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Miniaturization goods. Since the application area for developing such systems is very broad,
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1. INTRODUCTION

Mechatronics is an interdisciplinary field which Harashima defines as “Mechanical and Synergistic
Combination of Electrical engineering, computer science, and IT; That includes both the control and
numerical systems methods used for developing integrated intelligence products” [1]. In this definition,
synergistic effects are obviously targeted, which involve more than just adding the disciplines. Iserman et al.
[2] describes Mechatronic as distinct from this concept as an interdisciplinary field, connecting mechanical
systems, electronic systems, information technology and feed back control systems, where the mechanical
system parts seem to be dominating the system’s functions. Mechatronics is a methodology employed to
optimize design for products made from electromechanics. The term Mechatronics was coined in 1969, when
engineer Tetsuro Mori pulled together the 'Mechanical' and ‘electronic' terms to describe the electronic
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control systems Yaskawa Electric Corp. was constructing for mechanical equipment from plant [3]. The most
important thing in mechatronics is the integration and collaboration of different fields and disciplines
(mechanical, electronic, computer) to achieve a robust synergistic system as shown in Figure 1.
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Figure 1. Interdisciplinary synergy

An essential feature of mechatronic systems and systems are their built-in intelligence, which comes
from a synthesis of mechanical and electrical precision engineering and applied real time programming to the
design process. The synergy can be created through the right mix of parameters, in other words, the final
result should be more than just the amount of pieces thereof. The performance characteristics of mechatronic
Products, should be one in which would have been difficult to achieve without interdisciplinary
collaboration. Figure 2 shows the integrated design philosophy approach that yields mechatronics.
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Figure 2. Mechatronics design philosophy
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Machine technology, such as machine tools, power turbines, aims to alleviate physical tension and
stress on people, while electronics technology and information technology strive to alleviate human mental
pressure. Within multidisciplinary engineering, machine technology along with electronics and information
technology can replace the human element in both physical and mental efforts. In this sense, in order to
evolve well-established autonomous systems in new products, the key driving force in mechatronic systems
is the convergence of mainstream multidisciplinary technologies in engineering and computer science.
Integrating mechanical systems and microelectronics opens up new possibilities for mechanical design and
automated functions along with learning-based knowledge-based systems. Microcontrollers are increasingly
embedded in electromechanical devices, creating much more flexibility in system design and control
possibilities. The relationship between the internet of things (1oT) and mechatronics was analyzed by [4], and
concluded that the future is still seen as requiring mechatronic thinking. The significance of this study is to
show the trends and advances of mechatronics.

2. DESIGN METHODOLOGY FOR MECHATRONIC SYSTEMS

Mechatronics was first focused in the domain specifically back in the mid-1960's. Designing
different resources and languages as well as with training. There are two ways in which engineers and
companies go about designing a mechatronic system [5]. The first method resembles that of conventional
mechanical architecture process discipline in engineering and is called Functional Modeling. The second
approach is the model-based development, which more integrates with the Model-Based System Engineering
'MBSE' background. There are currently several attempts to standardize the methods used in the Model-
Based Design approach, where the basis is to model languages and tools that can support the mechatronic
system development process. Full modeling and Modeling approaches use both graphical models to represent
the system specifications and thus identify issues early in the development process and minimize the system's
time-to - market (TTM) growth. The basic differences between these methods are that functional modeling
approaches are informal, and they are unable to deliver repeatable functional approach models of a specific
product (the same product produced by two teams of engineers has a small chance of achieving the same
results) where the Model-Based Design methodology is formalized and assisted with different modeling
languages. Another big difference is the reuse of established design concepts as "Program Re-engineering™ in
model-based design. The issue with functional modeling is that the preserved design model can only be used
for the same product model on which the model is centered. The archived design model can serve as a basis
for product model development, specification, and exploration. There are four classes (classl to classlV) of
mechatronic systems as classified by [6]. Several programming languagessuitable for mechatronic design,
together with the suitable tools (MATLAB, Simscape, CAMel-view) for mechatronic design [6]. Figure 3
shows the conventional design methodology for mechatronic process.
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Figure 3. Mechatronics conventional design methodology
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3.  APPLICATIONS OF MECHATRONICS

