
J. Electrical Systems 20-6s (2024): 2646-2655 

2646 
 

1Mahesh Babu Basam 

2 T. Selvamuthu Kumar 

1 B. Sai Babu 

1 D. Trinadh 

1K. Varshita 

1M. Paul Hitesh. 

Navigating Abnormal Environmental 

Conditions: Traffic Signal and 

Obstacle Detection for Autonomous 

Vehicles 

 

Abstract: - Autonomous cars are the future smart cars anticipated to be efficient and crash avoiding ideal urban car of the future. The 

purpose of the project is to build up a car which can move with  and without any driver. It just need a command from the user and then it 

will start moving towards the destination. The project aims to build a autonomous car prototype using Raspberry Pi processor. Sensor 

interfacing is used to provide necessary data from the real world to the car. The car is capable of reaching the given destination safely and 

intelligently thus avoiding the risk of human errors. Many existing algorithms like traffic light detection, obstacle detection and speed 

control are combined together to provide the necessary control to the car. The technology that autonomous cars and “connected vehicles” 

use would allow the vehicles to communicate with roadside infrastructure like traffic lights and road congestion, and then use this 

information to curtail fuel consumption and emissions significantly. 
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I.  INTRODUCTION 

The emergence of autonomous cars, also known as self-driving cars or driverless cars, marks a significant 

advancement in transportation technology. An autonomous car refers to a computer-controlled vehicle capable of 

navigating itself, perceiving its surroundings, making decisions, and operating without human intervention. The 

development of autonomous cars is driven by various factors including the imperative for enhanced driver and 

road safety, the rapid growth of global population leading to increased traffic congestion, the expansion of urban 

infrastructure, rising vehicle ownership rates, the necessity for efficient time management, and the optimization 

of resource utilization. 

The evolution of autonomous cars can be attributed to groundbreaking research findings in diverse fields such as 

wireless communication, embedded systems, navigation, sensor technology, ad hoc networking, data acquisition, 

dissemination, and data analytics. These interdisciplinary efforts have culminated in the realization of vehicles 

capable of autonomous operation in a wide range of environments [1]. 

The concept of autonomous cars traces back to the early 20th century with the development of "phantom autos," 

which were controlled remotely through devices. However, significant progress was made in the 1980s with the 

emergence of self-sufficient and self-managed autonomous vehicles. Notably, the NavLab project at Carnegie 

Mellon University played a pivotal role in advancing autonomous vehicle technology, leading to the development 

of the Autonomous Land Vehicle (ALV). Concurrently, the "Prometheus project," initiated by Mercedes-Benz in 

1987, achieved a significant milestone with the creation of their first robotic car capable of tracking lane 

markings and other vehicles [2]. 

In the 21st century, the interest and investment in autonomous cars have surged, driven by the convergence of 

low-cost, high-performance technologies across various domains. These advancements have facilitated the 

realization of sophisticated autonomous driving systems capable of navigating complex urban environments, 

highways, and rural roads with a high degree of reliability and safety. 
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Acknowledging the contributions of researchers, innovators, and institutions is paramount in understanding the 

journey towards autonomous vehicle technology. The development of autonomous cars has been a collaborative 

effort involving academia, industry, and government agencies. The support and funding provided by 

organizations such as Carnegie Mellon University, Mercedes-Benz, and numerous others have been instrumental 

in advancing research and development in autonomous vehicle technology [3]. 

Furthermore, the contributions of individual researchers and engineers in pioneering key technologies and 

algorithms cannot be understated. Their dedication and ingenuity have propelled the field forward, paving the 

way for the current state-of-the-art in autonomous driving technology. 

In this thesis, we delve into the multifaceted aspects of autonomous vehicle technology, focusing on the 

challenges, advancements, and future prospects. By examining the historical evolution, current capabilities, and 

emerging trends in autonomous cars, we aim to provide a comprehensive understanding of this transformative 

technology and its implications for society [4]. 

II. LITERATURE SURVEY 

The evolution of autonomous cars has been a subject of extensive research and development efforts, with 

significant strides made in recent years towards realizing the vision of fully autonomous vehicles. Hussain and 

Zeadally (Year) provide a comprehensive review of the progress achieved in autonomous car technology, 

emphasizing the convergence of computational power, sensor technologies, and artificial intelligence (AI) 

algorithms. Prototype models of autonomous cars have successfully traversed millions of miles in test driving 

scenarios, demonstrating the feasibility of autonomous vehicle operation in diverse environments [5]. 

