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ABSTRACT

Industry 5.0 envisions close cooperation
between humans and machines requiring ultra-re-
liable low-latency communications (URLLC). The
intelligent reflecting surface (IRS) has the poten-
tial to play a crucial role in realizing wireless
URLLC for Industry 5.0. IRS is forecast to be a key
enabler of 6G wireless communication networks
as it can significantly improve wireless network
performance by creating a controllable radio envi-
ronment. In this article, we first provide an over-
view of IRS technology and then conceptualize
the potential for IRS implementation in a future
smart manufacturing environment to support the
emergence of Industry 5.0 with a series of appli-
cations. Finally, to stimulate future research in this
area, we discuss the strength, open challenges,
and opportunities of IRS technology in modern
smart manufacturing.

INTRODUCTION

Smart manufacturing aims to increase productivity
and efficiency by integrating the physical world
with the cyber world through the Industrial Inter-
net of Things (IloT). lloT now connects millions of
industrial devices embedded in the physical world
to the Internet (or an organization’s intranet) and
allows for the integration of data generated by
them into information systems and business pro-
cesses and services. This framework is part of the
broader trend known as Industry 4.0. The integra-
tion of physical and cyber worlds as part of Indus-
try 4.0 is turning traditional industrial automation
and control systems into cyber-physical manufac-
turing systems.

A major driver in the transformation from
industrial automation and control into cyber-phys-
ical manufacturing systems is the introduction of
private 5G wireless networks into industrial envi-
ronments [1]. Looking further ahead, it is anticipat-
ed that the shift from 5G to 6G will also stimulate
a transition from Industry 4.0 towards Industry 5.0.
While Industry 4.0 will see enhanced introduc-
tion of robotics, we consider Industry 5.0 as the
next level of human/automation collaboration,
where humans and machines share the work, safe-
ly and seamlessly, rather than machines replacing
humans. In spite of the fact that robots are more
reliable than humans and can do more work, they

lack many of the fine motor skills that humans
have as well as adaptability and critical thinking
skills. In the Industry 5.0 era, robots/machines
will be used for repetitive, monotonous, dirty,
heavy-duty tasks that represent health hazards for
humans (e.g., repetitive strain injury, mental health
issues, physical injury). This will free humans up to
engage in more stimulating and interesting work,
which is harder to automate and requires critical
thinking. Thus, Industry 5.0 requires unprecedent-
ed collaboration between increasingly powerful
and precise machinery and the unique creativity
of human beings [2]. 6G is expected to develop
better integration of automatic and high-precision
manufacturing processes as well as integrating
machines and humans into control loops through
low latency and high reliability [3].

Compared to traditional wireless communi-
cations, industrial wireless communications are
already challenged due to metallic structures,
electromagnetic interference (e.g., from electri-
cal motor drives or welding apparatus), arbitrary
movement of objects (robots and vehicles), room
dimensions, or thick building structures. On the
other hand, full industrial automation requires
ultra-reliability and low-latency communications
in order to deliver sensor data and actuation
commands at precise instants with designated
reliability (i.e., to perform mission-critical indus-
trial processes). Collaboration of humans and
machines in Industry 5.0 will add more complexity
to the industrial wireless communication system.
In addition, the rising demand for many emerg-
ing services in innovative industries including
augmented/virtual reality (AR/VR) maintenance,
holographic control display systems, and so on
will bring forth new communication challenges
to industrial networks [3]. To meet the commu-
nication requirements of such services, Industry
5.0 needs to support advanced technologies such
as millimeter-wave/terahertz (mmWave/THz)
communications, advanced localization, and
efficient energy harvesting in complex industrial
environments. The key communication system
requirements’ for Industry 4.0 and Industry 5.0
are presented in Table 1.

A recently developed concept called intelligent
reflecting surfaces (IRSs) can serve as a potential
solution to many of the above challenges in future
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smart manufacturing. An IRS is technology that
can significantly improve wireless network perfor-
mance by creating a programmable radio prop-
agation environment. An IRS is a programmable
meta surface containing a large amount of small,
low-cost passive antenna arrays that can control a
propagating wave’s phase, amplitude, frequency,
and even polarization. It can increase the efficien-
cy of the wireless network in terms of data rate,
coverage, and connectivity. For instance, if a line-
of-sight (LoS) link is blocked, an IRS can create
a reflective link (i.e., a virtual LoS) to bypass the
obstacles between communicating devices.

