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Abstract 

Today, in the industry 4.0 era, the boundaries of scientific disciplines are blurred, everything seems 
to be interrelated and shows the ability to be combined. Intelligent sensors combined with Artificial 
Intelligence (AI) have demonstrated their ability to influence processes, design, and maintenance 
in manufacturing systems. Mechanical engineering tasked with solving complex engineering 
problems must be able to adapt to this transformation, especially in the use of digital and IT to 
combine the principles of physics and engineering mathematics with materials science to design, 
analyze, manufacture, and maintain mechanical systems. On the other hand, mechanical 
engineering must also contribute to a better future life. Therefore, one of the keys to consistently 
playing a role is to think about sustainability, in order to provide benefits for society and industry, 
in any industrial era. 
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1. Introduction 
In recent years, new technologies such as artificial intelligence, 3D printing, and robotics have 

emerged with the potential to have a transformative impact on the industry, the economy and 
society as a whole [1,2]. In fact, the speed and scope of technological transformation are 
exponential, with unlimited potential and unlimited opportunities. On the other hand, there is a 
delay in preparing human resources to be resilient and adaptive in mastering technology, 
predicting markets, and the ability to transfer skills [3]–[6].  

Now, we are at the edge of a technology revolution that will drastically alter the way we live, 
work, and communicate [7]–[9]. The shift was unprecedented in terms of scale, scope, and 
complexity, so everyone has never had a similar adequate experience. As a result, we don't know 
what the future expectations and risks will be, but wise solutions to these changes must be 
integrated and comprehensive, engaging all stakeholders from global to local governments, public 
and commercial sectors, academia, and civil society. 

2. From Industry 1.0 to 4.0 
The illustration of the stages to the industrial revolution (RI) 4.0 is presented in Figure 1. The 

IR began in the 1800s. In the 1700s, the IR was started by the commercial steam engine and the 
mechanical era. It was known as Industry 1.0. IR was followed by electricity and mass production 
in the early 20th century, applied to production lines (goods). Industry 2.0 started in the 1900s. 
Then, IR continued to evolve into the computerized era in the 1970s known as Industry 3.0. At this 
point, everything started to go digital, and the elements of manufacturing shifted to automation 
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and robotics. The use of electronics, information technology, and the internet is the beginning of 
the information age. At that time, Industry 4.0 was introduced, which was the beginning of digital 
supply chains, digital products and services, and business models. Data-driven analysis and 
decision-making started as a core competency. As a key feature, IR 4.0 is characterized by a 
combination of technologies that obscure physical, digital, and biological disciplines [10,11]. At the 
very least, there are three causes for the current change, which is more than just an extension of 
the third industrial revolution: speed, scope, and system effect. This shift represents the 
transformation of an industry's whole production, management, and governance structure, 
wherever the industry is developed and what goods are produced [12]. 

The fourth industrial 
revolution, like the other 
revolutions, has the 
potential to raise global 
income levels and enhance 
the quality of life for 
people all around the 
world. Now, those who 
can afford to acquire and 
access the digital world 
have benefited the most 
from it. Technology has 

enabled the development of new goods and services that improve efficiency. Ordering a cab, 
booking a flight, purchasing a product, making a payment, coordinating production systems, and 
management meetings are all now possible from a distance. So, long-term efficiency and 
productivity will be enhanced through technological innovation in the future. Transportation and 
communication costs will fall, global logistics and supply chains will become more efficient, trade 
prices will fall, open up new markets, and promote economic growth. 

At the same time, as economists Erik Brynjolfsson and Andrew McAfee have pointed out, the 
fourth industrial revolution is likely to result in increase inequality, notably in labor market 
competitiveness. As a substitute for automation for labor in all sectors of the economy, the massive 
shift from workers to machines with automated systems can exacerbate the gap between the 
capital return and labor costs [13]. Those concerns were answered, in 2015, an electronics factory 
in Dongguan City-China announced that it was replacing 650 employees at the factory with 
intelligent robots and leaving 60 employees. This transformation can increase production up to 
162% and reduce production defects from 25% to below 5% [14]. 

Then, what exactly is the definition of the industrial revolution? There may be hundreds of 
references that talk about it, but the industrial revolution refers to a significant and fundamental 
shift in the way people manufacture products. This huge shift has been documented three times, 
and we are now in the midst of the fourth industrial revolution. Each of these major changes is 
always followed by major changes in the economic, political, even military, and cultural fields. As 
a result, millions of old jobs are disappearing and millions of new ones appearing [15]. 

Especially in the discipline of mechanical engineering and production engineering, by paying 
attention to the main area of Industry 4.0 as presented in Figure 2, the presence of IoT will 
significantly change the work methods for engineers and production systems in factories. 
Workplaces, production schedules, and rest hours may have to be redefined. IoT will be widely 
applied to manufacturing systems, design, maintenance, and production control. On the 
manufacturing side, the shift will be seen at least in the presence of robots that replace human 
work, an intelligent collaboration between humans and machines, training through Augmented 
Reality, coordination of working hours via the internet, and remote control of production 
equipment with intelligent sensors. On the manufacturing side, the shift will be seen at least in the 
presence of robots that replace human work, the intelligent collaboration between humans and 
machines, training through Augmented Reality, coordination of working hours via the internet, and 
remote control of production equipment with intelligent sensors. On the design side, computer-
based simulations and the widespread use of cloud-computing and crowdsourcing will affect the 
speed and accuracy of the design. In the maintenance section, at least it will be characterized by a 
remote-controlled maintenance system and extensive use of sensors to monitor the state of 
production equipment. At the production control stage, it is marked by paperless logistics, product 
and process traceability, RFID, product digital memory, and production optimization with big data. 

Figure 1.   
Stages to the 

industrial 
revolution 4.0 
(source: link)   

https://id.wikipedia.org/wiki/Industri_4.0
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Figure 2.    
The main area 
of Industry 4.0 

(source: link)  

3. Conclusion 
Although Artificial Intelligence (AI) is developing very rapidly, there is something that should 

not be forgotten, behind AI, human intelligence is a masterpiece. In facing industry 4.0, 
researchers, students, and mechanical engineering engineers must be able to: 1) respond to the 
needs of Industry 4.0, where humans and machines unite to be ready for new possibilities; 2) 
harness the potential of digital technology, personalization of data, open access content, and a 
new globally connected social life; and 3) setting a blueprint for the future of learning (lifelong 
learning) from childhood school to graduate school for continuous learning in the workplace and 
for taking on a better role in society. Whatever, the industrial revolution occurs, mechanical 
engineering disciplines must be able to solve complex problems in society and industry. Theoretical 
concepts of natural science, application of engineering mathematics, special and unique materials 
science, theoretical principles of engineering design, production, renewable energy, energy 
conversion, or industrial mechatronics/automation must continue to play an important role in 
contributing to a cleaner and more sustainable environment. 
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