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ABSTRACT

Rigorous advancements in robotics and mechatronics are driving a profound change to
the manufacturing landscape. Intelligent automation systems are method of production
reshaping the way we produce, enhance efficiency and open new possibilities as industries
embrace the fourth industrial revolution. This detailed review examines conjoining
robotics, mechatronics, and sophisticated manufacturing that is on the leading edge,
highlighting coming up trends that would drastically change the sector. It’s an era of
unprecedented productivity brought about by smart technologies, from collaborative
robots working alongside humans to the use of Al for product quality control. In this
post, we review how these technologies are being utilized in different industries, the
hurdles that accompany utilizing them, and how they pave the way for the future of
manufacturing. Let’s discover this exciting frontier between mechanical engineering
and artificial intelligence, opening the greenway to the smarter, more adaptable, more
energy efficient production environments.
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INDUSTRIAL RoBOTICS EVOLVES

Industrial robotics is something of a journey. As the
field has evolved from infancy with first rudimentary
automated systems to present day sophisticated
collaborative robot, the evolution has been pronounced.
The driver of this transformation has been advances in
artificial intelligence, sensor and material technologies.
In the early days, industrial robots were mainly used for
simple pick and place jobs in simple assembly line kind
of jobs. Larger, and more expensive, these machines
required a great deal of safety to keep human workers
at arm’s length. But as technology advanced robots grew
more versatile and increasingly were able to handle
more complex tasks with greater precision and speed.

In the 1970s, the introduction of programmable logic
controllers (PLCs) marked an important milestone -
though it was a source of increased flexibility, and
even easier for the reprogramming of robotic systems.
This was a big deal, it enabled robots to be used in
more manufacturing applications with applications
like welding, painting, material handling, packaging.
In recent years the direction of robotic systems
has been moving towards more collaborative and
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intelligent systems. In the factory there is direct human
robot interaction for the opportunities of cobots, or
collaborative robots. With advanced safety features
and easy to understand interfaces, these machines are
designed to be useable by workers without a background
in specialized programming.

In addition to that, industrial robots have received
extra abilities using artificial intelligence and machine
learning. The systems can now adapt to changing
conditions, learn from experience, and decide, based
on real time data. This cognitive ability turns out to be
a basis for flexible manufacturing and customization.
Going forward we find less and less separation between
robotics and mechatronics. The newly available sensors,
actuators, and control systems are leading to creation of
highly sophisticated robotic platforms that are capable
of highly accurate and efficient performance of intricate
tasks. 4!

Collaborative Robots: Closing the Human Machine
Divide

The paradigm shift has been collaborative robots, or
cobots. Cobots are different than traditional industrial
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robots which operate alone; cobots are intended
to work alongside human workers, in concert, for
increased productivity and flexibility. Cobots have an
inherent safeness to them. These robots detect human
presence and adjust their behaviour with advanced
sensors and force limiting technologies. It eliminates
the need for safety cages, and allows direct human
robot collaboration in shared workspaces. Cobots have
democratized robotics: they are the first type of low
cost and user friendly robots. Intuitive interfaces for
programming many cobot systems, or by physically
guiding the robot arm, through desired movements, are
available. Since few small or medium-sized enterprises
can afford traditional automation solutions, this ease
of use has made robotics not only possible but also
accessible to them.

Cobots are great for jobs that involve a marriage of
strength and precision — it’s hard for humans to lift
heavy things and perform fine manipulations at the same
time. Take motion segmentation for example in which a
human worker is handling bits of an intricate component
while a cobot is performing repetitive fastening or
positioning task. However, in a symbiotic relationship
it helps overall productivity but with lowered physical
strain on human workers. Cobots are flexible for high
mix low volume production environments. This allows
for agility in response to market demands, and they
can be reprogrammed and redeployed to other tasks as
those production needs change. And as cobot technology
continues to improve, we are beginning to see more
sophisticated systems with greater sensing and Al driven
decision making. Real time, these next generation
cobots can learn from human coworkers as they adapt
to their environment in real time, and improve their
performance over time. Collaborative robotics goes
beyond the factory floor. Cobots help to address skills
shortages by augmenting human capability, not as
replacement workers, but rather, in creating new job
roles focused on operation and maintenance of the
robots.57]
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MANUFACTURING RoBoOTICS WITH Al AND ML