This article aims to conceptualize the potential
for IRS implementation in a smart manufacturing
environment to support the emergence of Indus-
try 5.0. The system model is introduced. Sever-
al IRS applications specifically relevant to smart
manufacturing are presented. We then outline
significant future research directions related to the
challenges and opportunities associated with the
use of IRSs in modern smart manufacturing, and
provide conclusions.

INTELLIGENT REFLECTING SURFACES

The concept of an IRS is drawn from the concept
of a meta surface, which is a 2D form of meta
material. Generally, depending on its structural
parameters, this engineered man-made material
exhibits unique electromagnetic properties that
cannot be obtained with conventional materials.
The IRS is constructed with a large reconfigurable
array of passive sub-wavelength-scale scattering
elements (dielectric or metallic patches) that are
printed on a grounded dielectric substrate. The
size of these patches and their inter-element spac-
ing is usually half of the wavelength or smaller (5
to 10 times smaller) [4].

A meta material unit or patch element is capa-
ble of adjusting the phase and amplitude of a
reflected signal. The direction of reflected signals
from each of these elements can be adjusted in
the desired fashion (so as to interfere constructively
or destructively at the intended location) by con-
trolling their reflection coefficients in real time. This
phenomenon can be characterized by the concept
of reflectivity, which is defined as the ratio of the
reflected signals to the incident signals. The reflec-
tivity of the meta material unit can be obtained by
its state, the incident angles, and reflected angles.
The reconfigurability of the meta material units or
patch elements are achieved with the help of tun-
able low-power electronic circuit elements such as
positive-intrinsic-negative (PIN) diodes or varactor
diodes or radio frequency (RF) switches as shown
in Fig. 1 [4]. By controlling the bias voltages of the
PIN diodes, each PIN diode can be tuned between
ON and OFF states, which facilitates determining
the state of the meta material unit [5]. In order to
program or configure a smart surface or patch ele-
ments remotely, an IRS is equipped with a control-
ler (Fig. 1). The controller is connected to a base
station (BS) or access point (AP) to receive relevant
control and reconfiguring commands. Although it
is not explicitly shown in Fig. 1, an IRS can also be
equipped with sensors to help estimate wireless
channel conditions [4].

Although IRS technology is promising for
application in smart industries, it is still immature,
and there are several open issues that should be

Key performance indicator Industry 4.0

Industry 5.0

Data rate Up to 10 Gb/s
Latency 100 ms to 250 ps
Reliability (packet error rate) 105 to 10-8
Connectivity density 1 device/m?
Energy efficiency in communications 1x

TABLE 1. Key communications requirements for Industry 4.0 and Industry 5.0,

Up to 100 Gb/s
Less than 100us
Up to 10-10
10 devices/m?

10x that of Industry 4.0

Metallic/ dielectric patch

Grounded substrate

IRS controller

Base station or
access point

tunable’element
(PIN diode/Varactor diode/RF switch)

FIGURE 1. IRS architecture.

addressed including theoretical design and prac-
tical integration and engineering manufacture
of IRSs. A comprehensive study in this direction
can be found in [6]. Also, we discuss some open
issues associated with the application of IRSs in
modern smart manufacturing.

APPLICATIONS OF RS IN SMART MANUFACTURING

In this section, we present a number of use cases
for an IRS or multiple IRSs in a future manufac-
turing environment with many autonomous and
mobile devices, showing where their functionality
can be of particular use.

BLOCKAGE MITIGATION

Obstructions and blockage are major issues for
signal coverage and can cause intermittent and
poor connectivity. To circumvent obstructions, an
IRS can help steer the incident signals around an
obstruction and cover the area shadowed from
the base station. With its large number of passive
reflective elements, the IRS enables the adapta-
tion of a wireless environment to overcome the
blockage and provide a strong reflective non-line-
of-sight (NLoS) link.

