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Abstract 

Modern urban traffic systems demand smarter, more adaptive solutions to handle increasing 

congestion and inefficiencies. This project presents an intelligent embedded system that 

dynamically manages traffic signals using a combination of real-time sensing, IoT connectivity, 

and artificial intelligence. At a four-way intersection, four infrared sensors continuously 

monitor vehicle presence and estimate traffic density in each lane. These inputs are processed 

by an Arduino Uno microcontroller, which replaces traditional fixed-timer methods with 

responsive signal control logic that adjusts light durations based on actual traffic conditions. To 

enhance reliability and flexibility, manual override switches are incorporated, allowing priority 

control during emergencies or maintenance situations. The system controls RGB LEDs 

representing traffic lights red, yellow, and green ensuring smooth and conflict-free signal 

transitions. In addition, an LCD display provides real-time updates on lane status, signal timing, 

and system activity, offering clear visibility into operations. A key feature of the system is its 

integration with an AI-based decision module, which analyses traffic patterns over time and 

predicts optimal signal sequences to further improve flow efficiency. The entire setup is 

powered by a regulated power supply, ensuring consistent performance across all components. 

By reducing unnecessary waiting times, lowering fuel consumption, and improving traffic 

coordination, this solution offers a practical and scalable alternative to conventional systems. It 

demonstrates how embedded technology and intelligent algorithms can work together to create 

more efficient and responsive traffic management in modern cities. 
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1. Introduction 

In India, delays in reaching hospitals during emergencies remain a serious concern, often 

leading to preventable loss of life. Congested roads in major cities such as Mumbai, Delhi, 

Bengaluru, Chennai, Hyderabad, and Kolkata significantly affect the response time of 

ambulances and other emergency services. The first hour after a medical emergency, often 

referred to as the “golden hour,” is crucial for saving lives. However, heavy traffic and 

inefficient signal systems frequently prevent emergency vehicles from reaching their 

destinations on time. Traditional traffic signal systems operate on fixed timing mechanisms, 

which do not adapt to real-time traffic conditions. This limitation becomes critical when an 

ambulance or police vehicle needs immediate right of way. To address this challenge, advanced 

technologies such as the Internet of Things (IoT) can be integrated into traffic management 

systems to create a more responsive and intelligent infrastructure.  A smart traffic control 

system can detect the presence of emergency vehicles using sensors and communication 

modules installed at intersections. Once identified, signals can be dynamically adjusted to 

provide a clear path, typically by turning lights green along the route of the emergency vehicle. 
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Communication between the ambulance and the traffic system enables real-time tracking and 

route optimization, helping avoid congested areas. Such systems not only reduce response times 

but also enhance overall traffic efficiency. By prioritizing emergency vehicles and adapting to 

live traffic conditions, intelligent traffic management offers a practical solution to improve 

urban mobility and significantly increase the chances of saving lives during critical situations.  

2. Literature Survey 

S. Sharan, et al. [1] developed an Arduino-based smart traffic management system specifically 

designed for emergency vehicles. Their system utilized embedded controllers and sensor-based 

inputs to dynamically control traffic signals, allowing priority passage for emergency vehicles. 

By continuously monitoring traffic conditions, the system intelligently overrides normal signal 

operation when an emergency vehicle is detected, ensuring a clear path. The study 

demonstrated that integrating automation with real-time sensing significantly reduces response 

time and improves traffic flow efficiency during critical situations, making it highly suitable 

for urban deployment. M. T. Hasan, et al. [2] proposed an automated traffic control system 

using Arduino that prioritizes emergency vehicles by detecting their presence and adjusting 

signal timings accordingly. Their work focused on improving urban traffic conditions by 

minimizing delays for emergency services through efficient signal coordination. The system 

ensures that once an emergency vehicle is identified, all conflicting lanes are stopped, allowing 

uninterrupted movement. The results showed enhanced traffic coordination, reduced waiting 

time at intersections, and improved overall system responsiveness. 

R. M. H. Qasem, et al. [3] introduced an Arduino-based automatic traffic clearance system 

aimed at ensuring smooth passage for emergency vehicles. The system utilized wireless 

communication and sensor technologies to detect incoming emergency vehicles and clear 

traffic paths in advance. By integrating communication modules, the system could transmit 

signals between intersections, preparing downstream signals for vehicle arrival. Their approach 

improved system responsiveness, minimized congestion, and enhanced safety in high-density 

traffic scenarios. B. R. Rajbhandari, et al. [4] designed and implemented a traffic clearance 

system using Arduino for emergency vehicle prioritization. Their system incorporated real-time 

monitoring and control mechanisms to dynamically adjust traffic signals based on current 

conditions. The design emphasized low-cost implementation while maintaining efficiency and 

reliability. The study highlighted the effectiveness of embedded systems in managing complex 

traffic situations and demonstrated scalability for real-world applications. 

