
© 2026 IJRTI | Volume 11, Issue 6 June 2026 | ISSN: 2456-3315 

 

IJRTI2606015 International Journal for Research Trends and Innovation (www.ijrti.org) a134 
 

Recent Advances in Manufacturing Automation: 

A Review of AI-Driven Smart and Sustainable 

Production Systems 
 

Rakesh Dwivedi1*, Nitin Panwar2 and Rajesh Porwal3 

1,2&3Faculty of Mechanical Engineering, Institute of Technology, Shri Ramswaroop Memorial University, 

Lucknow-Deva Road, Barabanki, 225003, U.P, India 

*Corresponding Author: rakeshdwi.fome@srmu.ac.in 

 
Abstract 
 

Manufacturing automation has evolved significantly from conventional mechanical production systems to 

intelligent and interconnected digital manufacturing environments. Recent advancements integrate 

technologies such as artificial intelligence (AI), machine learning (ML), robotics, the Internet of Things (IoT) 

and digital twins to improve efficiency, productivity and sustainability. This paper presents a comprehensive 

review of research developments in manufacturing automation between 2020 and 2026. The review focuses 

on key domains including smart manufacturing systems, adaptive automation, human–robot collaboration, 

predictive maintenance and sustainable manufacturing practices. Studies indicate that AI-driven predictive 

maintenance can reduce unplanned downtime by up to 50%, while hybrid machine learning optimization 

approaches can decrease energy consumption by 20–30% in advanced manufacturing processes (Gao et al., 

2024; Mahajan, 2025). Collaborative robots have further improved productivity and workplace safety in 

modern production systems. Despite these benefits, challenges such as cybersecurity risks, data 

interoperability issues, workforce reskilling requirements and high implementation costs remain significant 

barriers to adoption. The study also highlights emerging trends including explainable AI, physics-informed 

machine learning and the integration of sustainable manufacturing technologies. The findings provide 

valuable insights for researchers, industry practitioners and policymakers seeking to implement intelligent 

and sustainable manufacturing automation systems. 
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1. Introduction 

Manufacturing automation refers to the use of advanced technologies and control systems to perform 

production tasks with minimal human intervention. Automation aims to improve efficiency, accuracy, 

productivity, and product quality while reducing operational costs and human error. In recent years, the 

development of smart manufacturing systems has significantly transformed industrial production processes. 

These systems integrate artificial intelligence, cyber-physical systems, big data analytics, and digital 

communication technologies to create intelligent and adaptive manufacturing environments (Wang et al., 

2020). 

The emergence of Industry 4.0 has accelerated the adoption of automation technologies across multiple 

industries. Smart manufacturing systems enable real-time monitoring, predictive maintenance, and adaptive 

decision-making in production environments (Jose et al., 2025). As global manufacturing industries face 

increasing challenges such as labor shortages, supply chain disruptions, and sustainability requirements, 

automation technologies are becoming essential for maintaining competitiveness. 

The objective of this review is to examine recent developments in manufacturing automation technologies, 

analyze their applications and benefits, and identify current challenges and future research directions. The 

study aims to provide a comprehensive understanding of the role of intelligent automation systems in shaping 

the future of manufacturing. 
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2. Literature Review Methodology 

This study follows a structured literature review methodology to examine recent research on manufacturing 

automation. Academic publications were collected from major scientific databases including Scopus, Web of 

Science, IEEE Xplore, and ScienceDirect. The literature search focused on research published between 2020 

and 2026 using keywords such as “manufacturing automation,” “smart manufacturing,” “artificial 

intelligence in manufacturing,” “collaborative robotics,” and “digital twins.” 

Relevant articles were screened based on their relevance to manufacturing automation technologies and their 

contribution to industrial applications. The selected studies were analyzed and categorized into key thematic 

areas including artificial intelligence in manufacturing, human-robot collaboration, predictive maintenance, 

sustainable manufacturing, and smart manufacturing systems. This approach enabled a systematic evaluation 

of technological advancements and emerging trends in manufacturing automation. 

