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Abstract 

The automation of tasks and activities can take place with very little or no supervision 
by human beings due to the expansion of technology through the advancement of 

machines from mechanical through the use of electronics and now through the use 
of computers. Initially, the machines used to automate tasks were basic mechanical 
devices that were developed during the Industrial Revolution. As a result of the 

development of electric and electronic devices, automation has expanded greatly. 
After computers were introduced, programmable controls were developed as well as 

more complex algorithms, therefore allowing for further automation and increased 
automation's overall efficiency. With the development of cyber-physical systems, all 
of the computational processes and the physical processes can now be connected. 

With the development of PLCs as a method of controlling machines in the industrial 
setting, automation in the industrial setting has changed dramatically. CAD and CAM 

have changed the way that production has been conducted. The growth of the IIOT 
has created a network of devices that can connect with one another within industrial 
manufacturing ecosystems. HRC has also made it possible for workers and robots to 

work cooperatively and safely as joint operators. Advanced process controls have 
increased efficiency and optimization of chemical manufacturing processes. The 

processes of continuous integration and continuous deployment allow for the efficient 
use of resources when developing software applications. The use of machine learning 
to automate the processes of business intelligence and data analysis will allow for 

companies to make better use of the data that they acquire. Robotic surgery 
represents a highly advanced level of surgical precision and capability. Automation 

within financial institutions has changed how we conduct banking and make 
payments. Future trends in automation will centre around AI integration and 
autonomous systems. The implications of continuous technical advancements on the 

workforce must also be considered. Ethical dilemmas, such as privacy and algorithmic 
biases, must be addressed and solved.  

Potential technical challenges of integrating many automation technologies, such as 
complexity and weaknesses within today's cyber-security systems, make regulations 
necessary for companies as they begin to utilize new technologies for automation. 

 
Keywords: Automation Evolution, Cyber-Physical Systems, Human-Robot 

Collaboration, Industrial IoT, Financial Technology Automation. 
 

1. Introduction 

Automation represents the use of technology to perform tasks with minimal human intervention. The 

concept has evolved significantly since the industrial revolution. Modern automation encompasses 

mechanical, electrical, and digital systems. These systems operate across diverse sectors including 

manufacturing, healthcare, finance, and transportation. 
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Cyber-physical systems now form the backbone of industrial automation. These systems integrate 

computational algorithms with physical processes. The integration creates intelligent manufacturing 

environments. Real-time monitoring and control become possible through embedded sensors [1]. 

The evolution of automation follows technological advancement patterns. Early automation was typically 

mechanical and possessed only simple controls.The introduction of electronics expanded automation 

capabilities considerably. Programmable logic controllers emerged as fundamental building blocks. Logic 

Programming connects input devices to output devices for a variety of functions, allowing for automatic 

control of equipment and processes in Industries through the use of Logic Programming and also through 

advances in Digital Computing and Artificial Intelligence (AI). Machine Learning Algorithms are based on 

Data Sets that contain large amounts of data. Computer vision systems recognize patterns and objects. 

Natural language processing enables human-machine communication. 

Automation is related to economic productivity, labor and capital markets, and operational efficiency. 

Automation is used by organizations to reduce costs and increase accuracy. The same technology that 

enables capabilities far beyond that of man also helps understand the evolution of automation. This review 

will examine automation development across multiple domains. 

 

2. Historical Evolution of Automation 

 

2.1 Early Mechanical and Electrical Systems 

The first automatically controlled machines were invented during the industrial revolution, including 

mechanical looms for textile manufacture, which were automatically controlled in a programmed sequence 

using punched cards and powered by water wheels or steam engines. 

The first industrial automation systems supported repetitive manufacturing processes, replacing human 

workers with accurate mechanical systems. Textiles and metalworking were among the first to experience 

productivity gains, and electrical systems enabled a new generation of automation in the early twentieth 

century. The invention of relays and contactors enabled electrical equipment automation. 

 

2.2 Computer-Aided Design and Manufacturing Integration 

Computer-helped design has allowed designers and engineers to create designs digitally before the final 

product is manufactured, easing design visualization and adjustments. Computer-helped manufacturing 

converts designs into commands for machinery [3]. 

Integration of CAD and CAM systems keeps production machines in sync with engineering by propagating 

design changes through the manufacturing process. By simulating processes, manufacturers can reduce 

material waste. This results in much shorter lead times for the products. 