Human civilization and industrial technology have invented intelligent machines, high-tech devices,
equipment , and products that improve the quality of life. Mechatronics allows the creation of smart machines
that are self-conscious and that can make decisions. Companies now need hi-tech feedback to produce
innovative and technology-enabled goods as their customers expect. Through seamlessly fusing mechanics
and technology, the design and manufacture of items such as smartphones as well as futuristic vehicles are
made possible. The use of mechatronics in advanced manufacturing has increased performance and product
quality. The use of automated systems means you save time and the smooth use of streamlined procedures.
Mass manufacturing had improved productivity and made cost-effective industrial production [7]. Technical
errors are minimized as the use of intelligent sensors [8-11] and parameter controls ensures maintaining the
planned operating conditions [11-13]. This technology has so much more to do than develop computer-
controlled electromechanical systems. Mechatronics was originally seen as an assimilation of mechanics and
electronics, but over the years, it is seen to include many more areas which include, telecommunication [14-
16], computer technology [17-19], systems engineering [20, 21], internet of things [22-24], civil engineering
[25], instrumentation and control [26].

4. EMERGING AND FUTURE TRENDS OF MECHATRONICS

Over recent years, the complexity of devices and systems has increased dramatically, requiring a
system-level approach to mechatronics design. This approach helps engineers to combine mechanical and
control design, execute a test easily, and reuse algorithms within the final embedded delivery framework.
This trend at system level is fueled by growing investments in the fields of medical, life sciences and
renewable energy as well as developments in industrial machinery. This approach greatly improves the
design process by combining best practices and technology available to streamline design, prototyping, and
implementation. By splitting the design process into parallel threads, the engineers may introduce a more
efficient process of creation. In the past a team has had to wait for a practical prototype to create a control
algorithm for a mechanical device. Now engineers can use a virtual prototype based on concept models and
simulation data to get started faster.

This approach, in addition to minimizing development time and its associated costs, allows for
vibrant cooperation between design teams and provides feedback on system efficiency in early development
phases. A full system digital model allows teams to mutually automate the overall structure, while increasing
performance. Yet a good mechatronics design process includes built-in design instruments. Over the past few
years device vendors have invested extensively in promoting this approach to design. Organizations such as
National Instruments have developed interfaces to ensure smooth communication between the different
devices. This helps engineers to build virtual implementations of their systems with a smooth path to
embedded hardware and to reuse code and make the most of investments made in the phases of design and
simulation. Algorithms need to be implemented on embedded hardware when prototyping and deploying.
Engineers have a range of options for shortening production time during deployment. Which involve
developing a component-level tailored control system to reduce costs and deploy on embedded commercial-
off-the-shelf (COTS) systems [27]. The distinction between making a profit and suffering a loss is always to
make the most reasonable decision based on such tradeoffs. “System ready” subsystems are mostly used for
prototyping or as a delivery platform to check consumer acceptance before a cost-optimized custom design is
designed.

In the last few years there has been a move towards customizable embedded platforms providing the
simultaneous versatility of a custom configuration and rapid deployment associated with COTS hardware.
National Instruments launched the RIO (reconfigurable 1/0O) platform some seven years ago. Using the
graphical development platform NI LabVIEW, a programmable plug-in board for PCs featuring an FPGA
and built-in analog and digital 1/O provided consumers a way to integrate software algorithms into hardware.
Since then, this technology has evolved and is currently being used in robust embedded hardware and
system-level items of an industrial scale [28]. Software plays a crucial role in mechatronics and embedded
systems of the future. Through offering a system-level view of various design factors and abstracting the
complexities of the latest technologies, software tools empower engineers to develop high-performance
systems to meet tomorrow’s challenges. Kuru et al [29] reviewed and proposed the automation of everything
as a transformation in advanced mechatronic systems within the industrial revolution. Hence, giving an
insight of the interactions between the mechatronic system and the environment. Figure 4 shows the
framework of advanced mechatronic system and its interaction with the environment. There are three major
future trends in mechatronics which are ghost of computing, hidden life of data and future of fear.
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Figure 4. Advanced Mechatronic system and its interaction with the environment [29]

4.1. Ghost of computing

Ghost of Computing entails a decline in electronics capacity/size (miniaturization). When the size of
the technology required for a computer is getting closer and closer to zero, the problem is no longer how
much smaller and more powerful the technology can be produced, but what the technology can be used in
now. Society is reaching a peak and turning point where there seem to be no end to limitations and
mechatronic minds are able to realize every existence. Many development projects have for future
mechatronic applications potential to bring mechatronic technologies to the wider and deeper regions.
Microelectromechanical systems (MEMS) [30, 31], Nanotechnology [32, 33], bio-medical engineering [34],
Nanoelectromechanical systems (NEMS) [35, 36], Nanomechatronics systems (NMS) [37] and
optomechatronics [38] are the emerging fields under this category in mechatronics. These fields will certainly
get to a point where devices will be in the smallest possible form, yet performing efficiently.