M. Shah, et al. [5] proposed a real-time traffic density estimation system using image processing 

techniques. Their approach analyzed live video data from cameras to estimate vehicle density 

at intersections and adjust signal timings accordingly. By replacing conventional sensors with 

vision-based analysis, the system achieved higher accuracy in detecting traffic variations. The 

study demonstrated that image processing-based systems provide more flexible and dynamic 

traffic control compared to traditional fixed-time approaches. B. Ghazal, et al. [6] developed a 

smart traffic light control system that used sensor data to dynamically manage traffic signals. 

Their system focused on reducing congestion and improving traffic flow by continuously 

adapting signal timings based on real-time traffic conditions. The implementation showed that 

intelligent signal control reduces idle time for vehicles and enhances road utilization efficiency, 

making it suitable for busy urban intersections. 

G. Merlin Suba, et al. [7] designed a smart autonomous traffic light system that utilized sensors 

to measure traffic density and adjust signal timings accordingly. The system operates without 

human intervention, automatically responding to changing traffic patterns. By eliminating 



International Journal of Data Science and IoT Management System IJDIM, 2026, 5 (2(2)), 339-347 | 341 

       International Journal of 

           DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
                      Peer Reviewed, Referred & Indexed Journal  

                                ISSN: 3068-272X                                   www.ijdim.com                                     Original Research Paper 

 
 

manual control and fixed timing systems, the approach significantly improved traffic handling 

efficiency and reduced congestion during peak hours. K. Kannan, et al. [8] proposed a wireless 

sensor network-based traffic control system for emergency vehicles. Their system enabled 

communication between vehicles and traffic infrastructure, ensuring priority passage for 

emergency services. By using distributed sensor nodes, the system achieved real-time data 

collection and coordination across intersections. The study demonstrated improved 

synchronization, reduced delays, and enhanced emergency response performance. 

J. G. Kim, et al. [9] developed a traffic signal system using wireless sensor networks to detect 

emergency vehicles and dynamically adjust traffic signals. Their work emphasized real-time 

communication and coordination between vehicles and signal systems to improve traffic 

management. The system ensured that emergency vehicles receive continuous green signals 

along their route, reducing travel time and increasing operational efficiency. M. Shariatmadar, 

et al. [10] introduced an adaptive traffic signal control system based on fuzzy logic for 

emergency vehicle prioritization. Their approach utilized real-time traffic data and uncertainty 

handling capabilities of fuzzy logic to adjust signal timings effectively. This method improved 

decision-making under varying traffic conditions and ensured smoother traffic flow with 

minimal delays for emergency vehicles. 

S. M. Kang, et al. [11] proposed a location-based traffic signal control algorithm for emergency 

vehicles. Their system used positional information to predict vehicle arrival and adjust signals 

in advance, ensuring smoother traffic flow and reduced congestion. By forecasting movement 

patterns, the system minimized sudden disruptions and improved coordination across multiple 

intersections. Z. Wang, et al. [12] developed a hierarchical control architecture for traffic signal 

management, focusing on coordinated control across multiple intersections. Their approach 

divided traffic management into different levels, allowing better scalability and efficient 

handling of large urban networks. The system improved synchronization between intersections 

and reduced overall congestion. 

M. E. Ben-Akiva, et al. [13] evaluated various traffic management schemes for emergency 

vehicle preemption. Their study analyzed the impact of different control strategies on traffic 

flow and demonstrated that priority-based systems significantly improve emergency response 

times. The findings provided valuable insights into designing efficient traffic control 

mechanisms. S. R. Samantha, et al. [14] proposed an intelligent traffic control system using 

RFID technology to detect emergency vehicles and provide signal priority. Their system 

improved detection accuracy and ensured reliable communication between vehicles and 

infrastructure. The approach enhanced system reliability and ensured timely signal adjustments 

for emergency vehicle movement. 