Now, the integration of artificial intelligence (Al) &
machine learning (ML) is helping drive a new age of
smart automation in manufacturing robotics. And
these technologies are now enabling robots to perform
really complex tasks with greater autonomy, greater
adaptability, and greater overall efficiency. Predictive
maintenance is one of the biggest of the various Al
applications in manufacturing robotics. Al algorithms
take advantage of a great volume of sensor data by
detecting a series of patterns and anomalies that
could indicate that equipment is poised for failure. An
approach that proactively maintains robotic systems
helps avoiding downtime and extending the lifespan of
such systems. Deep learning algorithms in machine vision
systems have disrupted the quality control processes.
Products are inspected in these systems at high speeds
with such an accuracy that human capabilities can hardly
match. Subtle defects, consistant quality, and the ability
to cater to new product variations are possible without
extensive reprogramming.

Robotic movements have increasingly benefited from Al
driven path planning and optimization algorithms. These
systems continuously analyze the production environment
and requirements of tasks to dynamically adjust robot
trajectories to minimize energy consumption and cycle
times. Human Robot Interaction is becoming more intuitive
with Natural Language Processing (NLP). Voice controlled
robots can be found everywhere around manufacturing
settings ranging from directing commands and receiving
feedback from natural speech. At present, reinforcement
learning techniques are used to teach robots to carry
out complex tasks by trial and error. In this approach,
robots learn optimal strategies for dealing with all sorts of
scenarios without the need for explicit programming, and
in so doing, their performance increases over time. We are
beginning to hear about “digital twins” in manufacturing
robotics. Based on these virtual replicas of physical
robotic systems, the use of simulation and optimization is
possible before the process has been implemented in the
real world. Then Al algorithms can analyze these digital
twins to figure out which potential problems they reveal,
and which positive changes can help. We’re starting to
see more distributed Al processing in robotic systems
because as edge computing becomes more capable, you
don’t need things to be as centralized. This facilitates
the making of decisions faster and lessens the time for
latency in time critical applications. "

Advanced Sensors and Perception Systems (ASPS)

Robotics and mechatronics in manufacturing have
been driven by the evolution of sensor technology.
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Therefore, modern robotic systems possess an
unprecedented array of sophisticated sensors that
allow it to perceive and interact with its surrounding
environment with unprecedented accuracy and control.
Recently, vision sensors have advanced quite a bit.
Combining high resolution cameras with advanced image
processing algorithm, robots can recognize objects,
assess quality, or guide precise movements; 3D vision
systems based on technologies such as structured light
and time of flight sensing are offered by the systems
that provide depth perception for tasks like bin picking
or assembly. Many robotic applications are realized
with force and torque sensors, and especially in a
collaborative environment. The sensors enable robots to
react to physical interactions, such as those required for
delicate object handling, or for safe operation around
human workers.

A sense of touch is being brought to robotic systems with
tactile sensors. They can include simple pressure sensors
all the way to arrays that can detect texture and slip.
Such capabilities are important for fine manipulation
tasks, i.e. electronics assembly or delicate materials,
or for carrying out the teeth sorting task. Robots get
spatial awareness from inertial measurement units
(IMUs), so that they can balance and navigate through
complex environments. It is especially important
for mobile robots and autonomous guided vehicles
in manufacturing. Applications are being found for
acoustic sensors in predictive maintenance and quality
control. These sensors work by analyzing sound patterns
to detect anomalies in the way a machine operates or
how a product is made that are not spotted by visual
inspection alone.

