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ABSTRACT 

This study explored the advantages and challenges of artificial intelligence (AI) and robotics in 

the evolution of autonomous driving systems within modern transportation. 'Artificial intelligence' 

refers to the capability of machines and computer systems to perform tasks that normally require 

human intelligence, such as learning, reasoning, decision-making, and problem-solving, while 

'robotics' involves the design, programming, and operation of automated machines capable of 

carrying out tasks with minimal human intervention. The integration of AI and robotics has 

contributed significantly to the development of autonomous vehicles that can sense their 

environment, analyse road conditions, and make driving decisions automatically through 

technologies such as sensors, machine learning, LiDAR, radar, cameras, GPS, and onboard 

computers. The study further examines the major advantages of autonomous driving, including 

improved road safety, efficient traffic management, reduced fuel consumption, environmental 

sustainability, and increased accessibility for elderly and disabled individuals. However, despite 

these benefits, the study also explores several challenges affecting the implementation of 

autonomous driving technologies, such as sensor failures during poor weather conditions; cyber 

security threats; ethical and legal concerns; high operational costs; inadequate infrastructure; 

and limitations in regulatory frameworks. The study concluded that artificial intelligence (AI) and 

robotics have significantly contributed to the evolution of autonomous driving by improving 

vehicle intelligence, road safety, traffic management, and transportation efficiency. The study 

recommended that governments and transportation authorities should develop comprehensive 

legal and regulatory frameworks to guide the safe implementation and operation of autonomous 

vehicles. 
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INTRODUCTION 

 Through the creation of autonomous driving systems, robotics and artificial intelligence 

(AI) have emerged as significant technologies that are revolutionising the transportation industry. 

The ability of robots and computer systems to carry out tasks like learning, reasoning, problem-

solving, and decision-making that often require human intelligence is referred to as "artificial 

intelligence." AI makes it possible for robots and digital systems to do intelligent tasks with little 

assistance from humans. The design, construction, programming, and operation of devices that can 

carry out automatic or semi-automated operations are all included in robotics. Perception, 

decision-making, and control procedures are how autonomous driving systems work. Before 

robotic systems perform actions like steering, braking, and accelerating, AI algorithms evaluate 

environmental data gathered by sensors. Thus, modern technological growth in industries like 

healthcare, manufacturing, agriculture, and transportation has been tremendously aided by the 

merging of AI and robotics.  

One of the main uses of robotics and artificial intelligence in contemporary transportation 

systems is the development of autonomous driving. The term "autonomous driving" describes the 

application of robotic systems, artificial intelligence (AI), sensors, cameras, and machine learning 

to enable cars to function with little or no human supervision. According to Grigorescu, Trasnea, 

Cocias & Macesanu (2020), autonomous vehicles are designed to detect their environment, analyse 

road conditions, and make driving decisions automatically in real time. To enhance navigation and 

road safety, these systems make use of technology including LiDAR, radar, GPS, and onboard 

computers. Numerous benefits have resulted from the development of autonomous driving, 

including as fewer traffic accidents, better traffic control, fuel efficiency, and more accessibility 

for people with disabilities and the elderly. Kuutti, Fallah, Katsaros, Dianati, McCullough & 

Mouzakitis (2021) further noted that intelligent transportation systems improve vehicle 

coordination and reduce traffic congestion through advanced communication technologies. 

Even while AI and robotics have many benefits for autonomous driving, their successful 

use is currently hampered by a number of issues. One significant issue is sensor dependability in 

inclement weather, such as rain, fog, and snow, which can lower autonomous systems' accuracy. 

How autonomous cars should make decisions during inevitable collisions also raises ethical and 

legal questions. Furthermore, insufficient infrastructure, high operating expenses, and 

cybersecurity risks continue to impede the broad use of autonomous vehicles. According to 

Mahmoud, Hussein & Al-Khateeb (2022), securing autonomous systems against cyber-attacks is 

necessary to ensure public safety and trust. Therefore, although artificial intelligence and robotics 

have greatly improved autonomous driving technology, addressing these challenges remains 

essential for the successful future development of autonomous transportation systems. 