 

3. History and Evolution of Automation in Manufacturing 

The concept of manufacturing automation originated in the early twentieth century with the introduction of 

assembly line production systems. The implementation of moving assembly lines by Henry Ford in 1913 

revolutionized industrial manufacturing by significantly increasing production efficiency and reducing 

manufacturing costs (Szeszák, 2025). 

During the 1960s and 1970s, programmable logic controllers (PLCs) and computer numerical control (CNC) 

machines were introduced, enabling greater flexibility and precision in industrial production processes. The 

integration of robotics and computer-aided design and manufacturing systems during the 1980s and 1990s 

further expanded automation capabilities (Gupta et al., 2023). 

The introduction of Industry 4.0 in 2011 marked a major milestone in the evolution of manufacturing 

automation. Industry 4.0 technologies combine digital communication networks, artificial intelligence, big 

data analytics, and cyber-physical systems to create highly connected and intelligent manufacturing 

environments (Rozhok, 2025). Today, manufacturing automation continues to evolve through the integration 

of advanced technologies such as machine learning, digital twins, and collaborative robotics. 

 

Era Key Innovations Impact 

1910s-1950s Assembly lines, mechanization Mass production, efficiency 

gains 

1960s-1970s PLCs, CNC Programmable control, 

precision 

1980s-2000s Robotics, CAD/CAM Automation of repetitive tasks 

2010s (Industry 4.0) IoT, big data, AI Connected, smart factories 

2020s Advanced AI, sustainable 
systems 

Eco-friendly, adaptive 
production 

Table 1: Timeline of Key Developments 

 

4. Current Technologies in Automation 

Artificial Intelligence and Machine Learning: Artificial intelligence and machine learning technologies have 

become essential components of modern manufacturing automation. These technologies enable advanced 

data analysis, predictive maintenance, and process optimization in industrial environments. Machine learning 

algorithms can analyze large volumes of production data to identify patterns, predict equipment failures, and 

optimize manufacturing parameters (Gao et al., 2024). Predictive maintenance systems based on deep 

learning models allow manufacturers to detect potential equipment failures before they occur. This approach 

significantly reduces unplanned downtime and maintenance costs while improving overall production 

efficiency (Mahajan, 2025). 

Robotics and Human–Robot Collaboration: Industrial robotics has experienced rapid development in recent 

years, particularly with the introduction of collaborative robots, commonly known as cobots. Unlike 

traditional industrial robots, cobots are designed to safely interact with human workers in shared workspaces. 

These systems improve operational flexibility and enhance worker productivity while maintaining high 

safety standards (Sameh, 2025). Human–robot collaboration has become increasingly important in industries 

such as electronics manufacturing, automotive assembly, and logistics. Collaborative robots assist workers 
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in performing repetitive or physically demanding tasks, thereby improving efficiency and reducing 

workplace injuries. 

Internet of Things and Digital Twins: The Internet of Things (IoT) plays a critical role in enabling smart 

manufacturing systems by connecting machines, sensors, and production equipment through digital 

communication networks. IoT devices collect real-time data from manufacturing processes, enabling 

continuous monitoring and data-driven decision-making (Wang et al., 2020). Digital twin technology further 

enhances manufacturing automation by creating virtual representations of physical production systems. 

These digital models allow manufacturers to simulate, analyze, and optimize manufacturing processes before 

implementing them in real production environments (Jose et al., 2025). 

Additive Manufacturing and Advanced Production Technologies: Additive manufacturing, commonly known 

as 3D printing, has emerged as an important technology in modern manufacturing automation. This 

technology enables the production of complex geometries while reducing material waste and production 

time. Additive manufacturing is increasingly used in industries such as aerospace, healthcare, and automotive 

manufacturing (Xu et al., 2025). Advanced manufacturing technologies integrated with artificial intelligence 

further improve production efficiency and sustainability by optimizing resource utilization and minimizing 

production waste. 