More robust and reliable robotic systems are being
enabled by the ability to integrate multiple sensor types,
referred to as sensor fusion. If robots are to function in
demanding environments, they must use the information
in their environments effectively, and they can do this by
combining data from different sources. Recent progress
in miniaturization and cost reduction is enabling more
and more sensors to be integrated into robot systems.
This trend has arisen in more and more context aware
adaptable robots capable of handling a variety of tasks.
New capabilities in manufacturing robotics are emerging
from the development of soft and flexible sensors. They
are sensitive to forces on soft materials or to complex
geometries, due to their ability to conform to such
irregular surfaces and feedback on deformation. With
the development of the sensor technology we can expect
the robots to be more and more perceptual capable,
and thus more autonomous and flexible in the dynamic
manufacturing environment.l'24
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PRECISION MANUFACTURING SYSTEMS EMPLOYING
MECHATRONIC SYSTEMS

Precision manufacturing today is largely built on the
concept of mechatronics including the synergistic
integration of mechanical, electrical and software
systems. And these largely interdisciplinary systems
are making it possible for unprecedented levels of
accuracy, speed, and flexibility in production processes.
High precision positioning is one of the areas in which
mechatronic systems excel. Nanometer positioning
accuracy is realized by advanced motion control systems
comprised of smart actuators surrounded by real time
data from high resolution encoders. In semiconductor
manufacturing and optical component production, this
capability is critical. Another hallmark of advanced
mechatronic design are adaptive control systems. These
systems have the ability to adapt their parameters in
response to real time feedback driving parameters
that automatically compensate for material property
variations, environmental condition changes, or wear
and tear. The adaptable nature of this ensures that it
continues to perform consistently through time and
across different production runs.

Table 1: Components in Robotics and Mechatronics for

Manufacturing
Component Functionality
Actuators Actuators provide the necessary mechan-
ical motion in robotic systems, enabling
precise movements and control in manu-
facturing processes.
Sensors Sensors gather real-time data from the

environment, providing feedback to
control systems to adjust actions and
improve precision in manufacturing tasks.

Control Systems | Control systems coordinate the actions
of robotic and mechatronic components,
ensuring that the manufacturing process

is efficient and accurate.

Robot Arms Robot arms are integral to robotics, used
for handling materials, assembling parts,
or performing tasks with high precision

and repeatability.

End effectors are tools attached to the
robot arm, designed for specific tasks
such as gripping, welding, or assembly in
manufacturing operations.

End Effectors

Programming In-
terfaces

Programming interfaces enable human
operators to configure and control robot-
ic systems, often with intuitive software
for setting parameters and commands.

Smart materials and structures integration with
mechanical electronics constitute a thrust that
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is pushing the limit of the state of the art in the
fabrication of precision machinery. Highly responsive
and precise actuation mechanisms are being created
using shape memory alloys, piezoelectric actuators
and magnetorheological fluids. Given its sensitivity
to noise, microelectromechanical systems (MEMS) are
becoming a key part of mechatronic design. Miniaturized
devices, containing sensors, actuators and sometimes
even full mechanical systems in a single footprint, are
allowing different levels of functionality and integration
in manufacturing equipment. In many precision
manufacturing  applications, advanced vibration
control techniques are critical. Current inventions
for maintaining stability and accuracy in high speed
machinery can include active and passive damping
systems with or without incorporation of smart material.

| am living the concept of ‘digital twin’ that sees its
application to mechatronic system, in the form of virtual
modeling and simulation of complex manufacturing
processes. This approach optimizes system parameters
and predicts performance for different conditions before
physical implementation. Mechatronic system design is
concerned increasing emphasis on energy efficiency. In
high performance equipment, regenerative drive systems
which recover and reuse energy from deceleration or
braking, are proliferating. More and more mechatronic
systems are becoming autonomous and selfoptimizing
through the integration of artificial intelligence.
Large amounts of sensor data can be analyzed using
machine learning algorithms to find the best operating
parameters, and predict the needed maintenance. For
mechatronic systems of increasing complexity, modular
and reconfigurable designs are of increasing interest.
It makes it easier to maintain, upgrade, and adapt
to change in manufacturing requirements. Additive
manufacturing (3D printing) and robotics are converging
to provide new frontiers in advanced manufacturing.
This synergy is letting us build increasingly complex
geometries, custom products and new materials in ways
that we have never had and never thought possible.