CONCEPT OF ARTIFICIAL INTELLIGENCE (AI)  

Artificial intelligence (AI) refers to the branch of computer science concerned with 

designing systems capable of performing tasks that normally require human intelligence, such as 

learning, reasoning, problem-solving, and decision-making. as noted by Akpan & Henry (2025) 

Artificial intelligence (AI) is the ability of a digital computer or computer-controlled robot to 

perform tasks commonly associated with intelligent beings. Artificial intelligence is the study of 

how the human brain makes decisions, learns new things, and thinks through difficulties. A lot of 
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companies in a lot of different areas are migrating to AI-based solutions to make things simpler 

and more precise (Adesemowo & Hameed, 2025), such as in sectors like healthcare, finance, and 

manufacturing, where AI can enhance efficiency and accuracy in operations. 

Additionally, AI can be seen as a revolutionary technological advancement that combines 

algorithms and massive datasets to increase productivity and accuracy in a variety of fields, 

including industry, healthcare, and education. AI improves logistics planning, inventory control, 

and forecasting accuracy in supply chain management (Umofia & Uwana, 2026).Furthermore, 

artificial intelligence (AI) focuses on learning from experience and adapting to new inputs by 

simulating human intelligence processes through technology, particularly computer systems. As 

noted by Ghosh and Singh (2020), AI includes the use of bio-inspired algorithms and machine 

learning models that enable systems to perform complex tasks such as prediction, classification, 

and automation across multiple sectors. 

Moreover, the concept of AI also incorporates ethical, social, and philosophical 

considerations, particularly regarding trust, autonomy, and decision-making.AI-powered systems 

now perform complex tasks such as medical diagnoses, financial predictions, and even creative 

writing, reducing human effort and enhancing productivity (Kingsley & James2025). As 

highlighted by Amuzat (2025), the strategic application of artificial intelligence across various 

organizational and public sectors plays a pivotal role in driving competitive innovation and 

operational automation.  

CONCEPT OF ROBOTS  

Robotics is a branch of science and engineering that focuses on the design, construction, 

programming, and operation of robots. It combines disciplines such as mechanical engineering, 

electrical engineering, computer science, and artificial intelligence (AI) to create machines capable 

of performing tasks automatically or semi-automatically. Robots are designed to carry out 

functions that may be dangerous, repetitive, complex, or difficult for humans. The increasing 

development of robotics has transformed industries such as manufacturing, healthcare, agriculture, 

transportation, education, and defense. 

 

Fig. 1: A Picture of Robots 

Robots operate through the integration of sensors, actuators, control systems, and 

intelligent software. Sensors enable robots to perceive their environment by collecting information 

such as movement, temperature, sound, and object location. Modern robotics systems also 

incorporate AI and machine learning to improve decision-making, adaptability, and autonomous 

operation. As noted by Javaid. (2021), robotics has become an essential technological innovation 

that improves productivity, accuracy, and operational efficiency in industrial and service sectors. 

The authors emphasized that intelligent robotic systems can perform tasks with minimal human 

intervention while reducing operational risks. According to Akpan and Henry (2025), adopting AI 

models allows complex systems to analyze vast operational parameters, significantly streamlining 

decision-making processes across high-tech domains.  
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The advancement of robotics has led to the development of autonomous robots capable of 

learning from their environment and interacting intelligently with humans. According to Yang et 

al. (2020), robotics technology is increasingly integrated with AI, cloud computing, and the 

Internet of Things (IoT) to enhance automation and communication between machines. In 

healthcare, robotic systems are used for surgery, rehabilitation, and patient monitoring, while 

industrial robots are widely applied in manufacturing and assembly operations. Furthermore, 

Haddadin and Croft (2021) noted that collaborative robots, also known as cobots, are designed to 

work safely alongside humans, improving workplace flexibility and efficiency. 

