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Abstract- Nowadays, there are traffic incidents at hairpin bends in mountainous areas have emerged as a
significant safety issue, as limited visibility and sharp turns heighten the likelihood of accidents. Recent statistics
indicate that accidents related to hairpin bends represent about 15% of all road incidents in hilly regions. In India
specifically, the National Crime Records Bureau (NCRB) reported more than 5,200 accidents on steep and curved
roads in 2022, leading to over 1,800 deaths and around 3,500 injuries. A considerable number of these accidents
involve large vehicles, such as trucks and buses, which face challenges with blind spots and sudden turns,
resulting in serious collisions.

To overcome this problem, the paper suggests implementing an advanced alert system to improve driver
awareness through image processing with Raspberry Pi, proximity sensors, LCD displays , and a voice alert
feature. The system tracks uphill traffic, identifies large vehicles, and offers real-time alerts to oncoming drivers,
thereby decreasing the chances of abrupt stops and head-on collisions. By combining automated vehicle detection
with live warnings, this approach seeks to lower accident rates, enhance road safety, and optimize traffic
management on perilous hairpin turns.

LINTRODUCTION

Hairpin turns in mountainous regions present significant safety hazards due to limited visibility and the difficulties
associated with maneuvering large vehicles. Accidents often occur when vehicles, especially trucks and buses,
approach blind curves without knowledge of traffic coming from the opposite direction. The combination of steep
gradients, sharp corners, and unpredictable vehicle behavior further heightens the chances of collisions. To address
this issue, an advanced alert system is proposed to increase the road safety by providing real-time traffic cup dates
and proactive notifications. The system track s traffic movement on the uphill side and broadcasts live video on the
downhill approach, delivering visual and audio alerts to inform drivers about the presence of large vehicles or
traffic jams ahead. By using Raspberry Pi-based image analysis and proximity sensors, the system guarantees
precise vehicle detection and monitors traffic flow.

Moreover, when significant traffic builds up on the downhill side, an early warning at the previous bend gives
vehicles the chance to slow down, reducing the risk of abrupt stops and accidents. This system aims to enhance
safety and efficiency on hairpin turns by increasing driver awareness and improving traffic management. With its
capacity to provide real-time, automated alerts, the proposed solution presents a dependable and effective approach
to preventing collisions and alleviating congestion in high-risk road settings.

II. INTEGRATED SYSTEMS
The system provides real-time traffic monitoring and alerting mechanisms by integrating hardware and software

components to improve road safety on hairpin bends. When several technologies are used, precise vehicle
identification, effective data processing, and efficient alerts to drivers approaching dangerous curves. The system's
hardware consists of a Raspberry Pi 4, which serves as the primary processing unit, along with a Raspberry Pi
Camera Module that captures live video to identify large vehicles such as buses and trucks.

An ultrasonic sensor is incorporated to track vehicle movements and detect traffic jams. To facilitate wireless
data transmission, a Node MCU module is included, ensuring that alerts are dispatched promptly. To warn
drivers, the setup features an LCD display for visual notifications, a speaker for audio alerts, and a buzzer for an
additional sound signal. A Micro SD card is utilized for and a reliable power source that keeps the system
operating continuously. On the software side, Rasping serves as the operating system for the Raspberry Pi, while
Python is employed for programming and managing the system. To effectively identify vehicles, the solution
uses YOLO (You Only Look Once), a real- time object detection algorithm.

Additionally, Open CV is leveraged for image processing, which enhances the accuracy of detection. Once a
vehicle is identified, the system analyzes the information and transmits alerts via Node MCU, ensuring that
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drivers are notified in a timely manner. By merging image processing, sensor-based detection, and wireless
communication, this system offers an effective and automated way to avert accidents on sharp curves. The
combination of YOLO-based object detection, ultrasonic sensors, and real-time notifications creates reliable and
economical method for enhancing road safety on hairpin turns.

HI.PRECISION AND INNOVATION

The system introduces a new standard of accuracy and creativity in road safety through the use of cutting-edge
technology to enhance traffic monitoring and reduce accidents at hairpin turns. In contrast to conventional
warning signs that remain static regardless of road conditions, this system evaluates traffic in real time, enabling
drivers to respond more effectively to possible hazards. Utilizing YOLO (You Only Look Once) object detection,
it can swiftly and precisely recognize vehicles, differentiating between smaller and larger ones. Coupled with
ultrasonic sensors, it guarantees that even vehicles in blind spots are monitored, enhancing safety in areas with
limited visibility.