The scale and capabilities of additive manufacturing
are being expanded by robotic arm based 3D print
systems. They are able to produce huge scale parts with
greater freedom of movement than that of gantry based
printers. Overhanging structures are created with multi-
axis robotic printing without the necessity for support
materials. Currently, in industry hybrid manufacturing
systems combining additive and subtractive processes
are on the rise. With these systems, parts can be made
using high precision and complex geometries with no
switch between 3D printing and machining operations.
The printing process in robotic additive manufacturing is

5+ I

optimized by advanced path planning algorithms. These
tools produce efficient toolpaths that minimize material
waste, reduce build time, and increase part quality.
The combination of in situ monitoring and closed loop
control systems is improving reliability and quality of
robotic 3D printing. Part quality is ensured by real time
sensors that detect and correct for anomalies during
the printing process. Robotic systems are enhancing
the multi material printing capabilities. These systems
consist of multiple print heads or material feeders
that enable parts with different material properties or
embedded functional components.

A robotic post processing of 3D printed parts is now
streamlining the manufacturing workflow. These tasks
can be automated by systems, with automated removal
of support, surface finishing, and quality inspection that
will eliminate manual intervention. The collaborative
robot is applicable for use in additive manufacturing
environments where they are used to perform tasks such
as material handling, part removal and machine tending.
To that end, additive manufacturing is becoming
more human and robot friendly. With an expansion of
printable materials, the development of specialized end
effectors for robotic 3D printing is occurring. Robotic
systems are evolving to work with everything from
high temperature thermoplastics to metal powders to
concrete. As new dimensions of additive manufacturing
and robotics emerge, we are likely to see increasing
integration and autonomy in production systems. What
they might be are swarms of mobile 3D printing robots
that can collaboratively produce larger structures or self
replicating factories.['>1¢]

CONNECTED MANUFACTURING SYSTEMS AND loT

Manufacturing is revolutionised by the Internet of Things,
which generates connected ecosystems of machines,
sensors and data analytics platforms. In so doing, this
connectivity is making possible unprecedented levels
of monitoring, control, and optimization of the entire
process of production. Real time data on equipment
performance, environmental conditions, and product
quality is being collected by smart sensors embedded
throughout the manufacturing environment. The data
generated in this way serves as the basis for predictive
maintenance strategies, which means that downtime
is minimized and the lives of manufacturing assets
extended. With its loT based implementation — loT
enabled manufacturing — edge computing is increasingly
important. This means edge devices can process data
closer to source, so they can provide real time insights
and control without heavy latency and bandwidth
demands for such critical operations.
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The incorporation of virtual replicas of their production
systems based on digital twin technology, enabled by loT
data streams, gives manufacturers the opportunity to
create digital twins. They can be used for simulation,
optimization and predictive analytics to make more
informed decision as well as process improvement.
Wearable devices and augmented reality systems are
becoming popular in allowing real time information and
guideline provision to the ‘connected worker’ on the
shop floor. It improves worker safety, productiveness,
and decision making capabilities. From inventory
management to supply chain visibility, loT enabled asset
tracking systems are making that happen. With material,
tool, and final product real time location data, logistics
is optimized and waste is reduced in manufacturing
operations. The integration with loT works for energy
management too. Smart metering and monitoring
systems makes the process of manufacturers finding
energy intensive processes easy and can help them
target their efficiency improvements.

