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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling
and sensory input. While the concept isn't novel—
engineering sectors (a) having long utilized 3D CAD
visualizations and simulations—the advent of high-speed
wireless connectivity and the subsequent influx of real-
time information (b) has facilitated far more intricate
and fluid digital models. As sensors harvest data from
linked hardware, this information (c) is utilized to
incessantly refine the virtual duplicate. Consequently, the
digital twin (d) evolves into a precise, real-time mirror
of the physical object's characteristics and conditions.
For example, virtual replicas of industrial machinery
like power turbines and jet engines are increasingly
prevalent, particularly for high-value equipment (e)

where operational interruptions prove excessively

expensive.

@ (a) @ (b)
® (o) @ (d)
® (e)
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Digital twins represent virtual counterparts of physical
entities, constructed through modeling and sensory

input. While the concept isn't novel, the advent of

high-speed wireless connectivity and (A)

results from the influx of real-time data have facilitated

more intricate models. As sensors harvest data from (B)

linked /linking ) hardware, this information is utilized

to incessantly refine the virtual duplicate. Consequently,
the digital twin evolves into a precise mirror of the
physical object's characteristics. For example, virtual

replicas of industrial machinery like power turbines (C)
increasingly prevalent, particularly for high-

value equipment where downtime is costly.

@ that - linked - is
@ that - linking - are
® what - linking - is
@ what - linked - are
® what - linked - is
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Digital twins represent virtual counterparts of
physical entities or processes, constructed through
modeling and sensory input. While the concept isn't
(a) novel—engineering sectors have long utilized 3D
CAD visualizations—the advent of high-speed wireless
connectivity and the subsequent (b) influx of real-time
information have facilitated far more intricate and fluid
digital models. As sensors harvest data from linked
hardware, this information is utilized to (c) refine the
virtual duplicate. Consequently, the digital twin evolves
into a (d) precise, real-time mirror of the physical object's
characteristics. For example, virtual replicas of industrial
machinery are increasingly prevalent, particularly for

high-value equipment where operational interruptions

prove (e) negligible.

@ (a) @ (b)
® (o) @ (d)
® (e)

35_04 Of%] Me (Z5H) - 22ty

(A), (B), (C)2f Zt HIE Qtoj A 2oofl b= EHZ 7hE HH

3 2127

While the concept of digital twins isn't novel,
the advent of high-speed wireless connectivity and

the subsequent influx of real-time information have

facilitated far more (A) (intricate / superficial ) and fluid

digital models. As sensors harvest data from linked

hardware, this information is utilized to incessantly (B)

the virtual duplicate. Consequently, the

digital twin evolves into a precise, real-time mirror
of the physical object's characteristics. For example,

virtual replicas of industrial machinery are increasingly

(C) (prevalent / scarce ), particularly for high-value

equipment where downtime is very costly.

@ intricate - distort - prevalent
@ superficial - refine - scarce

(® intricate - distort - scarce

@ intricate - refine - prevalent
® superficial - refine - prevalent
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling and
sensory input. While the concept isn't novel, the advent
of high-speed wireless connectivity and the subsequent
influx of real-time information have facilitated far more
intricate and fluid digital models. As sensors harvest
data from linked hardware, this information is utilized to

incessantly refine the virtual duplicate. Consequently, the

digital twin evolves into a(n)
of the physical object's characteristics and conditions,

allowing for constant monitoring and optimization.

O theoretical framework
@ cultural interpretation
(3 emotional substitute
@ real-time accurate copy
(® static representation

Digital twins are virtual replicas of physical
assets created through modeling and sensor data.
While engineering teams have used simulations
for years, faster wireless networks now enable
much more dynamic digital representations. When
sensors collect data from a connected device,
the information is used to continuously update
the digital twin, making it a real-time mirror of
the physical object. This technology is becoming

increasingly common in industrial sectors, especially

(D because real-time data is only useful for historical
process simulations

@ when the cost of digital modeling exceeds the value
of the physical asset

® ascompanies seek to reduce the complexity of their
wireless networks

@ if the physical assets are low-value and easy to
replace manually

® where the equipment is highly valuable and
operational delays are expensive
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Digital twins represent virtual counterparts of
physical entities or processes, constructed through

modeling and sensory input.

(A) While the concept isn't novel—engineering sectors
have long utilized 3D CAD visualizations and
simulations—the advent of high-speed wireless
connectivity and the subsequent influx of real-time
information have facilitated far more intricate and
fluid digital models.