Strategies for Sustainability 

 Energy Optimization: Variable frequency drives (VFDs) and sensors reduce consumption by 20%. 

 Waste Reduction: ML detects defects early, minimizing scrap. 

 Circular Practices: Automation aids remanufacturing. 

Application Description Benefits Examples 

Predictive 

Maintenance 

AI analyzes data for 

failure prediction. 

20-50% downtime 

reduction. 

Deep learning in steel 

mills. 

Quality Control ML/vision detects 

defects. 

Error minimization. CNNs in assembly. 

Process Optimization RL tunes parameters. 20-30% energy 

savings. 

Hybrid models in 

welding. 

Supply Chain 

Management 

AI forecasts demand. Inventory efficiency. Data-driven logistics. 

HRC Cobots assist humans. 30% productivity 

boost. 

AR/VR in tasks. 

Table 2: Application of Automation in Manufacturing 

 

5. Applications of Automation in Manufacturing 

Manufacturing automation technologies are widely applied across different stages of the production process. 

Predictive maintenance systems use machine learning algorithms to monitor equipment performance and 

identify potential failures before they occur. This approach significantly reduces downtime and improves 

operational efficiency in industries such as steel production and automotive manufacturing (Mahajan, 2025). 

Automation is also widely used in quality control processes. Computer vision systems powered by deep 

learning algorithms can detect product defects with high accuracy, ensuring consistent product quality and 

reducing manufacturing waste (Gao et al., 2024). 

In supply chain management, artificial intelligence systems analyze demand patterns and optimize inventory 

levels, enabling more efficient production planning and logistics management (Anderson et al., 2023). These 

applications demonstrate a significant role of automation technologies in improving overall manufacturing 

performance. 

 

6. Benefits and Challenges 

Benefits 

 Efficiency: 30% cycle time reduction, 20% energy savings. 

 Sustainability: Reduced emissions, waste. 

 Safety: HRC lowers accidents. 

 Inclusivity: Supports diverse workers. 
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Challenges 

 Data Issues: Scarcity, interoperability. 

 Workforce: 35% displacement risk. 

 Security: Cyber threats. 

 Costs: High investments. 

 Ethical Concerns: AI bias. 

 

7. Future Directions 

The future of manufacturing automation will be shaped by the continued development of advanced digital 

technologies. Emerging trends include explainable artificial intelligence, physics-informed machine learning 

models, and next-generation wireless communication technologies. These innovations will further improve 

the reliability, transparency, and efficiency of intelligent manufacturing systems (Mahajan, 2025). Another 

important trend is the integration of digital transformation and sustainable manufacturing strategies. Future 

production systems will focus on creating environmentally responsible and resource-efficient manufacturing 

ecosystems. These developments will enable industries to achieve both economic growth and environmental 

sustainability. 

 

 
Fig 1: Future Direction on Manufacturing Automation 

 

8. Conclusion 

Manufacturing automation has undergone significant transformation in recent decades, evolving from simple 

mechanical production systems to intelligent and interconnected digital manufacturing environments. 

Technologies such as artificial intelligence, machine learning, collaborative robotics, digital twins, and 

additive manufacturing have significantly improved production efficiency, product quality, and operational 

flexibility. 

At the same time, automation technologies contribute to sustainable manufacturing by reducing energy 

consumption, minimizing waste, and optimizing resource utilization. However, several challenges remain, 

including cybersecurity risks, high implementation costs, and workforce adaptation requirements. 

Future research and industrial development should focus on improving interoperability, developing 

transparent and ethical AI systems, and strengthening workforce training initiatives. By addressing these 

challenges, manufacturing automation can play a crucial role in building resilient, efficient, and sustainable 

industrial systems.  
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