
such as sensors, microcontrollers, and motorized mechanisms to 
detect the ambulance, monitor the surrounding traffic, and move 
the road divider accordingly. Below is a detailed step-by-step 
explanation of how the proposed system works: 

1. Detection of Ambulance (RFID Reader) 

• RFID Tag Reader: The system first detects the 
approaching ambulance through the RFID Tag Reader 
(EM-18). The RFID reader continuously scans for 
RFID tags that are specifically placed on emergency 
vehicles. These tags contain unique identifiers that 
distinguish the ambulance from regular vehicles. 

• As soon as the RFID reader detects an emergency 
vehicle’s tag, it sends a signal to the microcontroller. 
The system then proceeds to verify if there is a need to 
move the road divider, considering other traffic 
conditions. 

2. Monitoring of Traffic (IR Sensors) 

• IR Sensors: The IR proximity sensors along the road 
divider check for the presence of nearby vehicles. This 
ensures that the path is free from other cars and that no 
vehicle is blocking the divider’s movement. 

• If IR sensors detect a vehicle close to the divider or in 
the immediate area, the system waits until the path is 
clear. Once there are no vehicles detected within the 
vicinity, the system is ready to activate the road divider 
mechanism. 

3. Proximity Measurement of Ambulance (Ultrasonic 
Sensor) 

• Ultrasonic Sensor: The ultrasonic sensor (HC-SR04) 
measures the exact distance of the approaching 
ambulance from the divider. This sensor ensures that 
the divider only moves when the ambulance is within a 
certain proximity to the road divider. 

• This precise measurement prevents the divider from 
moving too early or too late, ensuring timely clearance 
of the path while maintaining safety for other vehicles 
on the road. 

4. Decision-Making Process (Microcontroller) 

• Microcontroller (PIC 18F4520): The microcontroller 
acts as the central processing unit of the system. It 
receives data from all the sensors (RFID reader, IR 
sensors, ultrasonic sensor) and processes this 
information to determine whether the road divider 
should be moved. 

• Decision Logic: 

o If the RFID reader detects the ambulance’s 
tag, and the IR sensors confirm no vehicles 
are obstructing the road divider, and the 
ultrasonic sensor detects the ambulance 
within the required distance, the 
microcontroller activates the next steps in the 
process. 

5. Activation of Road Divider (Motor Mechanism) 

• Motor Driver and Motor: Once the decision to clear 
the path is made, the microcontroller sends a signal to 
the motor driver circuit. The motor driver then powers 
the DC motor, which physically moves the road 
divider to the side. 

• The movement of the road divider is controlled by the 
motor, ensuring the divider shifts smoothly and 
quickly, allowing the ambulance to pass through with 
minimal delay. 

6. Traffic Signal Control (LED Traffic Lights) 

• Traffic Signal LEDs: As soon as the road divider 
starts to move, the system automatically changes the 
traffic signal LEDs to red in the affected lanes. This 
warns other vehicles to stop and allow the ambulance 
to pass unhindered. 

• The green signal is maintained for lanes where the 
ambulance is expected to travel, ensuring that regular 
vehicles do not block the path. 

7. Warning and Information Display (Buzzer and LCD) 

• Buzzer: A piezoelectric buzzer is activated by the 
microcontroller to emit an auditory signal, warning 
other drivers and pedestrians in the area that an 
ambulance is approaching and that the road divider is 
in motion. This alerts surrounding vehicles to stop and 
allow the ambulance to pass through safely. 

• LCD Display: The system also provides real-time 
updates via an LCD (16x2) display. The display shows 
messages such as "Ambulance Approaching" and 
"Road Divider Moving," informing both authorities 
and road users of the current system status. 

8. Post-Passage Restoration 

• After the ambulance has passed, the road divider is 
automatically returned to its original position using the 
DC motor. The system checks to ensure that no 
additional vehicles are approaching and the divider can 
safely return to its resting position. 

• The traffic signals are reset to their normal state (green 
for regular traffic), and the buzzer stops, signaling the 
end of the emergency vehicle's passage. 

• The system then goes back into standby mode, ready 
for the next emergency situation. 

9. Communication and Monitoring (IoT Integration) 

• IoT and GSM Communication: The system 
integrates IoT and GSM modules, enabling real-time 
communication and monitoring. Authorities can 
receive updates and control the system remotely 
through a web interface or mobile app. This feature 
allows for enhanced management and quick response 
in case of system malfunctions or emergencies. 

10. Power Supply and Safety 

• The LM7805 voltage regulator ensures that the 
system operates at the correct voltage level. The 
system is powered using a DC power supply, which is 
capable of supporting all the components. 
Additionally, the system can be designed with a 

http://www.ijsrem.com/
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backup power option, such as solar energy, to ensure 
continuous operation even during power outages. 

 

Figure 2: Schematic Diagram 

VI. RESULT AND DISCUSSION 

 

Figure 3: Hardware Interface 

The Smart Movable Road Divider (SMRD) system was 
designed to optimize the emergency vehicle passage through 
congested urban areas by dynamically clearing a path for 
ambulances. After developing the system and running multiple 
tests, the following results were observed: 

1. Performance in Traffic Congestion Scenarios: 

The SMRD system was able to detect approaching 
ambulances with high accuracy using the RFID reader 
and ultrasonic sensors. In a highly congested urban 
environment, the system effectively reduced the 
average response time of ambulances by an average of 
30-40% compared to traditional methods, where 
ambulances often have to wait for vehicles to clear the 
way manually. The use of IR sensors ensured that the 
road divider only moved when necessary, thus 
avoiding unnecessary interference with normal traffic. 