To make sure drivers receive prompt warnings, the system employs a comprehensive alert system, including
LCD screens, auditory alerts, and buzzer signals. These notifications are refreshed in real time, facilitated by
Node MCU, which supports seamless wireless communication across various components of the system. This
ensures that drivers are consistently informed about approaching traffic, minimizing the likelihood of sudden
stops or accidents. Another significant advancement is the integration of edge computing with Raspberry Pi,
enabling all data processing to occur locally without depending on cloud servers. This allows for immediate
decision-making, making the system both swift and dependable. Given its cost-effectiveness and scalability, it
can be easily deployed in numerous locations, presenting a practical and efficient solution for enhancing safety
on hazardous roads. By merging intelligent technology with tangible applications, this system offers a
contemporary, data-oriented strategy for accident prevention and traffic management.

IV.LITERATURE REVIEW

1.Title: In their study "Safety Enhancement in Hairpin Bend Roads Using IoT-Based Alert Systems" published in
the International Journal of Traffic Safety in 2022, Sharma et al. investigated the impact of real-time monitoring
systems in accident-prone areas. The study introduced a sensor-based detection mechanism to identify
approaching vehicles on sharp turns and relay alerts through LED displays. Their findings highlighted the
efficiency of proximity sensors in preventing blind-spot collisions but also noted limitations in adaptability to
varying traffic conditions.

2.Title: In the paper "Smart Traffic Management for Mountainous Roads" published in the Journal of Intelligent
Transportation Systemsin2021,Lee and Park explored the use of computer vision and machine learning to predict
traffic congestion and detect vehicle movement in low-visibility zones. The study emphasized the accuracy of
YOLO-based object detection in real-time vehicle recognition and demonstrated its advantages over traditional
image Processing techniques. However, the system's reliance on high- speed internet was identified as a challenge
in remote locations.

3.Title: In the research article "Collision Prevention Strategies for Curved Roadways: A Sensor-Based Approach”
published in the IEEE Sensors Journal in 2020, Kumar et al. analyzed the effectiveness of ultrasonic and infrared
sensors in reducing accidents on curved roads. The study demonstrated that ultrasonic sensors provided high-
precision vehicle detection at short ranges, making them suitable for blind turns. However, it also pointed out the
need for multi-sensor integration to improve detection accuracy in varying weather conditions.

4.Title: In their work "Early Warning Systems for Road Safety: A Case Study on Mountain Passes" published in
the Transportation Research Journal in2019, Roberts and Evans examined the role of wireless communication
technologies in preventing collisions on steep roads. Their study focused on Node MCU-based real-time alert
systems, which transmitted data to drivers via connected displays and mobile alerts. While the research proved the
effectiveness of real-time communication, it also highlighted latency issues in transmitting alerts under heavy
traffic conditions.

5.Title: In the study "Integration of IoT and AI for Traffic Safety in Hazardous Zones" published in Smart
Mobility Journal in 2018, Zhang et al. explored the combination of IoT sensors, Al-based image analysis, and

automated alert mechanisms to enhance road safety. The findings supported the use of Raspberry Pi-based
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processing units for quick data computation and real-time alerts. Despite its potential, the study pointed out high
power consumption as a limiting factor in continuous operation.

V.SYSTEM DESIGN

To ensure road safety on hairpin bends, it is essential to have a well- coordinated system that integrates advanced
hardware and software components for real-time traffic monitoring and alerting drivers. Hairpin bends, especially
in mountainous areas, present significant dangers due to restricted visibility, steep inclines, and erratic vehicle
movements. Accidents frequently happen when drivers, particularly those of larger vehicles like trucks and buses,
are unaware of vehicles approaching from the opposite direction. To address this concern, an intelligent system to
detect vehicle movement, assess congestion, and provide timely alerts to drivers, thereby decreasing the likelihood
of abrupt stops and collisions. The Raspberry Pi 4 serving as the main processing unit that manages real-time data
collection and analysis. A Camera Module constantly records live video of the roadway, utilizing an advanced
YOLO-based object detection method to recognize large vehicles and monitor their movements. This Al-driven
detection system guarantees precision in detecting vehicles allowing for effective alert generation. Moreover, an
ultrasonic sensor is employed to identify vehicles at designated points along the route, thereby improving the
system's accuracy and ensuring a comprehensive monitoring setup. To facilitate real-time communication among
all system components ,a Node MCU module has been integrated, enabling efficient wireless data transmission..
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Fig.1.Block Diagram