Modern CAD/CAM systems allow more complex geometries and assemblies, while parametric modeling 

allows quick changes to designs. Collaboration tools allow the engineering team to be spatially separated 

and can be cloud-hosted [3]. 

 

2.3 Industrial Internet of Things Emergence 

The Industrial Internet of Things connects physical devices through networks. Sensors collect data from 

equipment and environments continuously. Wireless communication protocols enable flexible 

deployments. Edge computing processes information locally before cloud transmission [4]. 

IIoT implementations face several technical challenges. To achieve interoperability, vendor systems must 

adopt a standard approach. Existing equipment may be retrofitted. 

Cybersecurity risk from network interconnectivity, the challenge of data management, and large amounts 

of sensor data exist. 

Monitoring systems enabled by IIoT, leading to energy savings and predictive maintenance, limit unplanned 

downtime. Supply Chain Visibility is enhanced through Tracking Technologies. Quality control has 

improved to Real-Time Monitoring of Processes. 

2.4 Cyber-Physical Systems Development 
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Cyber-physical systems (CPS) integrate the computational with the physical domains, wherein embedded 

computers monitor and control physical processes with feedback loops. Feedback loops enable adaptive 

responses to changing conditions. Distributed architectures connect multiple subsystems [1]. 

These systems enable advanced manufacturing paradigms. Flexible Manufacturing Cells produce Multiple 

Product Types for Different Orders and during Different Periods of Time.  Self-organizing systems 

dynamically assign resources where they are needed. Digital twins are virtual replicas of physical assets. 

Simulation capabilities support decision-making before implementation [1]. Table 1 presents the 

chronological progression of automation technologies from mechanical systems to cyber-physical 

integration, highlighting key technological developments, their primary characteristics, and application 

domains across industrial evolution phases. 

 

Table 1: Evolution of Automation TechnologiesS [1-4] 

 

 
 

3. Automation in Manufacturing and Industry 

 

3.1 Human-Robot Collaboration Systems 

Customary industrial robots were often enclosed in cages. By contrast, collaborative robots are designed to 

share the workspace with humans. Sensors detect the presence of humans and force limiting technologies 

are employed to prevent injury [5]. 

In manufacturing, cobots are used to assist assembly lines, where robotic precision complements human 

hand dexterity. Robots can move parts to the next assembly operation, and help human inspectors measure 

workpieces. 
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Collaborative robotics safety is governed by standards and requires risk assessments of hazards. Speed and 

separation monitoring maintains a safe distance, while power and force limiting prevents damage from 

excessive forces. A safety-rated monitored stop halts robot motion when its boundaries are breached [5]. 

Collaborative robots improve productivity without major job displacement. Robots supplant human work 

to do repeated actions. People can then target thought-based work. Less training is needed for them than 

for conventional industrial robots, and they can be changed for other tasks. Small and medium enterprises 

benefit from affordable business automation. 

 

3.2 Advanced Process Control in Chemical Manufacturing 

Controlling a large number of interacting variables usually encountered in chemical manufacture is a 

challenge. Advanced process control optimizes these operations beyond basic automation. Model predictive 

control anticipates future process behavior [6]. 

Temperature, pressure, and flow rates demand continuous monitoring. Feedback control systems maintain 

setpoints despite disturbances. Cascade control configurations improve response to process variations. 

Ratio control maintains the proportion of ingredients. 

Real-Time Optimization Algorithms are designed to Improve Efficiency/Throughput. Economic Objectives 

Balance Production Rates with Energy Costs. Constraint Handling Aims to Prevent Violating Safety Limits. 

Adaptive Control Will Automatically Adjust to Changing Process Conditions. Statistical process control, 

on the other hand, monitors quality metrics continuously [6]. 

Process automation reduces the operator's workload. Alarm management systems prioritize the most 

important alerts. Batch automation sequences the steps in complex production recipes. Safety Instrumented 

Systems Provide Independent Protection. Data Historians provide a means to Collect, Store, and Analyze 

Historical Process Variables to Comply with Regulatory Requirements. 

 

3.3 Smart Manufacturing and Industry 4.0 

Smart Manufacturing Incorporates Digital Technologies Throughout the Manufacturing Process. Sensors 

generate massive amounts of operational data. Analytics platforms extract actionable insights from 

information. Visualization Tools Enable End Users to Easily Understand How to Interpret the Data created 

by Smart Manufacturing Technologies. Digital Transformation Affects the Traditional Methods of 

Production. Vertical integration connects the shop floor to enterprise systems. The horizontal integration of 

suppliers and customers enables electronic connections. End-to-end engineering covers all product life 

cycles. 