CONCEPT OF AUTONOMOUS DRIVING  

Autonomous driving refers to the use of advanced robotic systems, artificial intelligence 

(AI), sensors, and machine learning technologies that enable vehicles to operate with little or no 

human intervention. Autonomous cars are made to sense their surroundings, make decisions while 

driving, and regulate their own motion. These systems combine technologies such as LiDAR, 

radar, cameras, GPS, and onboard computers to detect objects, interpret road conditions, and 

navigate safely in real time (Grigorescu, 2020). 

In order to increase road safety, lessen traffic, and improve transportation efficiency, 

autonomous driving is based on the integration of robots and intelligent transportation systems. 

The three main processes that autonomous cars use to operate are perception, decision-making, 

and control. In the perception stage, sensors collect environmental data about roads, pedestrians, 

traffic signs, and nearby vehicles. The decision-making system then analyses this information 

using AI algorithms to determine the safest driving action, while the control system manages 

steering, braking, and acceleration automatically (Fayyad, 2020). 

From Level 0 (completely manual driving) to Level 5 (totally autonomous driving without 

human input), autonomous driving systems are typically categorised into various automation 

levels. Modern autonomous vehicles also utilise vehicle-to-vehicle (V2V) and vehicle-to-

infrastructure (V2I) communication technologies to improve coordination and traffic management 

(Kuutti, 2021). 

ADVANTAGES OF ARTIFICIAL INTELLIGENCE AND ROBOTICS IN THE 

EVOLUTION OF AUTONOMOUS DRIVING  

By enhancing vehicle intelligence, safety, efficiency, and decision-making skills, robotics 

and artificial intelligence (AI) have revolutionised the development of autonomous driving. By 

combining robotic control systems, computer vision, machine learning, and sensors, these 

technologies allow cars to run with little assistance from humans. AI and robotics provide a number 

of important benefits to contemporary transportation systems as autonomous driving develops. 

 Improved road safety 

Increased road safety is one of the main benefits. A significant portion of traffic accidents 

brought on by sleepiness, distraction, speeding, or intoxicated driving are the result of human error. 

Autonomous vehicles with AI capabilities are able to recognise impediments, continuously 

monitor road conditions, and react more quickly than human drivers. According to Grigorescu 
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(2020), AI-based perception systems improve object detection, lane tracking, and traffic sign 

recognition, thereby reducing accident risks and enhancing driving accuracy. 

 Efficient traffic management and reduced congestion 

Effective traffic control and less congestion are two other significant benefits. AI 

algorithms and robotic systems are used by autonomous cars to interact in real time with other cars 

and traffic infrastructure. This reduces needless braking or delays, maintains safe spacing between 

cars, and enhances route optimisation. Li (2021) noted that AI-driven transportation systems can 

significantly reduce traffic congestion and fuel consumption through intelligent navigation and 

coordinated vehicle movement. 

 Greater accessibility and convenience 

Additionally, increased accessibility and convenience are facilitated by robotics and AI. 

People with impairments, the elderly, and those unable to drive themselves can all benefit from 

autonomous driving technologies. Vehicle robotic automation offers mobility solutions that 

enhance accessibility to transportation and social inclusion. Additionally, self-driving systems 

improve comfort and lessen the effort for drivers while travelling long distances. 

 Enhanced operational efficiency and cost reduction 

Improved operational efficiency and cost savings are further benefits. AI-powered 

autonomous cars maximise fuel efficiency, lower maintenance requirements via predictive 

diagnostics, and enhance logistics in sectors like delivery and transportation. Additionally, robotics 

allows for accurate vehicle control and effective synchronisation in challenging driving situations. 

According to Kuutti (2021), autonomous systems improve transportation productivity by 

combining real-time environmental perception with intelligent decision-making. 

