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ABSTRACT: In today’s fast-paced world, the number of vehicles on roads is growing at an exponential rate, 

contributing to increased traffic congestion and a higher likelihood of accidents. Among various causes of road 

accidents, unsafe overtaking—often referred to as over-strip—remains a significant contributor, especially on two-lane 

roads and highways where vehicles must cross into opposing lanes to pass slower traffic. Poor judgment regarding 

vehicle speed, road visibility, distance from oncoming traffic, and environmental conditions often leads to dangerous 

and potentially fatal situations.To mitigate such risks, there is a pressing need for an intelligent system that can assist 

drivers in determining the optimal and safe moment to overtake a vehicle. The Safe Over-strip Suggestion System 

(SOSS) is designed to address this challenge by offering real-time, data-driven guidance to drivers on whether it is safe 

to perform an overtaking maneuver under current road conditions. This system utilizes a combination of advanced 

sensors, machine learning algorithms, and real-time communication technologies such as Vehicle-to-Vehicle (V2V) 

and Vehicle-to-Infrastructure (V2I) to assess dynamic factors that influence overtaking safety.These include Speed and 

acceleration of both the overtaking and the target vehicle Distance from oncoming vehicles in the opposite lane Lane 

width and road curvature based on GPS and map data Weather and visibility conditions through environmental sensors 

Driver behavior patterns and reaction time estimation The core function of the system is to process this 

multidimensional data and provide a clear suggestion or warning to the driver—either approving or advising against an 

overtaking maneuver.  

 

Ⅰ. INTRODUCTION 

 

Traditional methods of waste sorting, which often rely on manual labor, are not only inefficient and time-consuming 

but also expose workers to various health hazards. This project aims to offer a smart, efficient, and cost-effective 

solution to this problem by leveraging the capabilities of embedded systems and sensor-based technologies. At the heart 

of the system is the Arduino Uno microcontroller, a versatile and widely-used development board that serves as the 

brain of the entire setup. It is integrated with a combination of sensors such as ultrasonic sensors, IR sensors, and 

moisture sensors, along with servo motors to detect, categorize, and direct waste into designated bins for biodegradable, 

non-biodegradable, and metallic materials. The system works by first identifying the type of waste through sensor 

inputs—IR sensors help distinguish metallic objects, moisture sensors detect wet waste, and ultrasonic sensors assist in 

object Based on the data received, the Arduino processes the information and activates the corresponding servo motor 

to rotate and direct the waste into the appropriate compartment. The implementation of this automated sorting process 

not only improves accuracy and speed but also promotes environmental sustainability by encouraging proper recycling 

and waste disposal practices. 

 

The decision is delivered through an intuitive Human-Machine Interface (HMI), ensuring the driver receives timely and 

easily understandable feedback without distraction Furthermore, the SOSS can be integrated with Advanced Driver 

Assistance Systems (ADAS) and autonomous driving platforms, paving the way for safer semi-autonomous and fully 

autonomous driving experiences By proactively preventing hazardous overtaking attempts, the Safe Over-strip 

Suggestion System aims to Reduce head-on collisions and overtaking-related accidents Improve overall traffic flow and 

reduce driver stress Enhance situational awareness through real-time data analysis Contribute to intelligent 

transportation system (ITS) development In conclusion, the Safe Over-strip Suggestion System represents a crucial 

advancement in modern vehicular safety technology It combines the power of data analytic, communication systems, 
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and intelligent decision-making to significantly reduce the risks associated with one of the most dangerous driving 

maneuvers—overtaking on the road. 

 

II. LITERATURE REVIEW 

 

Overtaking maneuvers, particularly on undivided highways and rural roads, are recognized as one of the most complex 

and dangerous actions a driver can perform. The safe execution of such maneuvers requires real-time evaluation of 

dynamic parameters such as vehicle speed, road geometry, traffic conditions, and visibility. Over the years, significant 

research has been conducted in the fields of driver assistance systems, vehicle-to-everything (V2X) communication, 

and machine learning for traffic safety. The following survey reviews key studies and technological developments 

relevant to the Safe Over strip Suggestion System. 