As shown in Fig. 1, the system combines various output devices to alert drivers in real-time. A combination of a
buzzer and a speaker delivers audible alerts, which are essential for ensuring that drivers receive notifications
even in scenarios where visibility is low or distractions occur. Furthermore, an LCD screen showcases visual
alerts, providing live footage and textual notifications that inform drivers about approaching vehicles or traffic
delays. This blend of audio and visual cues guarantees that all drivers, regardless of their level of attention, are
informed of critical warnings. The system operates on a reliable power source, which guarantees continuous
functionality even in remote locations. With its wireless connectivity, the system allows for remote supervision
and control, making it suitable for various road conditions and environments. By unifying these components into
one comprehensive system, this solution enhances road safety by boosting driver awareness, reducing risks
associated with blind spots, and contributing to better traffic management.

Traffic Density vs. Time at Hairpin Bend
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Fig.2.Traffic Density at Time intervals

The above graph shows the Traffic density at various time intervals in Hairpin Bends. As per the Fig2,6 pm has
peak traffic density, So most of the accidents occur at the particular time. To prevent those accidents, the
innovative traffic monitoring and alert system is designed to significantly lower the chances of accidents on
winding roads by providing a proactive solution instead of depending exclusively on traditional road signs and
driver instincts. The incorporation of Al-based detection, real-time data analysis, and immediate notifications
positions this system as a crucial enhancement to contemporary road safety measures, ensuring that drivers can
navigate difficult curves with increased confidence and awareness of their surroundings.

VI. HARDWARE DESCRIPTION
The system consists of multiple hardware components to enable real- time vehicle detection, traffic monitoring, and
alert generation. Each component plays a vital role in ensuring the system's efficiency, reliability, and
responsiveness.

S.No Component Specification Function
1. Raspberry Pi4 1.5 GHz Quad-Core, 4GB RAM Processing & Decision Making
2. Raspberry Pi SMP Capturing Traffic Images
Camera
3. Ultrasonic Sensor 2- 400 cm Range Detecting Vehicle Presence
4. Node MCU Wi Fi Module Wireless Data Transmission

1. Raspberry Pi:

The Raspberry Pi 4 is a small yet powerful single-board computer that serves as the main processing unit for the
system. It contains a quad-core Cortex - A72 processor, 4GB of RAM, USB 3.0 ports, and various GPIO pins,
allowing it to effectively manage real-time image processing and sensor data collection. When Raspberry Pi 4
processes video streams from the camera module, identifies vehicles

Using object detection techniques, and interacts with other hardware components to issue alerts. Its high
processing power guarantees precise and rapid analysis of traffic conditions.

2. Raspberry Pi Camera Module:

The Camera Module is a crucial element for capturing images and streaming video in real-time. It includes a SMP
sensor that can record 1080p HD video, making it ideal for supervising traffic and identifying vehicles on hairpin
curves. This module attaches to the Raspberry Pi through the port CSI (Camera Serial Interface), which allows for
rapid data transfer with minimal delay. It delivers clear and detailed images, facilitating accurate object
recognition using the YOLO algorithm. By capturing live footage of oncoming vehicles, the Camera Module
enables the system to provide timely notifications, enhancing road safety and decreasing the risk of accidents on
sharp bends.

3. Ultrasonic Sensor:

The Ultrasonic Sensor is utilized for detecting vehicles and obstacles by gauging distances through the reflection of
sound waves. It aiding the detection of oncoming vehicles and activating alerts as needed. Incorporating an
ultrasonic sensor into the system enhances the accuracy of detections and boosts overall safety by providing real-
time distance measurements, enabling timely warnings for drivers.