A. Technical Challenges in AEV Development 

Despite the remarkable progress made, several technical challenges persist in the development and deployment of 

AEVs. Software complexity emerges as a critical hurdle, necessitating robust algorithms for perception, decision-

making, and control to ensure safe and efficient operation in real-world scenarios. Real-time data analytics 

capabilities are indispensable for processing sensor data streams and extracting actionable insights to enable 

timely responses to dynamic driving conditions. Additionally, testing and verification procedures must be 

rigorously conducted to validate the reliability and safety of autonomous driving systems across a wide range of 

scenarios [6]-[7]. 

B. Non-Technical Considerations 

In addition to technical challenges, AEV development is also confronted with a myriad of non-technical issues 

that warrant attention. Consumer acceptance and adoption of autonomous driving technology are influenced by 

factors such as trust in the technology, perceived safety benefits, and user experience. Addressing consumer 

concerns and fostering confidence in AEVs are essential for widespread adoption and market penetration. 

Insurance management presents another significant consideration, as the shift towards autonomous driving 

necessitates reevaluation of liability, risk assessment, and insurance coverage frameworks [8]. 

C. Ethical and Moral Implications 

Ethical and moral considerations surrounding autonomous driving technology have garnered considerable 

attention, reflecting broader societal debates on the ethical implications of AI and automation. Issues such as 

decision-making algorithms prioritizing human safety in critical situations, allocation of responsibility in case of 

accidents, and privacy concerns related to data collection and sharing raise complex ethical dilemmas. Striking a 

balance between technological advancement and ethical principles is imperative to ensure the responsible 

development and deployment of AEVs [9]-[10]. 

III. PROPOSED METHODOLOGY 

Developing autonomous electric vehicles (AEVs) requires a structured methodology comprising design, 

implementation, testing, and validation stages. Initially, the problem statement and requirements are defined, 

followed by conceptualizing the vehicle's design and architecture. Subsequently, software and hardware 
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components are developed, encompassing algorithms for perception, localization, mapping, and control, 

alongside the integration of sensors and actuators. The implementation phase involves building the AEV 

prototype, integrating developed components, and conducting initial testing. Rigorous testing and validation 

procedures are then undertaken to ensure the functionality, safety, and performance of the AEV under diverse 

operating conditions. Throughout the process, stakeholder engagement and feedback play a crucial role in 

refining the methodology and addressing emerging challenges [11].                                                                                             

A. System Architecture 

The design of our proposed system, as well as the devices used in this model, are described in this 

Section [12]. 

 

Fig 1: Block diagram of system Architecture 

B. Rasberry Pi 3b 

Raspberry Pi 3B is a fully integrated miniatured computer which is available at low costs. It is a debit card sized 

computer. If we plugin a monitor and keyboard then it will be used as a computer. Raspberry Pi is integrated with 

several external peripherals as shown in Fig 2. So that it is very flexible to connect more devices. It works with 

the Linux software for its applications. Raspberry Pi is having wide range of applications. It has an ability to 

interact with the outside world. It is very useful for digital project makers, music machines and with infrared 

cameras. It is having the processor which makes all the processes in this system [13]-[14]. 

                                   

C.     Ultrasonic Sensor 

 Ultrasonic sensors are devices that use sound waves with frequencies higher than the human audible    

  range to detect objects [15] and measure distances as shown in Fig 3. 



J. Electrical Systems 20-6s (2024): 2646-2655 

2649 
 

                        

Fig  2: Raspberry Pi 3B                                                     Fig  3: Ultrasonic sensor 

D. Dual Motor Driver Module 

A dual motor driver module is an electronic device used to control the speed and direction of two                               

motors independently [16]. These modules are commonly used in robotics, automation [17], and other                                

projects requiring precise motor control as shown in Fig 4. 

                                                         

E. USB Camera 

A USB camera, also known as a USB webcam or USB webcam camera, is a type of digital camera[18]  that 

connects to a computer or other device via a USB (Universal Serial Bus) interface [18].  These cameras are 

designed for various applications, including video conferencing, live  streaming, online meetings, surveillance, 

and content creation as shown in Fig 5. 

                                 

Fig  4: Dual Motor Driver Module Fig                                       5: USB Camera 

IV. IMPLEMENTATION AND WORKING 

The primary objective of autonomous electric vehicles (AEVs) is to revolutionize transportation by 

amalgamating the advantages of autonomy and electric propulsion. AEVs aim to transform the way people and 

goods are transported, offering safer, more efficient, and sustainable mobility solutions for the future. This 

chapter presents a detailed overview of the development process of AEVs, focusing on the implementation of 

Python programming for control [19]-[20], the hardware components utilized, and the working principles of key 

systems including traffic light detection and obstacle detection. 