(B) As sensors harvest data from linked hardware,
this information is utilized to incessantly refine
the virtual duplicate. Consequently, the digital twin
evolves into a precise, real-time mirror of the
physical object's characteristics and conditions.

(C) For example, virtual replicas of industrial
machinery like power turbines and jet engines are
increasingly prevalent, particularly for high-value

equipment where operational interruptions prove

excessively expensive.
@ ®B)-(4)-(©) @ (4)-B)-(©)
® (B)-(©)-(A) @ (©)-(A)-(B)
® (4)-(©)-(®)

A
Consequently, the digital twin evolves into a
precise, real-time mirror of the physical object's

characteristics and conditions.

Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling and
sensory input. @ While the concept isn't novel, the advent
of high-speed wireless connectivity and the subsequent
influx of real-time information have facilitated far
more intricate and fluid digital models. @ As sensors
harvest data from linked hardware, this information is
utilized to incessantly refine the virtual duplicate. 3
This continuous update process ensures that the model
remains synchronized with its physical counterpart. @
For example, virtual replicas of industrial machinery
like power turbines and jet engines are increasingly
prevalent. ® These are particularly common for high-
value equipment where operational interruptions prove

excessively expensive.
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling
and sensory input. While the concept isn't novel
—engineering sectors have long utilized 3D CAD
visualizations and simulations—the advent of high-speed
wireless connectivity and the subsequent influx of real-
time information have facilitated far more intricate and
fluid digital models. As sensors harvest data from linked
hardware, this information is utilized to incessantly
refine the virtual duplicate. Consequently, the digital twin
evolves into a precise, real-time mirror of the physical
object's characteristics and conditions. For example,
virtual replicas of industrial machinery like power
turbines and jet engines are increasingly prevalent,
particularly for high-value equipment where operational

interruptions prove excessively expensive.

(D Digital twins of jet engines are rarely used because
the cost of sensors is higher than the asset's value.

@ Digital twins are created by combining modeling
techniques with data from sensors.

® High-speed wireless networks have played a crucial
role in making digital models more dynamic.

@ The use of 3D renderings in engineering predates
the recent rise of real-time digital twins.

® Sensors allow for the continuous refinement of a
digital twin by collecting data from devices.
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling
and sensory input. While the concept isn't novel
—engineering sectors have long utilized 3D CAD
visualizations and simulations—the advent of high-speed
wireless connectivity and the subsequent influx of real-
time information have facilitated far more intricate and
fluid digital models. As sensors harvest data from linked
hardware, this information is utilized to incessantly
refine the virtual duplicate. Consequently, the digital twin
evolves into a precise, real-time mirror of the physical
object's characteristics and conditions. For example,
virtual replicas of industrial machinery like power
turbines and jet engines are increasingly prevalent,
particularly for high-value equipment where operational

interruptions prove excessively expensive.

(D The evolution and industrial utility of real-time
digital representations

@ The history of 3D computer-aided design in modern
engineering industries

® The economic impact of downtime on power-
generation and aviation sectors

@ Challenges in maintaining high-speed wireless
networks for industrial sensors

® Differences between physical asset modeling and
virtual process simulations
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling and
sensory input. @ While the conceptisn't novel, the advent
of high-speed wireless connectivity and the subsequent
influx of real-time information have facilitated far more
intricate and fluid digital models. @ As sensors harvest
data from linked hardware, this information is utilized
to incessantly refine the virtual duplicate. (3 However,
the increasing reliance on digital modeling has led to a
decrease in the number of skilled engineers who can
manually repair physical machinery. @ Consequently,
the digital twin evolves into a precise, real-time mirror of
the physical object's characteristics and conditions. ® For
example, virtual replicas of industrial machinery like jet
engines are increasingly prevalent, particularly for high-

value equipment where downtime is costly.
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling
and sensory input. While the concept isn't novel
—engineering sectors have long utilized 3D CAD
visualizations and simulations—the advent of high-speed
wireless connectivity and the subsequent influx of real-
time information have facilitated far more intricate and
fluid digital models. As sensors harvest data from linked
hardware, this information is utilized to incessantly
refine the virtual duplicate. Consequently, the digital twin
evolves into a precise, real-time mirror of the physical
object's characteristics and conditions. For example,
virtual replicas of industrial machinery like power
turbines and jet engines are increasingly prevalent,
particularly for high-value equipment where operational

interruptions prove excessively expensive.
p

N
Advancements in wireless technology and real-time
data have transformed digital twins from simple

simulations into A) replicas

that are highly beneficial for managing

(B industrial assets.
. J

@ static - low-cost

@ fluid - disposable

® dynamic - high-value
@ historical - complex
(® theoretical - accessible
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling
and sensory input. While the concept isn't novel
—engineering sectors have long utilized 3D CAD
visualizations and simulations—the advent of high-speed
wireless connectivity and the subsequent influx of real-
time information have facilitated far more intricate and
fluid digital models. As sensors harvest data from linked
hardware, this information is utilized to incessantly
refine the virtual duplicate. Consequently, the digital twin
evolves into a precise, real-time mirror of the physical
object's characteristics and conditions. For example,
virtual replicas of industrial machinery like power
turbines and jet engines are increasingly prevalent,
particularly for high-value equipment where operational

interruptions prove excessively expensive.
L271]