4. Node MCU:

The Node MCU is a microcontroller based on ESP8266 that enables wireless communication among various
system components. Its main function is to send sensor data to the Raspberry Pi and convey alert messages to the
display and audio systems. A significant benefit of the Node MCU is its integrated Wi-Fi capabilities, which allow
the system to function without needing extra network infrastructure.

5. LCD Display:
The LCD Display serves the important road safety notifications to motorists. It is deliberately positioned at critical
points along the hairpin turns to provide real-time updates regarding oncoming vehicles, traffic jams, or other
potential dangers.

6.Buzzer:
The Buzzer is a supplemental short-range alert system designed to emit immediate warning sounds when a vehicle
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is identified at a critical location. In contrast to the speaker, which delivers voice alerts, the buzzer generates high-
frequency beeps that quickly capture a driver’s attention. The primary alerts shown on the LCD and announced
through the speaker.

VIL.SOFTWARE DESCRIPTION
A. About Software:

1. Raspbian OS
Raspbian OS is a lightweight Debian based operating system, specifically designed for devices like the Raspberry

Pi. It offers a stable and optimized platform for real-time data processing, hardware management, and networking
functions. As an open- source solution, it provides opportunities for customization and supports a broad spectrum
of software libraries and development tools, making it an excellent option for embedded systems and Internet of
Things projects. A major benefit of Raspbian OS is its capability for multi-threading, which allows for effective
management of concurrent tasks such as image processing, sensor data collection, and screen updates.

This ensures seamless operation without interruptions, even when multiple tasks are active. Furthermore, the OS
is equipped with built-in support for Python, Open CV, and machine learning frameworks, making it particularly
well-suited for computer vision applications like real-time vehicle detection with YOLO. Due to its optimization
for low power usage, Raspbian OS improves the efficiency of systems intended to operate continuously for
extended durations. Its robust security measures and consistent performance guarantee that the system remains
operational even in challenging environmental conditions. Additionally, the extensive community backing and
regular updates make Raspbian OS a dependable and scalable option for embedded computing solutions.

2. Python Programming

Python serves as the main programming language for executing the system's logic, processing sensor data, and
managing alert protocols. It allows for straightforward integration with Open CV for image processing, GPIO
libraries for sensor interactions, and machine learning models for detecting vehicles. The Python scripts handle
real-time processing of the camera feed, activate suitable alerts based on sensor data, and facilitate communication
among various hardware components such as LCD screens, speakers, and buzzers. Due to its flexibility and
straightforward debugging capabilities, Python is an excellent option for developing intricate embedded systems.

3.YOLO
YOLO (You Only Look Once) operates by analyzing an entire image in single pass through a neural network,

making it one of the swiftest object detection techniques available. It splits the image into cells, where each cell
predicts several bounding boxes, along with their confidence levels and class probabilities. Unlike conventional
object detection approaches that handle region proposals and classification separately, YOLO considers object
detection as a single regression task, directly linking image pixels to class probabilities and bounding boxes.

Sx8 Goridd om Tnput Detections

o
Class Probabiliny Map

When an image as shown in (fig.2) is input into the YOLO model, it utilizes a deep convolution neural network
(CNN) to extract features. Each grid cell is tasked with detecting objects whose central point lies within that cell.
The model generates multiple bounding boxes for each cell, but only those with sufficient confidence scores are
recognized as valid detections. Confidence scores reflect the likelihood that abounding box contains an object and
how precisely it has been located. Non-Maximum Suppression (NMS) is subsequently utilized to eliminate
overlapping boxes, ensuring that only the most accurate detections remain. In this project, YOLO is leveraged to
identify large vehicles, like trucks and buses, on hairpin bends. Live video footage captured by the Raspberry Pi
Camera is processed using YOLO to recognize incoming vehicles in real-time. Upon detection, the system
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activates alerts through an LCD display and a voice notification system, delivering warnings to drivers
approaching the curve. This facilitates proactive safety measures, minimizing the risk of collisions on sharp turns
by informing drivers of oncoming traffic well ahead of time.

Fig.3 YOLO Flow Chart
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The steps as shown in Fig. 3 implemented for Image Processing in YOLO algorithm to process the image and
prediction of predicted result.

Start: The system initializes and begins the object detection process. This includes setting up hardware components
such as the Raspberry Pi and the camera module.

Get Input Frame from Camera: The Raspberry Pi Camera Module captures live video frames, which serve as the
input for object detection.

