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Abstract: Robotics and automation have transformed modern industries by improving efficiency,
accuracy, and safety. This report explores the evolution, key technologies, applications, benefits, and
future potential of robotics and automation across various sectors. Additionally, it highlights challenges
related to cost, workforce displacement, and ethical considerations. The paper concludes with an outlook
on trends such as Al-driven robotics and human—robot collaboration.
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L. INTRODUCTION

The rapid development of robotics and automation has revolutionized manufacturing, Healthcare, logistics, agriculture,
and many other domains, robotics involves the design and operation of programmable machines capable of performing
tasks, while automation refers to using technology to reduce human intervention in processes.together, they form the
foundation of modern smart systems and industry 4.0.

The rapid evolution of these technologies has led to the rise of Industry 4.0, where smart, connected systems drive real-
time data exchange and autonomous decision-making. As industries shift toward greater digitalization, robotics and
automation have become essential tools for addressing labor shortages, enhancing efficiency, and meeting global
market demands.

II. EVOLUTION OF ROBOTICS AND AUTOMATION
Early Automation (1900s): Mechanical systems used for repetitive industrial tasks.
Rise of Industrial Robots (1960s—1980s): Introduction of robotic arms such as the Unimate in automotive industries.
Digital Automation (1990s): Integration of sensors, computers, and programmable logic controllers (PLCs).
Smart Robotics (2000s—present): Al-powered robots, autonomous systems, loT-enabled automation.
Emergence of Automated Mechanical Systems (Early 1900s) :- Automation began with mechanical machines
designed to simplify labor-intensive tasks. These early systems laid the foundation for industrial mechanization by
improving consistency and reducing manual fatigue.
Rise of Programmable Industrial Robots (1950s—-1970s) :- The invention of programmable robotic arms, such as the
Unimate, marked a revolutionary shift. Robots became capable of performing repetitive manufacturing tasks with high
precision, accelerating industrial productivity.
Integration of Digital Control and Microprocessors (19801990s):-Advancements in computing power enabled
robots to become more accurate and responsive. The introduction of microcontrollers and PLCs made automation
systems smarter, faster, and easier to reprogram.
Intelligent Robotics and Connected Automation (2000s—2015):- With the rise of sensors, Al algorithms, IoT, and
data-driven control systems, robots evolved into intelligent machines capable of perception, decision-making, and
collaboration. This era introduced autonomous mobile robots and advanced machine vision.

III. KEY TECHNOLOGIES IN ROBOTICS AND AUTOMATION
3.1 Artificial Intelligence (AI)
Al improves robot decision-making, perception, and adaptability.

Copyright to IJARSCT [m]33
www.ijarsct.co.in Eﬁ" b

=g

DOI: 10.48175/IJARSCT-30353 645

7 1ssN W)
| 2581-9429 |}




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 2, December 2025 Impact Factor: 7.67

3.2 Machine Learning (ML)
ML enables robots to learn patterns and improve performance over time.
IoT connects robots and automated systems for real-time data exchange.

3.5 Cyber-Physical Systems (CPS)
Integration of physical machines with digital systems for Industry 4.0.

IV. APPLICATIONS OF ROBOTICS AND AUTOMATION
4.1 Manufacturing
Industrial robots perform welding, assembly, painting, and quality inspection.

4.2 Healthcare
Surgical robots, rehabilitation devices, and automated diagnostics improve patient outcomes.

4.3 Agriculture
Autonomous tractors, drones, and crop-monitoring robots increase productivity.

V. ADVANTAGES OF ROBOTICS AND AUTOMATION
e Increased productivity and efficiency
e Improved accuracy and precision
e Enhanced safety in hazardous environments
e Reduction of operational costs
e  Continuous 24x7 operation capability
e Improved product quality and consistency
e  Ability to perform complex and repetitive tasks without fatigue
e Reduction in human error and improved reliability
e Enhanced scalability for mass production
e Enhanced workplace ergonomics by handling physically demanding tasks

VI. CHALLENGES AND LIMITATIONS
e High implementation and maintenance costs
e  Workforce displacement concerns
e  Cybersecurity risks in automated systems
o Ethical concerns regarding surveillance and autonomy
e Limited adaptability in unpredictable environments
e outdated robotic systems

VII. CONCLUSION
Robotics and automation are reshaping industries and everyday life. With advancements in Al, IoT, and machine
learning, future systems will become more intelligent, collaborative, and autonomous. While challenges remain, the
potential benefits make robotics and automation essential to global technological progress.

VIII. CASE STUDIES IN ROBOTICS AND AUTOMATION
1) Case Study 1: Robotic Process Automation in Banking
Banks worldwide have implemented Robotic Process Automation (RPA) to reduce repetitive manual operations such as
customer verification, fraud detection, and routine data entry. RPA bots have improved accuracy and reduced
operational costs while enabling financial institutions to process high-volume tasks in real time.
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