International Journal of Electrical, Electronics and Computer Systems 15(1s) 2026

Smart Signal System for Blind Curves


	
[image: ]
	International Journal of Electrical, Electronics and Computer Systems
ISSN: 2347-2820
Volume 15 Issue 1s (2026) | Pages: 119-123



Smart Signal System for Blind Curves
Harshal kedari1, Sunjit kabla2, Sanket gade3, Parag yewale4, Gargi khadse5
1,2,3,4,5 Dept of Civil Engineering, Genba Sopanrao Moze College of Engineering, Balewadi Pune
	
Peer Review Information

Type: Article
Received: 13 February 2026
Revised: 14 March 2026
Accepted: 15 April 2026
Published: 19 May 2026
	
Abstract

This paper presents a Smart Signal System for Blind Curves designed to improve road safety and reduce accidents occurring at sharp bends, hilly roads, and low-visibility areas. Blind curves are highly accident-prone zones because drivers approaching from opposite directions are unable to clearly observe oncoming vehicles, leading to sudden collisions and traffic hazards. To address this problem, the proposed system utilizes intelligent sensing and automated signaling technologies to provide real-time vehicle detection and warning mechanisms. The developed system incorporates Infrared (IR) sensors, Arduino-based microcontrollers, LED signal lights, and buzzer alarm systems to continuously monitor vehicle movement on both sides of the blind curve. The IR sensors detect approaching vehicles and send signals to the Arduino controller, which processes the information and automatically activates warning indicators. When a vehicle is detected on one side of the curve, the signal light on the opposite side turns RED to alert incoming drivers, while the signal on the detected vehicle side remains GREEN, allowing safe passage. Simultaneously, a buzzer alarm may activate to provide additional audio warnings, especially useful during nighttime driving or adverse weather conditions such as fog and heavy rain. The proposed Smart Signal System operates automatically without requiring human intervention, thereby minimizing human error and improving traffic management efficiency. The system is cost-effective, energy-efficient, compact, and easy to install in accident-prone areas such as mountainous roads, tunnels, village roads, and narrow highways. Experimental observations and testing indicate that the system effectively detects vehicles, generates timely warnings, and significantly reduces the possibility of collisions at blind curves.
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Introduction
Road accidents at blind curves are a major concern in transportation and traffic safety engineering, particularly in hilly terrains, mountainous regions, sharp road bends, tunnels, and narrow highways where visibility is severely restricted. At blind curves, drivers approaching from opposite directions are unable to clearly observe oncoming vehicles due to obstacles such as terrain, roadside vegetation, buildings, or the geometric design of the road. As a result, vehicles often encounter each other suddenly, leading to serious accidents such as head-on collisions, skidding, overturning, and loss of vehicle control. These accidents frequently result in severe injuries, fatalities, traffic congestion, and significant economic losses.
The problem becomes more critical in regions with heavy traffic flow and challenging environmental conditions. During nighttime driving or adverse weather conditions such as fog, heavy rainfall, snowfall, or dust storms, driver visibility is further reduced, increasing the probability of accidents at blind curves. Drivers may also fail to react in time due to overspeeding, driver fatigue, distraction, or poor judgment. In many rural and hilly areas, roads lack advanced traffic management infrastructure, making blind curves one of the most hazardous sections of transportation networks.
Traditional road safety measures such as convex mirrors, reflective road signs, caution boards, speed breakers, and warning signals are commonly installed near blind curves to improve driver awareness. Although these systems provide basic warnings, they are often ineffective because they rely entirely on human attention and visibility conditions. Convex mirrors may become unclear due to dust, rain, or fog, while warning signs can be ignored by drivers or may not be visible during nighttime. Moreover, conventional systems do not provide real-time information regarding approaching vehicles, limiting their effectiveness in preventing sudden collisions.
To overcome these limitations, intelligent and automated road safety systems are increasingly being developed using embedded electronics, sensors, and intelligent transportation technologies. Such systems are capable of continuously monitoring road conditions, detecting vehicle movement in real time, and automatically alerting drivers before they enter dangerous zones. Automated traffic safety mechanisms reduce dependence on human judgment and improve response time, thereby minimizing the risk of accidents.
The proposed Smart Signal System for Blind Curves is designed as an intelligent accident prevention solution that integrates sensor-based vehicle detection with automated signaling mechanisms. The system utilizes sensors such as IR sensors, ultrasonic sensors, or motion detectors to identify approaching vehicles from opposite sides of a blind curve. Once a vehicle is detected, the system automatically activates warning signal lights and alarm systems to alert drivers about oncoming traffic. This real-time warning mechanism enables drivers to slow down, maintain safe distances, and proceed cautiously through the curve.
The system is developed using Arduino-based microcontrollers due to their low cost, flexibility, and ease of implementation. The automated operation minimizes human intervention and improves overall traffic safety. Additionally, the system is compact, energy-efficient, and suitable for deployment in remote and accident-prone areas with limited infrastructure. The implementation of such intelligent systems can significantly reduce road accidents, improve traffic management efficiency, and contribute to the development of safer and smarter transportation infrastructures.
Several researchers and transportation engineers have proposed automated road safety systems using sensors, embedded systems, and intelligent transportation technologies to reduce traffic accidents and improve road management. With the rapid advancement of automation, microcontrollers, and Internet of Things (IoT) technologies, many studies have focused on developing smart traffic control systems capable of monitoring vehicle movement, managing traffic congestion, and generating accident alerts in real time.