Additive manufacturing can print complex parts in 3D layers. Topology optimization can produce 

lightweight components, while on-demand production can reduce the need for expensive inventories of 

spare parts. This makes customization feasible for low-volume production. 

Workers can receive augmented reality assembly instructions showing them where to place and connect 

pieces, and remote workers can provide assistance via shared feeds. Training simulations prepare workers 

for new tasks. Maintenance technicians access equipment information hands-free. Table 2 categorizes 

contemporary manufacturing automation systems, detailing their operational features, safety mechanisms, 

and industrial benefits to illustrate the diversity of automation applications in modern production 

environments. 

 

Table 2: Manufacturing Automation Systems and Their Characteristics [5-6] 
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4. Automation in Information Technology 

 

4.1 Continuous Integration and Continuous Deployment 

In software development, automation speeds delivery. Continuous integration takes changes and merges 

them back to a shared repository. Automated builds compile the source code into executable artifacts and 

unit tests automatically check the functionality of components [7]. 

Version control systems track the changes in code. Branch management strategies allow parallel 

development. Integrating merge conflict resolution tools and code review workflows enables developers to 

write higher-quality new code. 

In continuous deployment pipelines, changes are automatically applied to customers. Staging environments 

mimic production. Automated testing checks that systems are working as expected. Rollback mechanisms 

allow for a system to be rolled back quickly. Blue-green deployments minimize downtime when updating 

an application [7]. 

Infrastructure as code (IaC) defines systems through code instead of manual configuration; declarative 

specifications or statements describe the desired states of a system. Automation tools deploy and repeat 

deployments. Environment provisioning becomes repeatable and reliable.  

 

4.2 Machine Learning and Automated Data Analytics 

Machine learning is a subfield of computer science concerned with how computer systems can improve 

with data. Supervised learning involves building a model. Unsupervised learning discovers patterns in input 

data without labels, while reinforcement learning optimizes actions through trial and error [8]. 

Automated machine learning platforms assist model development. Extracted features are transformed from 

raw data for model training. Choosing a model is known as algorithm selection, while hyperparameter 

tuning is model selection. Model evaluation compares across different metrics. 



Meenu Vimala Venkataarangam 

 

112 
 

Business applications include automated analytics and customer segmentation, which identifies groups of 

customers for marketing. Churn prediction is the prediction of which customers will leave. Demand 

forecasting is the prediction of future sales volumes. Fraud detection is the detection of suspicious patterns 

[8]. 

Natural language processing uses language data to determine sentiment from consumer reviews. Named 

entity recognition finds important terms in documents or data. Applications such as topic modeling for 

document collections, and chatbots for text-based customer service. 

 

4.3 Cloud Infrastructure Automation 

In cloud computing, the resources that virtual machines run on can be provisioned on demand within 

minutes, and container orchestration runs applications at scale. Serverless computing is code executed 

without server management. 

Auto-scaling models add or remove resources based on traffic patterns. Auto-scaling most frequently refers 

to horizontal scaling, in which the number of instances increases, or vertical scaling, in which the instance 

itself is scaled. Scaling policies are the conditions for resource adjustment. 

Monitoring systems report on the health of the infrastructure's resources, using metrics dashboards. Alert 

configurations notify teams of anomalies. Log aggregation centralizes diagnostic and logging information. 

Distributed tracing tracks requests as they traverse services. 

Disaster recovery automation protects business functionality by regularly backing up snapshots of system 

data and replicating them across regions. Failover directs traffic to available regions in failure, while 

recovery time objectives drive automation. 

Table 3 outlines the major domains of IT automation, describing implementation approaches, core 

functionalities, and operational advantages that demonstrate how automation transforms software 

development and infrastructure management. 

 

Table 3: Information Technology Automation Domains [7-8] 
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5. Automation in Healthcare and Services 

 

5.1 Robotic Surgery Systems 

Robotic surgery is a form of minimally intrusive surgery where a robot is controlled by a surgeon at a 

console while utilizing high definition three-dimensional visualization. Instrument articulation is beyond 

human wrist control. Tremor filtration removes hand movement for precise control [9]. 