In the following, we show the path loss char-
acteristics when using an IRS with a transmission
frequency of 30 GHz. We assume that the com-
munication link between BS and receiver is com-
pletely blocked and an IRS is set up to circumvent
the blockage, as depicted in Fig. 2. In our scenar-
io, we assume that the IRS is composed of N x N
elements which are positioned 20 m away from
the BS in such a way that the IRS has an LoS link
with both BS and receiver. Figure 3 shows the
end-to-end path loss as a function of the distance
d between the IRS and the receiver. This path loss
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FIGURE 2. Scenario for RS path loss analysis.
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FIGURE 3. Path loss characteristics of an RS as a function of the distance ¢/ between the IRS and the receiver,

is calculated using an IRS-based path loss chan-
nel model presented in [7]. We have also plot-
ted path loss for a scenario without IRS, which
is calculated using the Third Generation Partner-
ship Project (3GPP) indoor factory NLoS chan-
nel model with a dense cluttered environment.
Significant reduced path loss is observed with IRS
scenarios compared to the scenario without IRS.
With varying numbers of IRS elements, the figure
shows that for any given IRS-receiver distance,
over 10 dB received power gain can be achieved
by increasing N from 150 to 250.

This is a positive result to enable flexible smart
manufacturing environments, where a plant
reconfiguration can degrade a given area from
being covered by wireless signals to one that is
shadowed by machinery. Hence, the signal cov-
erage can be automatically adapted by steering
reflecting beams as the factory plant is reconfig-
ured without the need to redeploy network infra-
structure, as illustrated in Fig. 4. Furthermore, to
provide the best radio environment, the IRS could
be mounted in a mobile support unit, so its posi-
tion can be optimized according to the new floor
layout. This flexibility provided by IRSs is key to
enable features and applications that rely on high

coverage availability described in the following,
thus improving communication and operational
performance of a smart factory.

MILLIMETER-WAVE AND TERAHERTZ COMMUNICATIONS

Wireless communication for smart manufacturing
is characterized by strict link and system require-
ments regarding availability, reliability, and laten-
cy. For instance, a closed-loop motion control use
cases may demand cycle times lower than 1 ms
and 99.9999 percent service availability for more
than 100 nodes [8]. To support such application
requirements, mmWave or THz spectrum will pro-
vide wireless channels with wide bandwidth to
accommodate large numbers of nodes operating
with high data rate and low latency. However,
propagating mmWave/THz signals suffer from
very high path attenuation and lower penetration
through materials compared to lower-frequency
signals in the currently used sub-6 GHz bands.
This means that communication links are more
vulnerable to blockage, potentially affecting their
performance. Although the use of highly direc-
tional antennas can compensate for some of the
path loss, narrow beamwidths may make a link
even more vulnerable to blockage.

The mmWave/THz signals have wavelengths
at the scale of the surface roughness of many
objects, which suggests that scattering may not
be neglected as it can be at lower frequencies.
Also, the scattered power relative to the reflect-
ed power at mmWave/THz frequencies increases
with the incident angle, and lower reflection losses
(e.g., stronger reflections) are observed as frequen-
cies increase for a given incident angle. This means
that the signal energy can be more diffused in the
environment, and the propagation characteristics
are highly dependable on surfaces and incident
angles of the incident waves. Here, the applica-
tion of IRS for mmWave/THz could be a means
to generate a more predictable and controllable
channel to overcome the effects of scattering. To
implement this, we need to jointly optimize trans-
mit beamforming and IRS phase shift parameters,
maximizing the received power [9].

WIRELESS ENERGY TRANSFER

The envisioned future smart manufacturing envi-
ronment will consist of many wireless sensors
and actuators traditionally powered by batteries,
which deplete over time. Replacing depleted bat-
teries of thousands of sensors and actuators is a
costly task. Additionally, many sensors may be
installed in sensitive places that are not suitable
for frequent battery replacements. The use of
wireless energy harvesting, which allows sensors/
actuators to harvest power from a signal that was
intended for data transmission or power transmis-
sion, has been shown to be an excellent solution
to address this issue. The problem with wireless
power transfer, however, is the drop in wireless
power over large transmitter-to-receiver distances.
A wide range of techniques have been proposed
to overcome this power loss, such as waveform
design, energy transmission and scheduling, and
energy beamforming, which can be implement-
ed at the transmitter and/or receiver in order to
improve the efficiency of wireless power transfer.
Unfortunately, many of the above solutions are
not ideal for smart manufacturing environments
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FIGURE 4. Automatic coverage adaptation with an IRS when a factory floor is reconfigured due to production demand.

as they require significant signal processing capa-
bilities, which many low-power lloT devices do
not possess.