The capability of blockchain technology to enhance
security and traceability in loT enabled manufacturing
systems is researched. In addition, this can help avoid
data integrity problems and have a tamper proof track
of production process and supply chain transactions.
loT in manufacturing is set to gain more abilities with
the development of 5G networks. This will allow for
more sophisticated real time data analysis and control,
in applications such as mobile robots or ‘Augmented
Reality’, that demand a high bandwidth and low latency.
loT in manufacturing is becoming more and more adopted
but there is a lot of emphasis on interoperability and
cybersecurity standards. The industry is struggling to
make sure that does not happen and it is tackling the
issue of seamless communication between disparate
devices and protection sensitive data [17]-[18].

Manufacturing with Autonomous Mobile Robots

Autonomous mobile robots (AMRs) are changing the
way that manufacturing environments perform material
handling and logistics. These are highly adaptable
machines that are able to navigate complicated factory
floors, adapt to changing situations and do any number
of tasks without human intervention. AMRs utilize an
advanced navigation systems that include technologies,
such as LIDAR, computer vision and inertial measurement
units, and that enable AMRs to create and update maps
of their environment in real time. By allowing navigation
around obstacles and changes to the layout of the
factory, they can get about efficiently. In manufacturing
settings, the deployment of multiple AMRs is being
optimized by fleet management systems. These systems
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are able to coordinate the movements of many robots by
dynamically operating on assigned tasks under priorities
and workloads.

ERP Level

Management Level
Supervisory level

Control Level

Field Level

Fig. 2: Manufacturing with Autonomous Mobile Robots

So the capabilities of AMRs are expanding with the
addition of features like collaborative functionality.
There are some models that work together with
human operators or behind them or in front of them
to certain places, making the part of the operation
more efficient. AMRs are becoming more versatile and
adaptable because of modular design approaches. The
same robot platform can perform different tasks starting
from transporting materials to assisting with assembly
process by means of interchangeable attachments and
payloads. AMRs are being given better decision making
skills by artificial intelligence. These robots are able
to optimize their routes, predict traffic patterns and
even forecast required material based on production
schedules using our machine learning algorithms. AMR
design requires consideration of energy management.
That operational time is being extended with advanced
battery technologies and wireless charging systems that
help to reduce downtime for recharging.

The research on Swarm Robotics Concepts is paving the
way for multiple AMRs to work in coordinated action.
Such an approach could also open the door to larger and
more flexible and scalable material handling systems in
larger manufacturing facilities. Materials and information
flow in manufacturing operations is being streamlined
by integration with warehouse management systems
and enterprise resource planning (ERP) software. These
systems can provide tasks directly to AMRs, enabling
just in time delivery of components to production lines.
What this means is that as AMRs roll into manufacturing
environments, people are starting to get very interested
in the human robot interaction design. With AMR, it
is important that our interfaces are intuitive, that we
communicate robot intentions clearly and that we can
seamlessly integrate AMR with existing workflows.

T —— 55



Janis Anna and Andris Ilze Martins : Robotics and Mechatronics in Advanced Manufacturing

Human Machine Interfaces and Augmented Reality

Human machine interfaces (HMIs) and augmented reality
(AR) are allowing the evolution of how workers interact
with manufacturing systems. They are helping operator
efficiency, reduce error and are highly intuitive controls
of the complex machinery. Large format touchscreens
and multi touch gestures are becoming standard in
modern manufacturing equipment and using touch
based interfaces. Once these interfaces, which are easy
for operators to control, are adopted, the operators
have direct access to machine controls, process data,
and troubleshooting information. Applications of voice
control and natural language processing are being found
in hands free operation of manufacturing systems.
As a result, this is very useful for situations when the
operator needs to comply with sterility requirements or
when they are taking care of other procedures.