Early traffic safety systems primarily relied on conventional traffic signals, warning boards, reflective signs, and manual monitoring methods. Although these systems improved traffic regulation to some extent, they were unable to provide dynamic and real-time responses to changing road conditions. To overcome these limitations, researchers introduced sensor-based systems using infrared (IR) sensors, ultrasonic sensors, RFID modules, and wireless communication technologies for vehicle detection and traffic monitoring applications.
Several studies have explored automated traffic signal control systems using Arduino and embedded controllers. These systems were designed to detect traffic density and automatically adjust traffic signal timing to reduce congestion and improve vehicle flow at road intersections. Other researchers developed accident detection and alert systems capable of identifying vehicle collisions and sending emergency notifications through GSM or IoT-based communication modules. Such systems enhanced emergency response time and improved post-accident management.
In recent years, intelligent transportation systems (ITS) have gained significant attention for improving road safety and reducing human error. Researchers have integrated IoT platforms, cloud computing, wireless sensor networks, and artificial intelligence techniques into transportation infrastructures for real-time traffic analysis and automated control. Some advanced systems also utilize CCTV monitoring, GPS tracking, and machine learning algorithms for vehicle detection, traffic prediction, and accident prevention.
Despite these technological advancements, limited research has been specifically focused on blind curve accident prevention systems. Most existing traffic management systems are designed for highways, urban intersections, or traffic congestion monitoring rather than hazardous blind road bends. Blind curves remain highly dangerous because drivers approaching from opposite directions cannot clearly observe incoming vehicles due to restricted visibility caused by terrain, sharp turns, vegetation, or poor lighting conditions.
A few studies have proposed basic blind curve warning systems using ultrasonic or IR sensors combined with LED indicators and alarm systems. These systems aimed to alert drivers whenever another vehicle approached from the opposite side of the curve. However, many existing models suffer from limitations such as short detection range, high implementation cost, low environmental resistance, and lack of reliability during adverse weather conditions like fog, heavy rainfall, and nighttime driving.
The proposed Smart Signal System for Blind Curves improves upon existing road safety solutions by integrating real-time vehicle detection with automated signaling and warning mechanisms. The system uses IR sensors and Arduino-based microcontrollers to continuously monitor vehicle movement on both sides of the curve and automatically activate RED and GREEN signal lights along with buzzer alarms. This approach provides immediate alerts to drivers, enabling them to slow down and proceed safely through hazardous curve zones.
Compared to conventional warning systems, the proposed system offers several advantages such as low cost, ease of installation, automation, energy efficiency, and minimal maintenance requirements. Furthermore, the system can be implemented in hilly roads, tunnels, village roads, accident-prone highways, and remote areas with limited infrastructure. The integration of intelligent sensing and automated signaling technologies makes the proposed system a practical and effective solution for enhancing road safety and reducing accidents at blind curves.
Methodology
The proposed Smart Signal System for Blind Curves is designed to reduce road accidents and improve driver safety through real-time vehicle detection and automated warning mechanisms. The methodology of the system is based on sensing vehicle movement near blind curves and providing immediate visual and audio alerts to approaching drivers. The system operates automatically without requiring manual control, thereby minimizing human error and improving traffic management efficiency.
The overall methodology consists of four main stages: vehicle detection, signal processing, warning generation, and automatic system reset. The system uses Infrared (IR) sensors installed on both sides of the blind curve to continuously monitor approaching vehicles. These sensors play a critical role in identifying vehicle movement in areas where visibility is limited due to sharp bends, hilly terrains, tunnels, or roadside obstructions.
When a vehicle enters the sensing range, the IR sensor detects the presence of the vehicle by sensing interruptions in the infrared beam. The sensor then sends an electrical signal to the Arduino microcontroller, which acts as the central processing unit of the system. The Arduino processes the received sensor data and determines the appropriate warning response based on the vehicle’s position and movement.
After processing the sensor input, the Arduino controller automatically activates the traffic signaling system. The signal light on the opposite side of the blind curve turns RED, warning approaching drivers that another vehicle is currently passing through the curve. Simultaneously, the signal light on the detected vehicle’s side remains GREEN, allowing that vehicle to continue safely. This automated signal coordination helps prevent vehicles from entering the blind curve simultaneously and significantly reduces the possibility of head-on collisions.
In addition to visual signal indications, the system may also activate a buzzer or alarm unit to provide audio warnings to drivers. The buzzer enhances driver awareness, especially during poor visibility conditions such as fog, rain, snowfall, or nighttime driving where visual signals alone may not be sufficient. The combined use of LED signals and audio alerts improves overall system effectiveness and road safety.
Once the vehicle safely passes through the blind curve and exits the sensor detection range, the IR sensor no longer detects movement. The Arduino controller then automatically resets the system to its default operating condition. Both signal lights return to their normal state, preparing the system for the next approaching vehicle. This automatic reset mechanism ensures continuous and uninterrupted system operation.