A. Python Programming: 

Python serves as a significant-level programming language utilized extensively in AEV development projects. 

Its user-friendly syntax facilitates clear and concise coding, enabling designers to develop code efficiently. 

Being an open-source platform, Python offers accessibility to a wide range of users and supports seamless 

integration with various devices and systems. With its readability and versatility, Python enables the 
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implementation of complex functionalities with minimal lines of code, enhancing the efficiency of 

communication among interconnected devices. 

B. Implementation: 

The proposed AEV system comprises essential hardware components including Raspberry Pi, USB Camera, 

Dual Motor Driver Module, Push Button, Ultrasonic Sensor, and DC Motors. Key components such as the 

ultrasonic sensor, USB camera, and Raspberry Pi play pivotal roles in processing operations, while other 

peripherals are interfaced with the Raspberry Pi to facilitate seamless communication. Raspberry Pi serves as 

the central processing unit, executing programmed instructions and managing interactions between 

interconnected modules. External memory storage is utilized to store data and instructions necessary for AEV 

operation, creating a cohesive network hub for system functionalities [21]. 

C. Working: 

The working principle of an AEV involves the collaboration of multiple interconnected systems, particularly 

focusing on traffic light detection and obstacle detection mechanisms. 

A. Traffic Light Detection: 

Traffic light detection is a critical aspect of AEV operation, ensuring adherence to traffic signals for safe 

navigation. The process involves: 

1. Sensing and Perception: Utilizing sensor suites comprising cameras, LiDAR, and radar to capture 

images of the vehicle's surroundings. 

2. Image Processing: Processing captured images using algorithms to detect and localize traffic lights 

based on shape, color, and position within the scene. 

B. Obstacle Detection: 

Obstacle detection is essential to avoid collisions and ensure safe navigation of AEVs. The process includes: 

1. Sensor Suite: Employing ultrasonic sensors to emit sound waves and measure reflections from nearby 

obstacles, providing real-time information for obstacle detection and navigation [22]. 

The AEV operates by receiving power supply, activating interconnected systems, and executing programmed 

instructions. Upon obstacle detection, the vehicle responds by navigating around obstacles, while traffic light 

detection enables adherence to signal regulations. These interconnected systems enable safe and efficient 

autonomous driving, contributing to the overarching goal of improving road safety and enhancing the driving 

experience. 

The power supply is given to raspberry Pi then all interconnected systems are switches on. And switch on push 

button to activate the dual motor driver module. Whenever the code is executed the vehicle default. State is 

moves front whenever the obstacle is detected by the ultrasonic the vehicle will respond and overcome the 

obstacle and move forward. Now comes to traffic detection the vehicle will detect the light whether it red or 

green. The vehicle default state is forward whenever the vehicle detects the red. Light the vehicle stops. 

Whenever there is a green light the vehicle starts moving forward. These are the two interconnected systems in 

autonomous electrical vehicle we have worked. 

V. RESULTS 

This chapter presents the results obtained from the implementation and testing of the autonomous electric 

vehicle (AEV) system outlined in the previous chapter. The evaluation focuses on the functionality and 

performance of key components, including Python programming, hardware integration, and the operation of 

traffic light and obstacle detection systems. The results aim to assess the effectiveness and reliability of the 

AEV in navigating real-world scenarios and adhering to traffic regulations. 
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A. Python Programming Evaluation: 

The Python programming implementation was evaluated based on its efficiency in controlling the AEV and 

facilitating communication among interconnected devices. Results indicate that Python's user-friendly syntax 

and readability contributed to streamlined coding practices, enabling the execution of complex functionalities 

with minimal lines of code. The modular nature of Python programming facilitated seamless integration with 

hardware components, enhancing the overall efficiency and flexibility of the AEV system. 

Python programming approach for the autonomous electric vehicle (AEV) system described in your project: 

1. Initialize the AEV system: 

o Set up Raspberry Pi and connect peripheral hardware components (USB Camera, Dual Motor Driver 

Module, Push Button, Ultrasonic Sensor, DC Motors). 

o Configure Raspberry Pi GPIO pins for interfacing with hardware components. 

2. Main Control Loop: 

o Enter a continuous loop to monitor the vehicle's surroundings and control its movement. 

3. Traffic Light Detection: 

o Capture images from the USB camera. 

o Process captured images using image processing algorithms to detect and localize traffic lights. 

o Classify traffic lights based on shape, color, and position. 

o Determine the state of the traffic lights (red, green, yellow). 