Smart manufacturing could benefit from wire-
less power transfer enhanced by IRSs. Thanks to
the deployment of IRSs close to [loT devices, the
issue of high path loss can be effectively alleviat-
ed by creating an energy-efficient charging zone
for those devices, as depicted on the left of Fig.
5. When IRSs are deployed correctly in LoS with
transmitters and receivers and their beamform-
ing capabilities are fully exploited, the received
power of nearby lloT devices can be substantially
increased. An energy receiver can take advantage
of an [RS’s passive beamforming to improve the
transmission efficiency of wireless energy while
simultaneously enhancing the signal strength at
an information receiver. Moreover, it realizes the
possibility of improving both the rate and energy
performance in wireless power transfer by increas-
ing the wireless charging efficiency. This in turn
helps to reduce the transmit power and provides
more flexibility in the design of transmit beamform-
ing for information receivers. The effectiveness of
passive beamformers for wireless power transfer is
expected to be crucial in practice. To achieve their
benefits, however, they require channel state infor-
mation at the energy transmitter.

SENSING AND LOCALIZATION

Sensing and localization in smart manufacturing
create the opportunity to continuously monitor
individual products, providing the possibility for
product customization through tighter control,
management, and analysis of critical manufactur-
ing parameters. Thus, acquiring the precise loca-
tion of objects and being able to sense local
information and ambient parameters in the envi-
ronment in industrial settings are becoming indis-
pensable to enable location- and sensing-based
services and applications. For example, the trans-
parent production and logistics processes of smart
manufacturing can be improved significantly by
knowing what is happening when, where, and
how. Automated guided vehicles can improve
production supply, assembly lines (through trans-
port platforms), and warehouse logistics systems.
IRSs offer significant advantages for precise local-
ization (e.g., using the angle of arrival method)

and high-resolution sensing solutions in industrial
settings since it can actively customize the prop-
agation environment, as illustrated on the right
of Fig. 5. The underlying idea of wireless signal
sensing is based on the principle that receivers can
identify the effects that sensing targets have on
wireless signal propagation. The receiver exploits
the observations to detect target behavior. Unlike
conventional sensing techniques, IRS-assisted sens-
ing creates a controllable radio environment in
preferred directions interacting with sensing tar-
gets. As a result, IRS-assisted sensing does not
require an LoS link between the receiver and the
sensed target [10]. On the other hand, in IRS-as-
sisted localization, an IRS is deployed between
the AP and receiver in such a way that the AP can
investigate a user’s reflected signal through various
IRS configurations to achieve accurate locations.

MoBILE EDGE COMPUTING

IRSs can support mobile edge computing (MEC)
in smart manufacturing. The MEC paradigm
extends computing resources from the cloud to
the network’s edge. Future smart factories will
have a very large number of wireless devices gen-
erating large volumes of data in real time. Gen-
erally, these devices do not possess the required
processing power and battery capacity, creating
the need to offload processing operations to the
edge servers (preferred) or cloud platforms. This
helps to reduce the end-to-end delay and avoids
unwanted network congestion [11].

An IRS can help establish strong wireless com-
putation offloading links, reducing packet losses/
retransmissions and enhancing spectral and ener-
gy efficiency. As shown in Fig. 5, an IRS-assisted
MEC system in a smart factory consists of one or
more APs/BSs with co-located edge computing
nodes/servers, IRS elements along with its con-
troller, and large numbers of field devices. MEC
servers are usually co-located with the APs for
ease of joint optimization of computational and
communication resources. Usually, in an industrial
environment, the APs mounted on the ceiling are
connected to the edge servers on the shop floor
over a wired connection (e.g., fiber). This limits
the flexibility of the smart factory. The application
of IRSs, along with upcoming wireless technolo-
gies (5G/6Q), helps replace this with a completely
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In any wireless network,
one of the most important
tasks is to allocate radio
resources optimally. In

general, IRS radio resource

management is mainly con-
cerned with power alloca-
tion, bandwidth allocation,
and node-IRS connectivity.
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FIGURE 5. IRS-assisted wireless energy transfer, data offloading for mobile edge computing, and high-accuracy localization,

