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TRANSFORMATIVE
TECHNOLOGIES DRIVE (and are
driven by) TRANSFORMATIVE
ENGINEERING

For the better part of the last five
decades, engineering has both enabled
and benefited from digitization. This
“digital disruption” has fueled new
transformative technologies that
drive paradigm shifts across multiple
disciplines and across multiple
industries. “It changes the way we think
about and design equipment, the way
we use equipment, and the benefit that
we’re able to get from that equipment,
no matter where the engineer sits in
the product lifecycle,” says Bill Morelli,
senior research director at THS Markit.
“Whether you're trying to design the
next-generation product, or a plant
engineer trying to make sure that your
production line stays up and running as
efficiently as possible, or a field engineer
troubleshooting equipment using

A

drones to reduce

Connectivity

Impact on Engineers
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risk of diagnosing problems in hard
to reach places, there are implications
for transformative technologies in all
aspects of engineering.”

All of these transformative
technologies have seen significant
development and evolution over the
past few years, and that the pace
of innovation is only increasing. In
fact, what we are now seeing is that
innovation actually accelerates as these
transformative technology trends start
to converge. The synergies between the
different technology trends can drive
exponential rather than linear change.

CONVERGENCE OF
TRANSFORMATIVE
TECHNOLOGIES ACCELERATES
CHANGE

These eight technologies are
not developing in a vacuum, but
rather evolving and becoming more
interconnected. As each evolves, as new
capabilities emerge, they start working
together more and more. And the
more they work together, innovation
accelerates. As different
transformative technologies
come together, impact
goes from linear to
exponential.

Computer
(incl. Machine)
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Pace of Innovation
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Connectivity

Connectivity has been a
fundamental enabler of digitization in
consumer, commercial and industrial
markets for more than 20 years,
leveraging a diverse range of wired and
wireless technologies. Connectivity
refers to the ability to link and
communicate with other people,
devices, computer systems, software or
the internet. This includes both wired
and wireless technologies utilizing
point-to-point, broadcast and mesh
topologies, among others.

Most engineers today have at least
a working knowledge of connectivity.
“Connectivity has become part and
parcel of what engineers need to
understand in discrete and process
manufacturing and field equipment,”
states Morelli. “Connectivity has
become a fundamental building
block of design and manufacturing.
As soon as you connect a device, you
dramatically increase the capability and
the ability to connect to other devices
and/or the internet—it opens the door
to a lot of different possibilities.”

However, Morelli adds that
“connectivity in and of itself isn't
necessarily a robust solution. In some
ways, connectivity can be limiting
in that it tends to focus more on a
point-to-point solution. Where you
have points and multipoints, you
quickly evolve to a stage where you're

drowning in data.”

Internet of Things (loT)

The Internet of Things (IoT) is an
extension of connectivity. IHS Markit
has identified four stages of IoT
adoption and implementation:

1. Connect: embedding connectivity
and processing capabilities into
devices;

2.Collect: adding sensors and
storage that enables devices to
gather data on their surrounding

environment;



3.Compute: processing and
analyzing large amounts of data
generated by IoT" devices;
4.Create: monetizing the IoT or
creating unique solutions through
access to transformational data.
It is not just the embedded
connectivity in a lot of devices,
some of which have historically
been connected, but the addition of
embedded processing capabilities and
sensors that have many industries
realizing significant improvements in

efficiency and productivity.

“Connectivity has become part and parcel of
what engineers need to understand in discrete
and process manufacturing and field equipment.”

— MORELLI.

“Even if you have limited processing
to manage the connectivity, let’s put
some level of intelligence into sensor
X so that it knows what the different
readings mean—what environment it’s
operating in, what’s a critical reading,
and what’s a non-critical reading,”
explains Morelli. “If there’s a variation
between X and Y, it’s not necessarily
going to raise a flag, but as soon as it
goes over Y, then raise an alert.”

But now the amount of data starts
to escalate. A new transformative
technology is needed to handle vast
amounts of data. And advanced
analytics become necessary to parse
through that volume of data to
separate the wheat from the chaff, and
handle data from other transformative
technologies (such as machine vision,

covered later in this article).

Cloud

As IoT has matured, and
implementations have become
increasingly sophisticated, cloud storage
and analytics are now a critical enabler for
scaling IoT solutions. Cloud computing

offers widespread access to shared
pools of configurable resources—such
as computer networks, servers, storage,
applications and services—which can
be quickly and dynamically provisioned
involving little to no management
effort, often over the internet.

“Cloud is synonymous with ‘server
somewhere,” according to Morelli.
“Server somewhere other than
here allows me to access a database
somewhere other than here.”

The Cloud gives engineers the
ability to collect and store data,

whether it’s for a short amount of
time to do immediate analytics, or

for a longer amount of time to build

a profile of, for example, a production
facility in order to identify areas
where you could increase efficiency, or
optimize performance.

Cloud now becomes a very
important part of the story. But if you're
collecting critical bits of information
from hundreds, then thousands, then
hundreds of thousands of sensors, you
can quickly start drowning in data and
it becomes harder and harder to see the

correlations.

Artificial Intelligence (Al)

With IoT starting to scale, companies
are now shifting focus to how they can
manage and utilize all of the data they
are collecting. Dealing with millions
or billions of data points exacerbates
the big data problem. Deep learning,
machine learning and artificial
intelligence are fast becoming essential
tools for the engineer.

Al refers to the body of science,
algorithms and machines able to

o>

example, Morelli notes that “this

perform some version of learning and
independent problem solving, relying
on sufficiently advanced software and
hardware components. Within the Al
field of study are other sub-branches of
computer science, including machine
learning, neural networks and deep
learning, among others.