3. Proposed System 

The described system introduces an intelligent and adaptive approach to urban traffic 

management by replacing conventional fixed-timing signals with a responsive, data-driven 

control mechanism. At its core, the framework integrates an Arduino Uno microcontroller with 

multiple hardware components, including infrared (IR) sensors, RGB-based traffic lights, an 

LCD interface, and manual override switches. Each lane at an intersection is equipped with an 

IR sensor that continuously detects the presence and movement of vehicles. These sensors 

transmit real-time signals to the controller, enabling it to dynamically allocate signal durations 

based on current traffic density rather than relying on predefined cycles. To enhance decision-

making, the system incorporates an intelligent computational layer capable of analysing both 

real-time and historical traffic patterns. This allows it to anticipate congestion trends and adjust 
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signal behaviour proactively, reducing delays before they escalate into traffic bottlenecks. The 

LCD module provides continuous updates such as vehicle density levels, signal status, and 

countdown timers, improving transparency for both operators and road users. Additionally, 

RGB LEDs simulate real-world traffic signals, ensuring clarity in signal transitions. 

 
Figure. 1: System architecture 

The system also supports emergency handling through dedicated override mechanisms. 

Authorized personnel can manually control signal states during critical situations, such as the 

passage of ambulances or fire vehicles, ensuring uninterrupted priority movement. 

Communication between transmitter and receiver modules further facilitates coordinated signal 

adjustments across intersections. Data collected from sensors undergoes a preprocessing stage 

to ensure accuracy and reliability. This includes noise filtering, elimination of redundant 

readings, and normalization of traffic parameters such as vehicle count, waiting time, and lane 

occupancy. The processed data is then transformed into structured inputs for a machine learning 

model based on the Random Forest algorithm. This model is trained on various traffic scenarios, 

enabling it to classify congestion levels effectively. During operation, the model continuously 

evaluates incoming data and determines the traffic condition of each lane. Based on these 

predictions, the system automatically adjusts signal timings, manages traffic flow, and can 

trigger alerts or rerouting strategies.  

3.1: Workflow 

The figure 2 represents a smart traffic control system centered around an Arduino Uno that 

connects multiple hardware and communication modules to enable adaptive signal 

management. Four IR sensors are deployed across different lanes to detect vehicle presence and 

send digital inputs to the controller. The Arduino processes these inputs and controls RGB 

LEDs to simulate traffic signals, while an LCD display provides real-time status updates such 

as lane activity and signal timing. Manual switches are included to allow human intervention 

during emergencies. An AI integration module communicates through serial pins and connects 

to an ESP8266 Wi-Fi unit for cloud-based data logging and intelligent decision-making. The 
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regulated 5V power supply ensures stable operation of all components, making the system 

reliable for continuous traffic monitoring and control. 

 
Figure 2: Internal workflow. 

Data Acquisition: Each IR sensor placed in different lanes continuously detects vehicle 

movement and presence. These sensors generate digital signals based on traffic density and 

send them to the Arduino input pins. Along with this, manual switches can also provide input 

signals during emergency situations. The system collects raw, real-time traffic data from all 

directions simultaneously. This ensures that the controller always has up-to-date information 

about road conditions. 

Signal Processing: The Arduino Uno receives sensor inputs and begins processing them using 

embedded logic. It interprets which lane has higher vehicle density and determines priority 

levels. The incoming signals may be stabilized using pull-up resistors to avoid noise. Based on 

this processed data, the controller prepares decisions for traffic signal changes. This stage acts 

as the core decision-making layer at the hardware level. 

AI-Based Analysis: The processed data is forwarded to the AI module through serial 

communication (TX pin). This module analyzes historical and real-time traffic patterns to 

predict congestion trends. It enhances decision-making by suggesting optimal signal timing 

adjustments. The AI system can also log data for future learning and improvement. This adds 

intelligence beyond simple rule-based control. 

Traffic Signal Control: Based on computed results, the Arduino controls RGB LEDs 

connected to output pins. These LEDs represent red, yellow, and green traffic lights for each 

lane. The system dynamically adjusts signal durations depending on traffic conditions. High-
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density lanes receive longer green signals, reducing congestion. This ensures efficient and 

adaptive traffic flow management. 

User Display and Feedback: The LCD 16x2 display shows real-time system information such 

as active lanes, signal countdown timers, and traffic density status. This helps operators and 

users understand current traffic conditions clearly. It improves system transparency and 

usability. The display is connected via I2C communication for efficient data transfer. 