wireless link with ultra-high reliability, low latency,
and high bandwidth. There can be several distrib-
uted edge computing servers on the shop floor,
and the wireless devices can offload their com-
putations to their nearby servers wirelessly. A vir-
tual LoS link with enhanced channel gain can be
established between the field devices and the AP/
edge server by adequately tuning the IRS reflecting
elements, which helps to offload data to the MEC
server more quickly. The processed results/control
actions are also quickly fed back to end nodes,
shortening the end-to-end delay. Currently, in many
smart manufacturing applications, local node pro-
cessing is adopted due to weak communication
links, resulting in idle resources at the edge. Thus,
IRSs can help to exploit powerful edge compu-
tational resources better by making them more
accessible to an increased number of wireless field
devices. However, carrying out the optimal com-
putational resource allocation at the edge servers
along with the communication resource allocations
at the BS/AP and the dynamic tuning of IRS reflec-
tion coefficients will be a major challenge.

CHALLENGES AND OPEN ISSUES
ENVIRONMENT-AWARE PASSIVE BEAMFORMING

One of the main challenges for the success-
ful application of IRSs in smart manufacturing is
designing environment-aware and dynamic passive
beamforming. In practice, the design of IRS pas-
sive beamforming is determined by the discrete
amplitude and phase shift levels of each element.
A beam steering process requires coordination of
the phase control of individual scattering elements.
Despite limited phase shifts available at an indi-
vidual IRS scattering element, an IRS with a large
number of scattering elements can enable more
flexible phase tuning. However, computational
complexity is a price to pay for such flexibility.
Moreover, a larger number of scattering elements
means greater difficulty in channel estimation,
which could hinder efficient phase control.

While exhaustive search may provide the best
solution for determining the best amplitude/phase-
shift levels, the approach is computationally com-
plex, and may be infeasible for scenarios where

energy savings are paramount. Efficient algorithms
are therefore required to estimate channels and
control phase shifts of all scattering elements in
real time following the dynamics of the radio
environment. A practical solution as opposed to
exhaustive search can be achieved by solving the
problem with continuous amplitude and phase
shift values, and then calculating the closest dis-
crete values of the obtained solutions [12].

To realize practical and efficient IRS beam-
forming, machine learning approaches can assist
to effectively resolve the above problems by using
locally observed information in the smart manu-
facturing environment. High numbers of scatter-
ing elements and sensors means that a significant
amount of information can be collected during
channel sensing, facilitating machine learning
approaches based on large datasets. The use of
data-driven machine learning has the potential to
minimize the overhead of information exchange
between the IRS and active transceivers. In an
IRS-based smart manufacturing environment,
however, machine learning approaches must be
designed to fit the hardware constraints. Large-
scale experimental evaluations are essential to
gain more insights into the effectiveness of passive
beamforming of IRS in real-world deployments.

RADIO RESOURCE MANAGEMENT

In any wireless network, one of the most import-
ant tasks is to allocate radio resources optimal-
ly. In general, IRS radio resource management is
mainly concerned with power allocation, band-
width allocation, and node-IRS connectivity. Due
to the specific dynamics of interference in IRS-en-
abled wireless environments, transmit power allo-
cation is an essential component for the effective
operation of an IRS-enabled environment. In
smart manufacturing, numerous wireless devices
embedded in machines, autonomous vehicles,
and the environment coexist in close proximity,
making this an even more pressing problem. In
order to minimize interference while maximizing
the system’s capacity, effective power allocation
approaches need to be developed. On the other
hand, bandwidth allocation determines the most
suitable allocation of users to different sub-chan-
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nels to increase bandwidth efficiency. Due to the
frequency-agnostic nature of IRS elements, one
common IRS reflection matrix is shared among
sub-channels, making optimization problematic.
In order to address the problem, dynamic passive
beamforming can be used. In this scheme, the
resource blocks are dynamically assigned to differ-
ent user groups with different IRS phase shifts for
different time slots.

Another major challenge in enhancing the wire-
less network performance using IRSs lies in associ-
ating users/wireless devices to IRSs and selecting
their communication mode. Some wireless devices
may have an excellent direct LoS link with the BS
and hence need not be associated with any IRS.
Other devices may make use of single reflection
links for better network performance and need to
be associated with either the user-side or BS-side
IRS, while still others may take advantage of both
the single reflection and double reflection links.
Most of these wireless devices in a smart factory
are highly mobile, which results in a highly chal-
lenging dynamic IRS-user association. To assign
users optimally to different IRSs, the channel state
information (CSI) of all communication links is
essential, which is very difficult to obtain in prac-
tice. How beneficial it is to integrate sensing
devices onto IRSs for channel sensing, making it
semi-passive, is another question that needs to be
investigated. Another challenge lies in establishing
a reliable wireless communication link between the
IRS controller and the BS. Industry 5.0 forecasts
the replacement of the rigid wired communication
links in a smart factory, questioning use of wired
backhaul links between IRSs and BSs, especially
when they are distributed across the shop floor.