Results and Discussion
The proposed Smart Signal System for Blind Curves was successfully designed and tested to evaluate its effectiveness in detecting approaching vehicles and generating automated warning signals. Experimental observations showed that the system accurately identified vehicle movement on both sides of the blind curve using IR sensors and provided timely visual and audio alerts to drivers. The integration of Arduino-based automation enabled smooth coordination between sensors, signal lights, and buzzer alarms, ensuring reliable system operation without human intervention.
During testing, the IR sensors continuously monitored vehicle movement near the blind curve. Whenever a vehicle entered the sensing range, the Arduino microcontroller immediately processed the sensor signal and activated the corresponding warning indicators. The RED signal light on the opposite side of the curve alerted incoming drivers about approaching traffic, while the GREEN signal remained active for the detected vehicle. In addition, the buzzer alarm successfully generated audio warnings, further improving driver awareness and safety under low-visibility conditions such as fog, rain, and nighttime driving.
The experimental results demonstrated that the proposed model effectively reduced the possibility of collisions at blind curves by preventing vehicles from entering hazardous zones simultaneously. Drivers received advance warnings before reaching the curve, enabling them to reduce speed and proceed cautiously. The automated operation of the system minimized dependence on human judgment and reduced the risk of accidents caused by delayed driver reaction or poor visibility.
Another important outcome of the study is the cost-effectiveness and energy efficiency of the proposed system. The model was developed using low-cost components such as Arduino microcontrollers, IR sensors, LEDs, and buzzers, making it affordable and suitable for practical implementation in both urban and rural transportation infrastructures. The compact design and low power consumption also make the system highly energy-efficient, allowing future integration with renewable energy sources such as solar panels for continuous operation in remote areas.
The proposed system is particularly suitable for installation in hilly roads, tunnels, mountainous regions, village roads, sharp highway bends, and other accident-prone locations where visibility is limited. The simplicity of the design ensures easy installation, operation, and maintenance compared to complex traffic monitoring systems. Furthermore, the automated signaling mechanism can significantly improve traffic management and transportation safety in areas lacking advanced road safety infrastructure.
However, certain practical limitations were also observed during testing. The performance of IR sensors may be affected by environmental factors such as heavy rain, dust, fog, extreme sunlight, or obstacles blocking the sensor path. Sensor detection range and accuracy may also vary depending on vehicle speed and road conditions. Therefore, proper sensor placement, regular maintenance, and protective casing are essential for reliable operation. Additionally, uninterrupted power supply is necessary to ensure continuous system functionality, especially in remote or rural locations.
Despite these limitations, the overall results indicate that the proposed Smart Signal System for Blind Curves is an effective, reliable, and practical solution for improving road safety and reducing traffic accidents. The system demonstrates significant potential for real-world implementation and can contribute to the development of intelligent transportation systems and safer road infrastructures in the future.
Conclusion
The proposed Smart Signal System for Blind Curves provides an intelligent, automated, and cost-effective solution for improving road safety in areas with limited visibility such as hilly terrains, sharp road bends, tunnels, and accident-prone highways. The system successfully integrates IR sensors, Arduino-based microcontrollers, LED signal lights, and buzzer alarm systems to detect approaching vehicles and provide real-time warnings to drivers. By continuously monitoring vehicle movement and automatically generating visual and audio alerts, the system significantly reduces the risk of head-on collisions and improves driver awareness near dangerous blind curves.
The experimental results demonstrated that the proposed system operates efficiently and responds quickly to vehicle detection events. The automated signaling mechanism helps drivers make safer decisions before entering hazardous road sections, thereby reducing dependence on human judgment alone. Compared to traditional warning methods such as mirrors, road signs, and caution boards, the proposed system offers a more reliable and dynamic approach to accident prevention, especially during adverse weather conditions and nighttime driving.
One of the major advantages of the system is its simplicity, affordability, and ease of implementation. The use of low-cost electronic components such as Arduino controllers, IR sensors, LEDs, and buzzers makes the system suitable for deployment in both urban and rural transportation infrastructures. In addition, the system is energy-efficient, compact, and requires minimal maintenance, making it practical for long-term real-world applications.
The proposed Smart Signal System also contributes to the development of intelligent transportation systems (ITS) aimed at enhancing traffic management and public safety. The system can be effectively installed in mountainous roads, village roads, industrial areas, tunnels, and sharp highway curves where visibility problems frequently cause accidents.
Future improvements may include the integration of Internet of Things (IoT) technologies, wireless communication systems, solar-powered energy sources, mobile alert applications, CCTV monitoring, and artificial intelligence-based traffic analysis. These advancements can further improve system efficiency, remote monitoring capabilities, and predictive accident prevention mechanisms.
Overall, the proposed Smart Signal System for Blind Curves represents a practical, innovative, and efficient approach for reducing road accidents, improving transportation safety, and supporting the development of smarter and safer road infrastructures.
[image: ]
Fig. 1. Smart Signal System for Blind Curves
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