 Environmental sustainability 

Additionally, by encouraging more effective energy use and smoother driving patterns, 

particularly in electric autonomous vehicles, AI and robotics contribute to environmental 

sustainability. Improved urban mobility systems and reduced carbon emissions are two benefits of 

reduced traffic congestion and optimised acceleration. 

CHALLENGES OF ARTIFICIAL INTELLIGENCE AND ROBOTICS IN THE 

EVOLUTION OF AUTONOMOUS DRIVING  

The development of autonomous driving systems has been greatly aided by robotics and 

artificial intelligence (AI), which allow cars to sense their surroundings, make judgments, and 

function with little assistance from humans. Despite these developments, a number of obstacles 

still prevent autonomous vehicles (AVs) from being widely used and safely deployed. These issues 

are of an ethical, legal, technological, and infrastructural character. 

 Environmental perception and sensor reliability 
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Environmental perception and sensor dependability are a significant problem. To identify 

things and navigate highways, autonomous cars use sensors including LiDAR, radar, cameras, and 

ultrasonic devices. However, unfavorable weather—such as rain, fog, and snow—can lower sensor 

accuracy and have an impact on AI decision-making. According to Yurtsever (2020), autonomous 

systems still struggle with complex urban environments where unpredictable human behaviours 

and dynamic road conditions occur frequently. 

 Decision-making and ethical dilemmas 

Making decisions and resolving moral conundrums present another difficulty. During 

emergencies, AI algorithms must make quick decisions, often considering moral issues. For 

instance, it is still debatable how the car should respond in accident scenarios that cannot be 

avoided. Shariff (2021) noted that ethical programming in autonomous driving is difficult because 

societal values differ across cultures and legal systems. 

 Cyber security threats 

Because autonomous cars rely so heavily on software, cloud computing, and internet 

connectivity, they are susceptible to hacking and cyber-attacks, which could alter vehicle controls, 

steal confidential information, or interfere with transportation networks. Mahmoud (2022) 

emphasized that ensuring secure communication between AI systems and robotic components is 

essential for public trust and safety. 

 High computational requirements and data processing limitations 

High computational requirements and data processing limitations impact the efficiency of 

autonomous driving technologies. In order for AI models to function accurately, they need large 

datasets and real-time processing capabilities, which raise hardware costs and energy consumption. 

Moreover, training AI systems with biased or insufficient datasets can result in poor performance 

in unfamiliar environments. 

 Lack of legal and regulatory frameworks 

          The absence of legal and regulatory frameworks is another crucial problem. Comprehensive 

legislation covering liability, insurance, and operating standards for autonomous vehicles is still 

lacking in many nations. Public acceptance and commercialization are slowed by this uncertainty. 

The integration of robotics and artificial intelligence (AI) into transportation systems is further 

complicated by infrastructure constraints, such as inadequate smart traffic systems, unreliable 

internet access, and poor road markings. 

CONCLUSION 

          In conclusion, artificial intelligence (AI) and robotics have significantly contributed to the 

evolution of autonomous driving by improving vehicle intelligence, road safety, traffic 

management, and transportation efficiency. Through the integration of sensors, machine learning, 

robotic control systems, and intelligent communication technologies, autonomous vehicles are 

now capable of operating with minimal human intervention while enhancing convenience and 
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accessibility. Despite these advantages, challenges such as sensor limitations, cyber security 

threats, ethical concerns, high computational costs, and inadequate legal frameworks continue to 

affect the widespread adoption of autonomous driving systems.  

RECOMMENDATION 

 Governments and private organizations should invest in modern transportation 

infrastructure such as smart traffic systems, reliable internet connectivity, and properly 

marked roads to support the effective operation and communication of autonomous 

vehicles. 

 Researchers, engineers, and technology companies should continue improving the 

accuracy and reliability of AI systems, sensors, and robotic technologies used in 

autonomous vehicles, especially in difficult weather conditions and complex urban 

environments. 

 Governments and transportation authorities should develop comprehensive legal and 

regulatory frameworks to guide the safe implementation and operation of autonomous 

vehicles. 
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