@ Digital twins are a completely new concept that

emerged only with high-speed wireless networks.

® The integration of real-time data allows digital
twins to be more detailed than previous 3D CAD
models.

© Sensors play a key role by providing the data
necessary to update the virtual replica continuously.

@ A digital twin serves as a static representation that
does not change once the initial model is built.

® Industrial sectors use digital twins primarily for
low-cost equipment to save on sensor installation
fees.

(® Operational downtime is a significant factor in the
decision to implement digital twin technology.

High-value assets like jet engines are common
targets for digital twin applications.

ORCAONG) ® @d6,®
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Digital twins represent virtual counterparts of physical
entities, @ constructed through modeling and sensory
input. While the concept isn't novel, the advent of
high-speed wireless connectivity and the influx of real-
time information ® has facilitated far more intricate
models. As sensors harvest data from linked hardware,
this information is utilized to incessantly © refining
the virtual duplicate. Consequently, the digital twin @
evolving into a precise mirror of the physical object's
characteristics. For example, virtual replicas of industrial
machinery (© are increasingly prevalent, particularly for

high-value equipment @ where downtime is costly.
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Digital twins represent virtual @ counterparts of
physical entities. While the concept isn't ® novel, the
advent of high-speed wireless connectivity and the
subsequent (© scarcity of real-time information have
facilitated far more @ intricate models. As sensors
harvest data, this information is utilized to incessantly
© distort the virtual duplicate. Consequently, the digital
twin evolves into a precise mirror. For example, virtual
replicas are increasingly @® prevalent for high-value

equipment where downtime is costly.

® ®0© ® ©e
®@® ® ®,@
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Digital twins represent virtual counterparts of physical
entities, constructed through modeling and sensory
input. While the concept isn't novel, the advent of
high-speed wireless connectivity and the influx of
real-time data have facilitated more intricate models.
As sensors harvest data from linked hardware, this
information is utilized to incessantly refine the virtual
duplicate. Consequently, the digital twin evolves into a
precise mirror of the physical object's characteristics.
For example, virtual replicas of industrial machinery
are increasingly prevalent, particularly for high-value

equipment where downtime is very costly.
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Digital twins are virtual (1) of physical
assets created through modeling and sensor data. When

sensors collect data from a connected device, the

v PSRN Feg=
CHE 22|YS [ZH]0] %A FESIA L
CIX|E E|2 XHLt0] 0fL 71X US 20F ofL|2} 7}
& SH0| 0f< H|Z0| 0| & mf S3HZICE,
[=ZZ] not only A but also B 122 A& A

information is used to continuously () the [ZZ] valuable, costly THO{E L 5tst 74
. . . . . . X7] 15CH AFMEE A4
digital twin, making it a real-time mirror of the physical L [Z2] 1520f Li9l= Xrad A )
object.
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Digital twins represent virtual counterparts of physical
entities or processes, constructed through modeling and
sensory input. While the concept isn't novel, the advent
of high-speed wireless connectivity and the subsequent
influx of real-time information have facilitated far more
intricate and fluid digital models. As sensors harvest
data from linked hardware, this information is utilized
to incessantly refine the virtual duplicate. Consequently,
the digital twin evolves into a precise, real-time mirror
of the physical object's characteristics and conditions.
For example, virtual replicas of industrial machinery
like power turbines and jet engines are increasingly
prevalent, particularly for high-value equipment where
operational interruptions prove excessively expensive.

(real-time ) (digital ) (twin )(evolution )
(lindustrial ) (utility )
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HE: ® where the equipment is highly
valuable and operational delays are expensive
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HE: @ Digital twins of jet engines are rarely
used because the cost of sensors is higher
than the asset's value.
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HE: @ The evolution and industrial utility of
real-time digital representations
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DHEoL: Digital twins become common when
assets are not only very valuable but also very
costly to have downtime.
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DHEok The evolution of real-time digital
twins and their utility in industrial asset
management.
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