Compared to open surgery, minimally intrusive procedures reduce trauma, are associated with smaller 

incisions and reduced infection risk, and result in better recovery times after surgery. The hospital stay is 

shorter, recovery is faster, and there is less scarring. 

Robotic surgical systems have been adopted in many surgical disciplines. Urological surgery was one of 

the first. Visualization enhancement has been applied to gynecological surgeries, and robotic assistance to 

cardiac surgeries. Robotics is used for complex general surgeries [9]. 

The costs of the systems themselves are high, particularly for smaller hospitals, and surgeons must spend 

important time learning to operate the machines. Haptic feedback and instrument setup times are 

limitations, extending the duration of procedures. 

 

5.2 Healthcare Administrative Automation 

Electronic health records (EHR) collect patient information in one place. EHR holds clinical documents. 

Interoperability along with standards enable healthcare information exchange, while patient portals securely 

provide access to medical records. Mobile applications enable remote health monitoring. 

Appointment scheduling automation optimizes provider calendars. Online appointment systems improve 

access to patients. Reminder systems are used to prevent individuals from missing appointments. Waitlist 

management systems automatically notify waitlisted individuals. Resource allocation balances patients' 

needs with capacity. 

Automation throughout the revenue cycle streamlines the financial workflow. Eligibility verification 

generally occurs at patient registration, electronic claim submission, and payment posting. Denial 

management concerns claim resolution that cannot be processed. Prescription management systems 

automate the medication workflow. Electronic prescribing sends orders directly to pharmacies. Drug 

interaction checking prevents dangerous combinations. Refill reminders improve medication adherence. 

Automating prior authorization speeds up approvals. 

 

5.3 Financial Technology Automation 

Fintech automation is changing the banking system. Digital payments are electronic transactions made 

quickly. Mobile banking apps provide remote account access. Contactless payment methods accelerate 

checkout processes. Cryptocurrency platforms automate decentralized transactions [10]. 

Automated clearing houses handle large payment volumes. Compared to customary payment systems, real-

time payment rails allow for funds to be transferred immediately while cross-border payments are 

completed sooner through automation. Settlement systems ensure accounts get reconciled and transactions 

get screened for fraud. 

Robo-advisors manage investments automatically and maintain target asset allocation by rebalancing. 

harvesting. Risk assessment questionnaires determine appropriate strategies. Lower fees make investment 

advice accessible to more people [10]. 

Loan processing automation accelerates approval decisions. Credit scoring algorithms evaluate applicant 

risk. Income verification occurs through automated data connections. Document processing extracts 

information using optical character recognition. Underwriting decisions take minutes, not days. 

Automating regulatory compliance requires complexity. Know your customer procedures and 

electronically verify individuals' identities. Anti-money laundering systems identify patterns of suspicious 

behavior that trigger required transactional reporting to regulators and audit trails. Table 4 compares 

automation applications in healthcare and financial services sectors, emphasizing technological 

implementations, functional capabilities, and transformative impacts on service delivery and operational 

efficiency. 
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Table 4: Healthcare and Financial Services Automation [9-10] 

 

 
 

6. Future Trends and Challenges 

 

6.1 Artificial Intelligence Integration 

AI greatly expands automation through deep learning. Complex data can be processed by computer 

programs called neural networks, based on the structure of the brain. Convolutional networks analyze visual 

imagery, while recurrent networks analyze sequential data. 

Natural language interfaces allow humans to communicate to machines. Voice assistants respond upon 

voice commands. Agents can have multi-turn conversations with language translation closing the divide. 

Text generation produces human-like written content. 

Computer vision enables automation in unstructured environments. Object detection identifies items in 

camera feeds. Semantic segmentation labels every pixel within an image. Facial recognition identifies a 

user. Understanding scenes is useful for autonomous navigation. 

Explainable AI seeks to address the black-box nature of models. Example techniques for this purpose 

include interpretable models, feature importance, and attentive mechanisms.Transparency leads to user trust 

in automation. 

 

6.2 Autonomous Systems Development 

Fully autonomous vehicles or self-driving cars are an advanced application of automation. Sensor fusion of 

camera, radar and lidar data is used. Path planning algorithms find optimal routes dynamically. Behavior 

prediction anticipates other road user actions. 
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Aerial drones automate inspection and delivery tasks. Agricultural drones are specialized drones that survey 

crops. Infrastructure inspection drones are specialized drones that inspect places that are hard to reach. 

Package delivery drones are specialized drones. Inventory counting involves warehouse drones. 