Among other areas, smart glasses and augmented reality
headsets are changing maintenance and assembly
processes. These devices overlay digital information
on the physical world, with instructions ranging from
step to step to highlight components or even perform
a remote expert assisted on site service. More natural
interactions with robotic systems are being enabled with
gesture recognition systems. Without the cumbersome
controls of keyboards and joysticks, they can control
robots or manipulate objects in a virtual world using
hand movements, thereby offering a more intuitive
way to program and control complex machinery. Haptic
feedback technologies are growing to facilitate a
sharp tactile experience when interacting with digital
interfaces. It is especially useful for simulating the feel
of physical controls or supplying non visual cues in noisy
manufacturing environments. HIMs are understanding
the concept of “digital twins,” so that operators can
interact with virtual representations of manufacturing
processes. It lets you train, simulate and optimize the
process without disrupting the current production.

More and more common are adaptive user interfaces
that change according to the user’s experience level
or at the moment of the current task. These intelligent
interface can be given more, or little information as
required, optimizing the experience for all that use
them. Interface control and operator monitoring is being
explored using eye tracking technology. This can support
hands free navigation of complex interfaces, and can
suggest areas where operators might require additional
assist or identification of potential safety hazards. With
the increasing complexity of the manufacturing systems,
it comes to encourage a unified interface which control
not a single machine but multiple machines or even

s

entire production lines. Instead, these integrated HMIs
provide a holistic view of the manufacturing process
allowing for better informed decision making about
process bottlenecks. Brain up to computer interface (BCl)
constitute a front door in human machine interaction.
Although still in the early stages of development, these
systems may one day prove capable of direct mental
control of manufacturing equipment.l'®-2"]

Table 2: Robotics and Mechatronics on
Advanced Manufacturing

Impact Area Effect

Productivity
Enhancement

Productivity enhancement comes from
automation, reducing downtime and in-
creasing output rates in manufacturing
environments.

Cost Reduction | Cost reduction is achieved by minimizing
labor costs, reducing human error, and
improving the efficiency of production

processes with robotics.

Quality Quality improvement is achieved through

Improvement consistent and precise performance, re-
ducing defects and increasing the overall
reliability of manufactured products.

Flexibility in Flexibility in production is enhanced

Production by mechatronics systems that allow for
quick reconfiguration and adaptation to
different manufacturing needs or product
designs.

Safety Safety improvements in manufacturing

Improvements are a direct result of robots performing
dangerous tasks, reducing the risk of inju-
ry for human workers.

Innovation in Innovation in design is fostered as robotics

Design and mechatronics enable the development

of complex parts and systems that would
be difficult or impossible to produce
manually.

SMART MANUFACTURING AND CYBERSECURITY

Cybersecurity is now critical in the context of more and
more digitally connected and digitized manufacturing
systems. In the ambition of smart manufacturing, the
protection of sensitive data is pivotal as well as the
maintenance of control systems integrity. Network
segmentation and access control are two basic methods
of securing a manufacturing environment. Manufacturers
can minimize the impact of a security breach for them by
isolating critical systems and employing strict protocols
for authentication. More and more data both in transit
and at rest are being protected using encryption
technologies. It is of particular importance for the
protection of proprietary manufacturing processes and
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certain customer information. More and more intrusion
detection and prevention systems (IDPS) tailored for
industrial control systems are being developed. These
systems are capable of detecting anomalous behaviour
in manufacturing networks and instantly responding to
a likely threat.