Divide the Input Image into Grids: The captured image is divided into a fixed grid, where each grid cell is
responsible for detecting objects within its region.

Image Classification and Localization: Each grid cell processes the image to identify objects using the YOLO
algorithm. The model predicts multiple bounding boxes along with confidence scores, classifying the detected
objects.

Display the Predicted Result: Once objects are identified, the system displays the detection results, including
bounding boxes and class labels. This information is used to trigger alerts on the LCD display and voice warning
system for enhanced road safety.

B. Configuration:

Establishing the system involves careful coordination of hardware and software components to guarantee real-time
processing and efficient functionality. The hardware configuration includes deploying the Raspberry Pi 4 as the
main processing unit, tasked with executing detection algorithms and handling alerts. The Camera Module is set up
to capture live video footage, with its resolution and frame rate optimized for accurate object recognition. Ultrasonic
sensors are placed at strategic points to detect on coming vehicles, with defined threshold values established to
activate alerts. The Node MCU module is programmed to manage wireless data transmission between sensors and
display units, ensuring smooth real-time communication. The LCD display and speaker are arranged to offer visual
and audio notifications, while a buzzer is connected to deliver immediate sound alerts when required.

On the software side, Raspbian OS isolated on to the Raspberry Pi to provide a robust and efficient operating
system. Necessary libraries and dependencies are set up to ensure compatibility with the connected hardware
components. Python is used for processing sensor information, implementing detection algorithms, and managing
alert systems. The system employs the YOLO (You Only Look Once) algorithm for real-time object detection,
utilizing a pre- trained model tailored or accurate vehicle recognition. Confidence thresholds are fine-tuned to
reduce false detections and enhance reliability.
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VIILHARDWARE INTEGRATION

Combining various hardware components into a cohesive system is vital for enabling smooth operation and
efficient real-time traffic monitoring. The Raspberry Pi 4 serves as the main process in gun it, facilitating
communication among all sensors and output devices. It collects live data from the Raspberry Pi Camera Module,
which constantly captures images of the roadway to identify oncoming vehicles. The camera feed is analyzed
using the YOLO object detection algorithm, allowing for precise recognition of large vehicles like trucks and
buses. This capability enables the system to evaluate potential hazards and issue timely warnings to drivers
approaching the hairpin curve. To improve detection accuracy and ensure thorough monitoring, ultrasonic sensors
are placed strategically to assess the distance of incoming vehicles. These sensors function by enabling the system
to gauge vehicle proximity.

The Raspberry Pi processes this information in real-time, deciding whether to trigger an alert based on
established thresholds. Additionally, the system features the Node MCU module, which is essential for
facilitating wireless communication between various components. By leveraging Wi-Fi connectivity, the Node
MCU guarantees that traffic data and alerts can be swiftly transmitted without the need for extensive cabling,
simplifying the system and easing installation difficulties. To effectively notify drivers, the system employs both
visual and audio signaling methods. An LCD display is installed at crucial points to deliver real-time information
regarding approaching vehicles or traffic jams. Furthermore, a speaker and buzzer system produces voice and
sound alerts, ensuring drivers receive warning seven under poor weather conditions or low visibility. The
integration of these alerts enhances driver awareness and helps to lower the risk of accidents. Power management
is another essential factor in hardware integration. The system is engineered to operate efficiently with a reliable
and uninterrupted power source, guaranteeing ongoing monitoring and alert capabilities. Battery backups and
voltage regulation measures are in place to prevent system failures caused by power fluctuations, thereby boosting
system reliability. Each component is meticulously configured and tested to ensure effective communication
among hardware modules.

The Raspberry Pi functions as the primary controller, gathering input from sensors, applying sophisticated
detection algorithms, and sending signals to the output devices, which enables a unified and fully automated
safety system designed to prevent accidents on hairpin bends. The successful integration of these hardware
elements ensures that the system operates effectively, delivering real-time traffic updates and proactive alerts to
drivers, ultimately enhancing road safety in perilous mountainous areas.