Communication and Cloud Integration: The ESP8266 Wi-Fi module enables internet 

connectivity for the system. Traffic data and system logs are transmitted to cloud platforms for 

monitoring and analysis. Authorities can remotely access traffic conditions and system 

performance. This also supports smart city integration and centralized traffic control. 

Emergency Handling: Manual switches allow immediate override of automated decisions 

during emergencies. When activated, the system prioritizes specific lanes, such as for 

ambulances or fire vehicles. Signals are adjusted instantly to allow uninterrupted passage. This 

ensures safety and responsiveness in critical situations. 

4. Results and Discussion 

The results of the proposed smart traffic control system demonstrate its effectiveness in 

managing dynamic traffic conditions using real-time sensor inputs and intelligent decision-

making. The system successfully adapts signal timings based on vehicle density, reducing 

unnecessary waiting time at intersections. Integration of the AI-based model further enhances 

performance by predicting congestion patterns and enabling proactive control. Experimental 

observations indicate improved traffic flow, especially during peak hours, compared to 

traditional fixed-timing systems. The implementation also ensures quick response to emergency 

situations through manual override mechanisms. Additionally, real-time monitoring and cloud 

connectivity provide better visibility and control for traffic authorities. 

 
Figure 3: Hardware Implementation of AI-Based IoT smart traffic signal control system 

Figure 3 illustrates the real-time hardware implementation of an intelligent traffic signal control 

system integrating sensing, processing, and communication modules. The setup depicts 

multiple IR sensors interfaced with a microcontroller to capture live vehicular movement data 

from different lanes. The microcontroller acts as the central processing unit, executing 

embedded logic and coordinating data flow between input and output components. A display 

module is incorporated to provide continuous system feedback, including traffic status and 
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signal timing information. The configuration also demonstrates manual control interfaces and 

signal indication modules, enabling both automated and override operations. Furthermore, the 

interconnected architecture highlights seamless communication between sensing units and 

processing elements, supporting adaptive traffic management and real-time decision-making. 

 
Figure 4: LCD Display Output Showing Real-Time Traffic Status and Signal Information 

Figure 4 depicts the output visualization of the system through a 16x2 LCD module, presenting 

real-time traffic monitoring data and signal control information. The display interface reflects 

processed inputs received from the microcontroller, indicating dynamic traffic conditions and 

corresponding system responses. It serves as a human-readable output unit that continuously 

updates operational parameters such as lane status, signal phases, and timing sequences. The 

LCD module is integrated using serial/I2C communication, ensuring efficient data transfer and 

minimal wiring complexity. This visual feedback mechanism enhances system transparency 

and supports effective monitoring of adaptive traffic signal operations in real-time. 

 
Figure. 5: Serial monitor output showing real-time traffic data and density classification 

Figure 5 illustrates the real-time data monitoring interface displayed through the serial 

communication console, capturing continuous input from the traffic sensing system. The output 

presents raw sensor readings corresponding to multiple lanes, indicating vehicle detection status 

in a structured numerical format. Based on these inputs, the system performs on-the-fly analysis 

to classify traffic density levels, which are displayed alongside the raw data. The repetitive and 

time-sequenced output demonstrates continuous data acquisition, processing, and updating of 

traffic conditions. This interface serves as a debugging and validation tool, enabling developers 

to observe system behavior, verify sensor accuracy, and monitor decision-making performance 

in real time 
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5. Conclusion 

Traffic congestion remains a critical challenge in modern urban environments, requiring 

intelligent and timely solutions to ensure smooth mobility and public safety. The proposed 

system effectively addresses this issue by introducing an adaptive and automated traffic control 

mechanism capable of dynamically responding to real-time road conditions. By prioritizing 

emergency vehicles such as ambulances, fire trucks, and police units, the system significantly 

reduces response time and ensures uninterrupted passage through congested intersections. This 

not only enhances operational efficiency but also plays a vital role in saving lives during critical 

situations. Furthermore, the implementation reduces the dependency on manual traffic 

management, minimizing human effort and the possibility of errors. The integration of sensors, 

microcontrollers, and intelligent decision-making algorithms enables a reliable and scalable 

solution suitable for smart city infrastructures. The system promotes disciplined traffic flow, 

reduces delays, and contributes to lower fuel consumption and environmental impact. This 

research represents a meaningful step toward building a safer and more responsive 

transportation ecosystem. By leveraging technology to address real-world challenges, it 

emphasizes the importance of prioritizing emergency response and reflects a progressive move 

toward a responsible and human-centric society. 
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