Manufacturing equipment and software are developing
with a ‘security by design’ trend. The approach is
characterized by security consideration in both product
lifecycle phases, that is, from the very first design to the
continualupdates and maintenance. Smart manufacturing
environments are now using regular security auditing
and penetration testing as a standard practice. Thus
these assessments determine vulnerabilities and
ensure that security measures continue to be proved
effective against any evolving threat. Maintaining your
security posture can be done through employee training
and awareness programs. By educating staff about
best practice cybersecurity and threat scenarios, the
culture of security within the organization is created.
Using OPC UA (Open Platform Communications Unified
Architecture) style secure communication protocols
specifically designed for manufacturing systems is
increasing the security of the data exchange between
manufacturing systems. While blockchain technology is
examined as a method of improving data integrity and
traceability around manufacturing. It can ensure that
tampering records of production are prevented from
happening and thus have a secure clear basis for supply
chain management. With more and more manufacturing
uses adopting cloud services, there’s an increasing
pressure to adhere to the best practices for cloud
security. It includes setting up strong access controls,
encrypting data in transit and at rest and compliance
with relevant data protection regulations. Aid for risk
detection and response in manufacturing environments
is emerging from Al powered security tools. With these
systems, vast amounts of data can be used to pinpoint
potential security risks, which can work to stop these
from becoming major incidents.[?2-2*]

FUTURE TRENDS AND CHALLENGES

Let’s consider how newer trends and challenges look
on the verge of robotics and mechatronics in advanced
manufacturing. But these developments promise to
take production processes even further down the road
of revolution with new hurdles for industry to leap. By
integrating artificial intelligence and machine learning,
we can expect the acceleration of further autonomous
and self optimizing manufacturing systems. Such ‘lights
out’ factories could mean ‘factory workers gone’,
with people wondering where the manufacturing jobs
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will go. New possibilities for robotic and mechatronic
systems are now emerging from advances in materials
science. Possible avenues for more adaptable and
efficient manufacturing equipment might include smart
materials, nanomaterials, and biomimetic designs,
for making it possible for the equipment to operate in
extreme conditions and to perform tasks which were
never possible before. The idea of swarm robotics is
emerging as a way to incorporate flexible manufacturing
and assembly. Unprecedented levels of scalability and
adaptability within production environments is achieved
by coordinated groups of small, specialized robots that
could work together to perform complex task.

And given the tremendous increase in the importance
of data in manufacturing, these will need to be robust
and secure data management systems. It speaks to data
ownership, privacy and ethics as they relate to Al in
decision-making processes. Further evidence for this
trend of mass customization points towards the need for
more flexible, reconfigurable manufacturing systems.
This could form the basis of modular robotic platforms
that can tradeoff changing product specification and
production volumes very quickly. With increased
consideration of energy efficiency and sustainability
in the design of manufacturing systems, it is essential
to support scalable, nonperishable, and infrastructure
free solutions that can cater to the current and future
needs of the hosts. The future development may be
centered on developing more energy efficient robots
and mechatronic systems or discovering methods of
integrating renewable energy sources in production.

CONCLUSION

Perhaps the most immediate application of this
development for manufacturing would be in complex
optimization problems and materials science simulation.
Despite impressive progress, however, the integration
of quantum technologies into factory floors as applied
manufacturing tools remains a formidable challenge. For
example, as manufacturing systems get more complex
and more coupled, their reliability and their resilience
will become crucial. Part of this involves designing
systems which perform robustly in the presence of
partial failures, while other includes developing robust
fault detection and recovery mechanisms. Manufacturing
supply chains are becoming more and more globalized and
robotics and mechatronics also offer both opportunities
as well as challenges from that globalization. It plays well
in terms of accessing a wider array of technologies and
expertise, but comes with issues over how to standardize
and how to interoperate and how geopolitical issues may
need to be accomodated. With the rapid technological
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change, the demand for a flexible and continuous
learning approach to workforce development increases.
To keep pace with changing technologies, manufacturers
are going to have to invest in training programs and
educational partnerships to make sure their workforce
understands how to work them. The field of robotics
and mechatronics in advanced manufacturing is on the
verge of unprecedented rapid evolution, concludes. The
challenges are huge, but the potential gains in terms
of productivity, quality and innovation are also huge.
Academia, industry, and policymakers team together to
address these challenges, we can expect to witness the
birth of a new era of products designed, manufactured
and distributed to consumers all around the world.
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