IX.RESULT AND DISCUSSION

The implementation of the sophisticated alert system for hairpin turns has shown encouraging outcomes in
improving road safety through real-time traffic surveillance and proactive alerts. The system effectively identifies
large vehicles like trucks and buses that are approaching the turn, utilizing Raspberry Pi-based image processing
paired with the YOLO object detection algorithm. This guarantees that drivers receive timely warnings, which
helps lower the chance of collisions caused by limited sightlines. During the testing phase, the Raspberry Pi
Camera Module adeptly captured live footage of the road, while the YOLO algorithm proficiently recognized
vehicles, obtaining a high detection rate with very few false positives. The addition of ultrasonic sensors further
refined detection accuracy by assessing vehicle closeness, ensuring thorough traffic flow monitoring. The LCD
display and speaker system successfully communicated alerts to drivers approaching the bend, enabling them to
modify their speed and navigate safely through the curve. A key take away was the notable enhancement in
driver reaction times. The simultaneous display of traffic updates and audio alerts allowed drivers to implement
safety measures well ahead of time. Furthermore, the Node MCU module provided smooth wireless
communication, guaranteeing that alerts were sent out without delay.
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Feature Traditional Safety Proposed System
Measures

Detection Manual observation, Al-based YOLO object

Method roadside mirrors detection

Alert Static warning signs Real-time visual and audio

Mechanism alerts

Traffic No live tracking Live video feed with

Monitoring Raspberry Pi

Response Slow, dependent on driver| Instant alerts upon vehicle

Time reaction detection

Efficiency Limited effectiveness in | High accuracy in detecting
blind spots large vehicles

Table.2 Comparison Table

The above table 2 shows the comparison between Traditional and the proposed system and the output analysis for
both the system and its impacts. This wireless configuration reduced the necessity for intricate wiring, enhancing
the system's efficiency and scalability. The analysis of results emphasizes that the suggested system proficiently
decreases the likelihood of accidents on hairpin turns by boosting driver awareness. The synchronization of image
processing, proximity detection, and real-time alert systems proved to be a dependable method in hazardous road
environments. Nonetheless, specific challenges such as poor weather conditions impacting camera visibility and
sensor precision were observed. Future enhancements may incorporate thermal imaging cameras and Al-driven
predictive analysis to further elevate detection capabilities. In summary, the results indicate that the integrated
system substantially enhances safety on hairpin bends, offering an innovative and automated approach to reduce
road accidents in mountainous areas. The effective implementation of this system hints at potential uses in other
dangerous road scenarios where visibility and maneuvering are vital considerations.

X.CONCLUSION AND FUTURE SCOPE

The proposed advanced warning system for hairpin turns has effectively showcase disability to bolster road safety
through real- time vehicle monitoring and proactive notifications for drivers. By utilizing Raspberry Pi-based
image processing, ultrasonic sensors, LCD screens, and an audio alert mechanism, this solution enhances driver
awareness, decreasing the chances of accidents on sharp bends with poor visibility. The application of the YOLO
object detection method has greatly enhanced the precision in recognizing large vehicles, ensuring that timely
alerts are communicated to oncoming drivers. The findings reveal that this method serves as a dependable and
automated strategy for preventing accidents on hairpin curves, helping to mitigate risks linked to steep slopes and
blind corners. Furthermore, the system has exhibited efficient traffic management functionalities , averting a burp
that is and congestion by offering advance notifications regarding road conditions.

System Response Time Comparison
30+t

25
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15|

Response Time (Seconds)

Manual Alert Proposed System
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Fig 4.System Response Time Comparison
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The Figure 4 shows the effectiveness of our system in the future world. It will give the positive impact as well.
Although it has proven effective, there is still room for further improvements to make the system more adaptable
to varying environmental circumstances. A critical area for enhancement lies in weather responsiveness, as
challenging conditions like dense fog, rain, or snow can impact the visibility of cameras and precision of sensors.
The incorporation of thermal imaging cameras or Li DAR technology could greatly enhance detection capabilities
in low- visibility scenarios. Additionally, the system could be upgraded with Al-driven predictive analytics to
evaluate vehicle speed, road conditions, and traffic levels, facilitating more accurate and dynamic alerts. Machine
learning techniques could be applied to scrutinize previous accident trends, assisting authorities in implementing
preventive actions based on live risk evaluations.

Another possible improvement is the integration of vehicle-to- infrastructure (V2I) communication, which would
enable connected vehicles to receive direct notifications through onboard systems.
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