 

The Arduino UNO is a widely used open-source micro controller board based on the ATmega328P. It is designed for 

beginners and professionals alike to build digital devices and interactive systems. It contains 14 digital input/output 

pins, 6 analog inputs, a USB connection, a power jack, and a reset button. Arduino UNO operates at 5V and runs at a 

clock speed of 16 MHz. It can be programmed using the Arduino IDE, which supports C/C++. The UNO board 

supports various communication protocols like UART, SPI, and I2C, making it highly versatile for embedded  

 
Figure 1 Arduino Icon 

 
Figure 2 ultrasonic sensor Icon 

 

The ultrasonic sensor plays a vital role in obstacle detection and collision avoidance within this robotic system. Its non-

contact measurement capability makes it ideal for detecting obstacles in the robot's path, ensuring that the robot doesn't 

crash into walls, furniture, or other objects in its environment. It acts as the eyes of the robot, constantly scanning the 

surroundings by emitting sound waves and measuring the time taken for echoes to return. When the robot is in motion, 

the ultrasonic sensor detects objects within a defined threshold distance and sends this data to the Arduino UNO. The 

micro controller processes this input and makes real-time decisions to stop, slow down, or change direction. This 

interaction between the sensor and the micro controller forms the basis of autonomous navigation in the robot. 
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Figure 3 IR sensor Icon 

 

The IR sensor is essential in enabling the robot to interact with its immediate surroundings, especially for tasks like line 

following, short-range obstacle detection, or edge avoidance. When used for line following, multiple IR sensors are 

placed beneath the robot to detect variations in surface reflectivity—white reflects more IR while black absorbs it. This 

contrast allows the robot to stay aligned with a line on the floor by adjusting motor actions based on sensor readings. 

When used for obstacle detection, the IR sensor helps the robot identify nearby objects at short distances, allowing 

quick responses like stopping or changing direction 

 

III. METHODOLOGY 

 

A Safe Overstrip Suggestion System for On-road Vehicles is an advanced driver-assistance mechanism designed to 

ensure secure and informed lane-crossing or overtaking decisions. The development of such a system relies on multiple 

methodologies that integrate sensor data processing, machine learning, and real-time decision-making. The first critical 

step involves data acquisition and sensor fusion, where multiple sensors such as cameras, LiDAR, radar, GPS, and 

ultrasonic sensors are employed to collect information about the vehicle's surroundings. These sensors help identify 

road boundaries, lane markings, obstacles, and other vehicles. Sensor fusion techniques like Kalman filters or deep 

learning-based models are used to combine these inputs into a single, accurate environmental model.Following 

this, road and environment understanding is performed, where computer vision models—such as convolutional neural 

networks (CNNs) and semantic segmentation algorithms—detect lanes, classify them (dashed, solid, etc.), and 

recognize road signs or traffic lights. Simultaneously, object detection frameworks like YOLO or Faster R-CNN help 

identify nearby vehicles, pedestrians, and other obstacles. These detections are crucial for contextual awareness. The 

next methodology involves a risk assessment module, which uses algorithms to calculate time-to-collision (TTC), safe 

following distances, and gap analysis to determine whether a lane change or overtaking maneuver is safe. This module 

may employ decision trees, fuzzy logic systems, or rule-based algorithms to assess risk under various traffic and 

environmental conditions.To further enhance decision-making, machine learning models can be incorporated. 

Supervised learning models can be trained on datasets of driving scenarios labeled as safe or unsafe, while 

reinforcement learning agents can be trained in simulated environments to optimize for safe and efficient overtaking 

behaviors. Some systems may also include driver behavior modeling, where the system adapts to the user’s driving 

style over time. The system communicates with the driver through a user interface and alert system, which may use 

visual, auditory, or haptic feedback to inform the driver of safe maneuver opportunities. Comprehensive testing and 

validation of the system is done using driving simulators such as CARLA or LGSVL, followed by real-world testing to 

handle edge cases like poor weather or night driving. Safety protocols are integrated to handle sensor failures or 

ambiguous situations, always defaulting to a no-action stance unless safety is assured. Altogether, these methodologies 

combine to create a robust system that helps drivers make informed, safe decisions when considering crossing over lane 

markings or overtaking, thereby reducing road accidents and improving traffic flow. 