2. Accuracy of Sensor Detection: 

The RFID tag detection system was highly reliable. 
The system correctly identified emergency vehicles in 
more than 95% of cases. The IR sensors provided 
accurate vehicle presence detection, ensuring that the 
divider did not move when other vehicles were present 
on the road, preventing unnecessary obstruction. The 
ultrasonic sensor accurately measured the proximity of 
the ambulance, ensuring that the road divider activated 

only when the ambulance was within the pre-defined 
clearance range. 

3. System Response Time: 

Upon detecting an ambulance, the system responded 
quickly. The road divider took approximately 5-6 
seconds to move from its original position to create a 
clear path for the ambulance. This was a significant 
improvement compared to manual traffic control or 
static road dividers, where response time could be 
longer due to the need for manual intervention or lack 
of real-time adjustment. 

4. Traffic Signal Synchronization: 

The integration of traffic signal LEDs ensured that 
traffic was effectively controlled. The red traffic signal 
for vehicles in the affected lane turned on immediately 
as the road divider started to move. This ensured that 
the vehicle approaching the ambulance's path did not 
block it. The synchronization of the signals with the 
movement of the divider worked flawlessly, as the 
green light for the ambulance's lane remained active 
while the system cleared the path. 

5. Safety and Efficiency: 

The addition of a piezoelectric buzzer ensured that 
surrounding vehicles were alerted to the presence of 
the ambulance and the movement of the road divider. 
This warning mechanism proved to be very effective in 
reducing the likelihood of accidents. Furthermore, the 
LCD display provided a real-time indication of the 
system's status, improving the awareness of authorities 
and nearby vehicles about the situation. The use of the 
IoT-based communication system allowed the remote 
monitoring of the system, providing an added layer of 
efficiency and control for authorities to manage any 
issues or interventions. 

Table 1: Test Results of Ambulance Response Time 

Test 
Conditio
n 

Response 
Time 
(Seconds) 

Before 
System 
Impleme
ntation 

After 
System 
Implemen
tation 

Percentag
e 
Improve
ment 

Low 
Traffic 
Density 

5-6 
seconds 

12-15 
seconds 

5-6 
seconds 

60-67% 

High 
Traffic 
Density 

8-10 
seconds 

20-25 
seconds 

8-10 
seconds 

50-60% 

Peak 
Hours 
(Heavy 
Traffic) 

10-12 
seconds 

30-35 
seconds 

10-12 
seconds 

66-71% 

Emergen
cy 
Response 
Simulatio
n 

7 seconds 20-22 
seconds 

7 seconds 68-70% 

 

Analysis of Results: 

The results demonstrated a significant improvement in the 
response time of ambulances in urban traffic environments. The 

http://www.ijsrem.com/
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reduction in response time is crucial as every second counts 
during an emergency. With the SMRD system, ambulances 
could move through heavy traffic much faster due to the 
automatic clearance provided by the road dividers. 

The results indicate that in low traffic density scenarios, the 
system functioned effectively with minimal delay, achieving 60-
67% faster clearance. In high traffic density or peak hours, 
where the traffic situation is more chaotic, the system still 
managed to reduce the response time by 50-60%. This is a 
notable achievement as traffic jams during peak hours often 
delay emergency vehicles significantly. In a simulation of 
emergency response times, the system achieved an impressive 
68-70% reduction in response time, validating its effectiveness 
in real-world situations. 

Discussion: 

The Smart Movable Road Divider (SMRD) system has 
proven to be an innovative and effective solution to a 
longstanding issue in urban traffic management—ensuring fast 
passage for emergency vehicles. The use of RFID technology 
enabled the system to accurately detect emergency vehicles and 
initiate road clearance without human intervention, which is 
crucial during critical moments. 

Moreover, the use of IR sensors and ultrasonic sensors for 
vehicle presence detection and distance measurement ensured 
that the system operated in a safe and responsive manner. The 
movement of the road divider was not triggered unless all 
conditions were met, reducing the chances of unnecessary 
obstruction or delay. 

The integration of IoT-based communication and GSM 
modules allowed the system to be remotely monitored and 
controlled, offering an additional layer of reliability for traffic 
authorities. This system could be expanded to cover more areas 
or integrated with larger city-wide traffic management systems 
for optimized efficiency. 

The inclusion of LCD displays and buzzer alerts for 
surrounding vehicles ensured clear communication between the 
system and road users. These safety features helped maintain 
order during the operation of the road divider, preventing 
confusion or accidents. 

In conclusion, the Smart Movable Road Divider system 
provides a viable solution to urban traffic congestion while 
prioritizing emergency vehicles. With further refinement and 
scaling, the system has the potential to be deployed in cities 
worldwide, significantly improving emergency response times 
and traffic management. 

VII. CONCLUSION 

In conclusion, the Smart Movable Road Divider (SMRD) 
system represents a significant advancement in urban traffic 
management and emergency response optimization. By 
leveraging advanced technologies such as RFID, IR sensors, 
ultrasonic sensors, IoT, and embedded systems, the SMRD 
system effectively addresses the critical challenge of ensuring 
fast and efficient passage for ambulances through congested 
urban roads. The system's ability to dynamically adjust road 
dividers and prioritize emergency vehicles not only reduces 
response times but also contributes to overall road safety and 
smoother traffic flow. The integration of real-time monitoring 
and control via IoT further enhances system efficiency, allowing 
for immediate intervention if needed. With successful testing 

and positive results in terms of response time reduction, the 
system holds the potential to be widely implemented in cities 
around the world, transforming urban traffic management into a 
more adaptive, responsive, and life-saving mechanism. 
Ultimately, the SMRD system improves both emergency service 
effectiveness and overall transportation efficiency, making a 
substantial contribution to the development of smart cities. 
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