Ethical decision-making in unpreventable accidents. Safety testing for assurance. Public acceptance varies 

by application and region Autonomous ferries transport passengers routinely. Port automation handles 

container loading efficiently. 

Autonomous systems face regulatory and safety challenges. Liability questions arise when automation 

makes decisions. Ethical frameworks address unavoidable accident scenarios. Safety affirmation requires 

substantial testing. Acceptance is variable across applications and countries. 

 

6.3 Workforce and Societal Implications 

This could have important implications for labor markets across the economy: Routine cognitive tasks are 

highly automatable and routine physical roles are often automated. New job categories emerge that require 

different skills. Technical jobs require constant up-skilling. 

Workforce retraining becomes increasingly important. Educational programs adapt curricula for the 

automation age. Online learning platforms provide flexible skill development. Apprenticeship programs 

combine theory with practice. Transition programs are available for government workers. 

Income inequality concerns arise from automation trends. High-skill workers benefit disproportionately 

from technology. Middle-skill positions face displacement risks. Universal basic income proposals intend 

to address the threat. Shortened work weeks distribute employment more broadly. 

There are ethical issues about automating, and risks of infringing privacy through common data collection. 

Algorithmic bias establishes social disparity, and transparency can be achieved through explanations. 

Regulation must balance with innovation. 

 

6.4 Technical and Integration Challenges 

Integration complexity grows with greater automation sophistication. Legacy systems may not support 

contemporary automation practices. Standardization gaps obstruct interoperability since disparities in data 

formats obstruct data exchange. Protocol mismatches prevent seamless communication. 

Cybersecurity vulnerabilities expand with network connectivity. Industrial control systems face targeted 

attacks. Ransomware threatens operational continuity. Supply chain compromises insert malicious 

components. Zero-trust architectures make the impact of breaches less. 

For safety-critical applications, systems must be reliable, and people use redundancy for the elimination of 

single points of failure. If one part of a system fails, graceful degradation preserves some functionality 

whereas fault tolerant designs do not fail. Regular maintenance prevents failure. 

However, major scalability issues and bandwidth limitations might be encountered on larger deployments. 

Computer processing must meet analysis requirements; storage must keep pace with data volume increases. 

Cost should balance capability and capacity. 

 

Conclusion 

Automation has advanced through the development of mechanical devices and into newly developed 

platforms that operate autonomously. Examples of such platforms include Cyber-physical Systems, a 

platform that provides seamless integration of computational and physical functions; Programmable Logic 

Controllers (PLC), a platform designed to provide flexibility in the control of industrial equipment; and 

Computer-Aided Design/Manufacturing (CAD/CAM) that enables efficient design-to-production 

processes. In addition, the Industrial Internet of Things (IIoT) connects all of these devices within a total 

ecosystem. Collaboration between Humans and Robots provides strong and secure working environments. 

Advanced Process Control (APC) improves efficiency within Chemical Manufacturing. Continuous 

Integration and Continuous Deployment (CI/CD) improves the speed that software can be developed and 

delivered. Machine Learning (ML) allows for automated Data Analytics and Decision Making. Robotic 

surgery increases accuracy and improves patient outcomes. The emergence of Financial Technology (Fin 

Tech) through automation has transformed the Banking and Payments industries. Many different verticals 
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demonstrate unique applications and advantages of automation. For example, Manufacturing uses robotic 

precision in addition to optimizing processes with automation, while Information Technology utilizes 

automation for the management of Infrastructure Systems. In the case of the Healthcare industry, there are 

both surgical and administrative benefits from automation. Financial Services have increased their 

efficiency with the introduction of Automated Finance Transactions. The Integration of Artificial 

Intelligence (AI) has allowed businesses to develop Adaptive and Intelligent Solutions. Autonomous 

systems such as vehicles work independently and create transportation networks and industrial capabilities. 

Consequently, the use of Automation in the Workforce creates a need to develop Skill Development 

Programs in advance. Privacy, Algorithmic Fairness and Ethical Considerations must be addressed in 

regulations and as companies become more dependent on automation. In addition to Technical Integration 

Difficulties, including Cybersecurity Risks, another implementation challenge is balancing the benefits of 

efficiencies achieved through automation with its impact on the Workforce. Therefore, it is essential for 

Stakeholders to work together to maximize the benefits to the organization and to mitigate the difficulties 

associated with them as emergent technologies continue to develop. 
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