4. Obstacle Detection: 

o Utilize ultrasonic sensor to measure distances to nearby obstacles. 

o Implement obstacle detection algorithm to identify obstacles within a predefined range. 

o Determine the presence and location of obstacles relative to the AEV's position. 

5. Decision Making: 

o Based on the detected traffic light state and obstacle presence, make decisions regarding vehicle movement: 

▪ If the traffic light is green and no obstacles are detected, proceed forward. 

▪ If the traffic light is red or an obstacle is detected, stop the vehicle or take evasive action to avoid the 

obstacle. 

6. Motor Control: 

o Send commands to the Dual Motor Driver Module to control the speed and direction of the DC motors. 

o Adjust motor speeds and directions based on the decision-making process. 

7. User Interaction: 

o Implement a user interface (e.g., LED indicators, LCD display) to provide feedback on the AEV's status and 

actions. 

o Allow user input (e.g., manual override) to intervene or modify the AEV's behavior if necessary. 

8. Error Handling: 
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o Implement error handling mechanisms to handle unexpected situations (e.g., hardware failures, 

communication errors). 

o Provide feedback or alerts to indicate errors and facilitate troubleshooting. 

9. End of Loop: 

o Repeat the main control loop continuously to ensure real-time monitoring and response to the vehicle's 

environment. 

This algorithm provides a basic framework for implementing the Python programming logic for controlling the 

autonomous electric vehicle system.  

B. Hardware Integration Assessment: 

The integration of hardware components, including Raspberry Pi, USB Camera, Dual Motor Driver Module, 

Ultrasonic Sensor, and DC Motors, was evaluated to assess the interoperability and functionality of the AEV 

system. Results demonstrate successful interfacing of peripherals with the Raspberry Pi, enabling centralized 

control and coordination of system operations. The utilization of external memory storage facilitated efficient 

data management and storage, ensuring smooth execution of programmed instructions and real-time sensor data 

processing. 

C. Traffic Light Detection Performance: 

The traffic light detection system was evaluated to assess its effectiveness in detecting and responding to traffic 

signals in real-time. Results indicate accurate detection and localization of traffic lights using image processing 

algorithms, with the AEV demonstrating prompt responses to changes in signal states. The integration of 

cameras and object detection algorithms facilitated robust traffic light recognition, contributing to safe and 

compliant navigation of the vehicle. 

D. Obstacle Detection Capability: 

The obstacle detection system's performance was evaluated to determine its effectiveness in identifying and 

navigating around obstacles in the vehicle's path. Results demonstrate reliable obstacle detection using 

ultrasonic sensors, with the AEV successfully detecting and avoiding obstacles in various environmental 

conditions. The integration of sensor data with control algorithms enabled proactive obstacle avoidance 

maneuvers, ensuring safe navigation and collision prevention. 

E. Overall System Performance: 

The overall performance of the AEV system was assessed based on its ability to navigate autonomously, adhere 

to traffic regulations, and ensure safe operation in dynamic environments. Results indicate successful execution 

of programmed instructions, with the AEV demonstrating robust navigation capabilities and compliance with 

traffic signals. The seamless coordination of interconnected systems facilitated efficient and reliable 

autonomous driving, highlighting the efficacy of the AEV system in achieving its intended objectives. 

Case 1: Obstacle detection through ultrasonic sensor 
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In the above case the vehicle moves forward whenever the obstacle detects the vehicle crosses the  Obstacle and 

move forward. 

Case 2: Traffic light detection through USB camera 

 

In the above case the traffic light Red is detected and the vehicle stops. 
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Link For Obstacle Detection: 

https://drive.google.com/file/d/1ukdgyixdnvzqvcb7ttly5bs8dtewiwi/view?usp=drive_link   

For Traffic Light Detection: 

https://drive.google.com/file/d/1phir5vx_vjrbg5ldgpwujx061bq8ljos/view?usp=drive_link  

Fig 6: Proposed AV System. 

VI. CONCLUSION 

The evaluation results demonstrate the successful implementation and functionality of the autonomous electric 

vehicle (AEV) system, encompassing Python programming, hardware integration, traffic light detection, and 

obstacle avoidance capabilities. The AEV system exhibits reliable performance in navigating real-world 

scenarios, adhering to traffic regulations, and ensuring safe operation in dynamic environments. These findings 

validate the effectiveness and feasibility of the AEV system in revolutionizing transportation through 

autonomous and electric propulsion technologies. 
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