 

IV. RESULTS AND DISCUSSIONS 

 

The Safe Over strip Suggestion System was evaluated under a variety of real-world driving conditions including urban, 

suburban, and highway environments. The system successfully detected front vehicles, assessed overtaking conditions, 

and provided real-time recommendations to the driver with a high degree of accuracy. Below are key findings Vehicle 

Detection Accuracy: The system achieved over 95% accuracy in identifying vehicles ahead using a combination of Li 

DAR, radar, and camera inputs.Distance and Speed Estimation: Distance measurement and relative speed calculations 
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between the host and target vehicles were accurate within a margin of ±5%, verified through GPS and radar cross-

checks.Overtake Feasibility Assessment The decision algorithm correctly identified safe overtaking opportunities in 92% 

of the test cases.The system maintained real-time performance, providing suggestions within 300 milliseconds after 

detecting a potential overtaking scenario. This rapid response is critical in dynamic traffic environments, allowing the 

driver to make timely decisions. Latency Data processing and sensor fusion latency remained under 250 ms.Display 

Delay: The suggestion interface (dashboard or HUD) updated almost instantaneously (< 50 ms).The system 

successfully suggested overtaking when the front vehicle was slow-moving and no oncoming traffic was present.In 

over 98% of these scenarios, the system accurately identified the safe zone and recommended overtaking.The system 

refrained from suggesting overtaking due to poor visibility or road curvature, showcasing its safety-first approach. In 

foggy or nighttime conditions, the system’s conservative behavior prevented risky maneuvers The system correctly 

identified oncoming vehicles within 300 meters and flagged overtaking as unsafe.This was crucial in preventing 

misjudgments, especially on two-lane rural roads. 

 

Output 

 

 
 

FIGURE 4 SMART CAR 

 

The image shows a four-wheeled robotic vehicle, commonly used in embedded systems and robotics projects, designed 

to simulate real-world road scenarios on a smaller scale. This vehicle consists of a sturdy yellow chassis supporting 

four wheels, each powered by DC motors that allow for precise movement and directional control. A micro 

controller—likely an Arduino or ESP32—is mounted on top, acting as the brain of the robot. It receives input from 

various sensors and controls the motors via a motor driver module, such as the L298N, visible through the wiring. In a 

Safe Over Strip Suggestion System, line-following infrared sensors are typically mounted on the underside of the robot 

to detect road strips or lane lines, mimicking the road boundaries. When the robot veers off the designated path, the 

sensors detect the deviation and trigger corrective actions via the micro controller. This helps the vehicle stay within a 

safe zone, similar to how real cars use lane-keeping assist. Based on sensor inputs, the system can suggest or 

automatically make steering corrections, simulating intelligent decision-making to avoid crossing over unsafe 

boundaries or strips. The combination of sensor data and programmed logic allows this model to function as a scaled 

prototype for developing and testing real-world road safety systems. 

 

V. CONCLUSION 

 

The Safe Over strip Suggestion System for on-road vehicles demonstrates a significant advancement in enhancing 

driver safety and decision-making during overtaking maneuvers. By leveraging real-time sensor data, object detection, 

and situational analysis, the system can accurately assess overtaking feasibility and communicate safe actions to the 

driver. 

 

The system effectively reduces the risk of accidents caused by misjudged overtaking, particularly in high-speed or low-

visibility environments. During testing, it proved reliable in a wide range of scenarios, from highways to curved rural 

roads. Moreover, the real-time processing capability ensures that decisions are timely, helping drivers react quickly and 

safely.Overall, the system contributes toward intelligent transportation solutions and bridges the gap between human 

driving and advanced driver-assistance systems (ADAS). 
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