CHANNEL CHARACTERIZATION

There are two major challenges for end-to-end
analysis of an IRS system. First, to analyze the
performance limits of an IRS link, new channel
propagation models are needed to obtain the link
budget analysis. Path loss models depend on sev-
eral parameters including the size of the IRS and
the mutual distances between the transmitter/
receiver and the IRS [13].

Second, to decode the signal reflected by the
IRS, the channel should be properly estimated.
In addition to estimating the direct link between
transmitter and receiver, two IRS-assisted chan-
nels need to be estimated (i.e., the transmitter-IRS
and IRS-receiver channels), and they cannot be
separately estimated via traditional training-based
approaches in general because IRSs are typically
passive and cannot perform channel estimation by
themselves. As a result, alternative approaches are
needed to perform channel estimation, while keep-
ing complexity and overhead of IRS operations as
low as possible [4]. The problem becomes even
more challenging with large IRS arrays since the
time overhead to perform the channel estimation
increases linearly with the number of IRS elements
[14]. Furthermore, such channel models and esti-
mation approaches should consider the specific
industrial environment. In a factory floor environ-
ment, the presence of metallic surfaces on machin-
ery furniture and vehicles leads to a wide range of
values for channel parameters, such as path loss
and multipath parameters, especially when using
high frequency signals. The applicability of the

current/new models (both electromagnetic mate-
rial models and the IRS-assisted wireless channel
models) needs to be validated for the manufactur-
ing environment. Future research should also con-
centrate on efficient environment-aware dynamic
channel characterization approaches.

DEPLOYMENT ISSUES

IRSs can be deployed in an industrial environment
using different strategies:
+ Close to the distributed wireless devices
(known as user-side IRS deployment)
+ Close to the base station (known as BS-side
IRS deployment)
+ In a hybrid style combining both user-side
and BS-side IRS deployment [15]
Each has its pros and cons. User-side IRS deploy-
ment provides enhanced network coverage main-
ly for the users or wireless devices within its local
vicinity. In contrast, the BS-side deployment pro-
vides extended network coverage. One of the
main motivations for using an IRS is to provide
a virtual LoS link between base station and wire-
less devices whenever obstacles are present. The
placement of a user-side IRS is a relatively easy
way to establish a virtual LoS link between BS and
intended local users, whereas placing a BS-side
IRS to establish a virtual LoS link for all its users is
difficult. The communication signaling overhead
between the IRS controller and the BS for tuning
the reflection coefficients of the IRS is relatively
low for BS-side deployment due to their close
proximity. Hybrid IRS deployment combines the
advantages of both user-side and BS-side schemes.
It also helps to exploit double reflection links
(inter-IRS reflection links) to provide more LoS
paths between the served users/wireless devic-
es in a smart factory and the BS/AP. At the same
time, a hybrid deployment scheme brings addi-
tional complexity in the design, deployment, and
management of an IRS. However, the main chal-
lenge with these three options is exactly where
and how to deploy them. IRSs may be deployed
in a centralized or distributed fashion (for a given
number of reflecting elements), and it is not yet
clear which approach is the best for an industrial
environment. An IRS’s low cost provides the flex-
ibility to opt for a dense deployment on a factory
floor if required. However, their joint network per-
formance optimization will be a challenging task.

ConCLUSION

In this article, we have discussed the prospects of
IRS-aided wireless networks in a smart manufactur-
ing environment to support the evolution toward
Industry 5.0 by unfolding their potential features
and advantages through different wireless network
scenarios. As IRS technology is still in its infancy, we
have elaborated on the most pressing challenges
as well as the potential opportunities for research
into future IRS-aided wireless factory automation.
Thus, it is hoped that this article will serve as a use-
ful and inspiring resource for future research on
IRS-based smart manufacturing to unlock its full
potential in a future industrial environment.
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