4.2. Hidden life of data

Hidden Life of Data refers to the use of big data and programming algorithms to understand the
processes of human thinking which makes the data more efficient for us to use and, in a way, feels like it has
its own mind. Data science [39-41] is a valuable skill and a necessary one. Engineers are making amazing
inventions every day and the world of data science is filled with possibilities with the fairly recent emergence
of robotics. Data science and robotics are important areas in which to keep an eye out. Robots are growing
smarter and more advanced, but they've got quite a way to go before they really reach self-sufficiency. There
is no way for customers, for example, to configure a robot to grasp every possible object that they may need
to operate inside a household. Thankfully, developments in artificial intelligence (Al) may soon allow robots
to find out for themselves this kind of basic task. Technology is moving forward and changing the way we do
business and live in the world [42]. For example, researchers have created an Al-powered robot that can
solve the puzzle autonomously, involving children inserting shaped pegs into the correct hole. The robot will
solve the classic children's puzzle through a mechanism called Machine learning [43], a trial and error
version of the automation. For instance, researchers may tell the robot to fit the square peg into the square
hole and figure out how to do that. Big data technology [44] is leveraged by more than 53% of the world’s
companies. This is a major jump from just 17% in 2015. More companies are using data science technologies
to streamline their processes and develop their organizational structures [45]. As a result, the exciting career
prospects for data scientists are booming, this will synergize with sensor fusion, automation, machine
learning and 5G [46-53], blockchain technology, internet and Al to yield a mind blowing and more advanced
future.
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4.3. Future of fear

Future of fear is less of a new technology and more of a theory. The future of fear is about disabling
the concerns people have about the future of technology. People create fears that they associate with
technology's future but that aren't established in machines or 1oT. After all, technology is, and has always
been, an instrument that we are in charge of making human life more successful. Figure 4 depicts the future
and trending synergies and births of mechatronics. Our entire modern world revolves around the electric
advances society has made. Technological developments continue to evolve and develop in ways that are no
longer visible by the scale of the technologies that we are developing, but by the creative ideas that we are
able to bring into practice. Figure 5 reveals the original ideology of mechatronics together with current and
emerging fields in mechatronics as a result of advancement in technology. Mechatronics is a field that opens
the door to possibilities for new breakthrough ideas that can change everyday life. Although technology and
the future have been envisaged in several different ways, the resources are given to futurists and tech
companies to see what the world will look like in 10 or 15 years ' time, and of course more technological
advances are coming.
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Figure 5. Current and future trends in mechatronics from the basic interdisciplinary synergy

5. CONCLUSION

This study has presented the future and emerging trends and technologies of mechatronics, which
will create awareness of what to expect in the nearest future. Incorporation and integration of the highlighted
technologies will yield a more robust system. Mechatronics will build several new pathways into an exciting
future. Indeed, mechatronics opens up powerful technical possibilities that would never be possible through
the adoption of a classic sub-system or conventional, single methods of discipline. Mechatronics describes
the outcome of the process, and this insight of course lends itself to the concept of total quality.
Technological advances change all branches of industry and affect everyone. Data-science practitioners will
succeed irrespective of their past career history. In addition, mechatronic technologies are enhancing the
society's quality of life and transforming essential areas such as medicine. Today, developments of artificial
intelligence and machine learning (ML) are revolutionizing the market environment, driven by the expertise
of talented data scientists. Efficient mechatronic design will result in cost-effectiveness products which are
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extremely attractive to consumers. In contrast, products designed in the more traditional, sequential way
appear old-fashioned, have limited capabilities and lack consumer appeal. Mechatronics supports broad areas
of interdisciplinary expertise. Improving our way of life and the goods we use is not constrained by the
common fields limits. With the ever-changing demands and requirements of a dynamic and complex world,
to keep in tandem, technologies and inventions have to progress at a very fast pace. In the nearesst future,
mechatronics will play a major role in enhancing the reliability, protection and affordability of products.
Future research will look into the negative effects of these technologies and necessary solutions to mitigate
the threats.
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