These can be incredibly powerful
tools, not only for doing analytics on
large data sets, but also to drive out
insights and new ways of looking at the
problem, because you're really applying
true artificial intelligence to it.

Machine learning is the first

step, but then it starts being

able to make correlations
on its own and starts to
see things the engineer
may not be able to see,
because there’s just too
much data to wade through.
Returning to the sensor

is where machine-learning, deep-
learning, neural networks - the
technologies we broadly call Al

- become really important because
you're able to start analyzing the data,
looking for patterns among a lot of
disparate data sets. Youre able to then,
when you really reach full-blown Al
proactively identify things that you
haven't necessarily asked it to look for,
and offer suggestions.”

Robots & Drones

Robots and Drones are autonomous
or semi-autonomous machines that are
capable of completing complex, often
repetitive actions. Robots may be fixed
or mobile but are typically land-based,
while drones are commonly viewed as
aerial and include fixed-wing, rotor-
based, airships and balloons.

Robotics have transformed
manufacturing and are comparatively
more mature in application and
development than drones and are

used extensively in manufacturing
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and commercial operations. In the

short term, robots will primarily help
humans work more effectively; in
the long term, robots will become
sufficiently skilled and affordable
enough to replace humans in many
tasks. Already, professional service
robots are utilized by early-adopter
industries including agriculture,
logistics, medical and healthcare, and
domestic help.

Al is crucial to the next step in
the evolution of drones and their
broader adoption by more industries,
to address key requirements such as
collision avoidance—which is where
AT will equip drones to make effective
decisions regardless of circumstance.
As an example, the latest development
in visual mapping and navigation
technology for drones includes use
of a laser or camera alongside state-
of-the-art electronic components to
help drones successfully carry out
their mission. To date, enterprises are
overhauling their logistics systems by
incorporating drones in any number of
ways, but Al is providing the longer-
range control that allows drones to be
moved outside a plant or factory for
deployment in the real world, such as
what Amazon is doing with drones
in delivering products to customers

through its Amazon Prime Air service.

Computer Vision (including
Machine Vision)

Computer vision is the application
of technology to extract information
from digital images and videos, with
the goal of automating tasks that
human eyes do today. Specific tasks
that are necessary include image
acquisition, processing, analyzing and
understanding, to allow for decisions/
actions to be taken by the system,
device or robot. Machine vision,
traditionally found in industrial
manufacturing, is generally considered
to be a sub-set of computer vision and
is also referred to as embedded vision.

The increasing importance of
computer vision is directly tied to the
mega-trend of digitization that has
been playing out in the industrial,
enterprise and consumer segments over
the past 20 years. The proliferation of
image sensors, as well as improvements
in image processing and analysis, have
enabled a broad range of applications
and use-cases including industrial
robots, drone applications, intelligent
transportation systems, high-quality
surveillance, medical applications, and
automotive safety.

Computer-vision and machine-
vision go hand-in-hand with robots
and drones. Robots and drones are only
functional to the extent that they’re

8 ENGINEERING INTELLIGENCE REVIEW | Summer/Fall 2018 | SPECIAL EDITION

aware of the surroundings. Their
functionality increases exponentially

if they have a solid machine-vision
and/or computer-vision component
where they are able to be aware of their
surroundings, and adjust their behavior
and actions on that basis.

Ubiquitous Video

Ubiquitous Video refers to the
ability to capture, create, consume
and distribute video content almost
anywhere. The explosive growth of
video services has been driven by
multiple factors, including the high
penetration of camera-enabled mobile
phones and commoditization, which
have enabled displays of various sizes
and shapes to be placed in almost any
location with a range of wired and
wireless connectivity options.

For engineers, ubiquitous video
provides the ability to consume video
anywhere, anytime, on almost any
device, as well as the ability to capture
video from anywhere on almost any
device. “It’s that proliferation of
screens and lenses that are able to
capture and display video that plays
into what we're talking about, to some
extent, with robots and drones,” says
Morelli. “It plays into solutions that
we're talking about with computer
and machine-vision. Connectivity
obviously is the underlying technology
that is making a lot of ubiquitous video
possible.”

Further, Morelli adds, “A picture
is worth a thousand words—there’s a
lot of truth to that, and being able to
show, in real time, a video of an event,
whether it’s a leak at a plant, or a piece
of equipment that’s malfunctioning,
or a screen that someone’s looking at
that you need to be able to understand
exactly what the read-out looks like so
you can give them the best solution for
how to handle maintenance.”

“In commercial and enterprise

applications a few years back, the



Ubiquitous
video in field
service & support

Ubiquitous video has
implications for field and
service and support. A
technician troubleshooting or
repairing a piece of equipment
could use technologies such
as smart glasses to utilize
augmented reality. For example,
an HVAC technician who's out
on the roof trying to diagnose
a piece of equipment, can
view and interpret a potential
defective part and using Al-
enabled tools such
as Engineering Workbench
from IHS Markit (see www.
ihsmarkit.com/EWB), retrieve
specific knowledge such as
specifications or maintenance
manuals, projecting them
on his smart glasses to help
diagnose and manage the
equipment.

trend was BYOD, or Bring Your
Own Device, where company-issued
smartphones were being replaced

by personal smartphones, for which
the companies reimbursed the costs.
That move is now proliferating in
industry, as well. It’s very much the

same, BYOD, and people have their
own smartphones, their own tablets
that they’re using for diagnostics, that

they’re using to talk to the equipment.

You've got equipment that’s able to
communicate via Bluetooth with
machinery in the factory.”

FUTURE TRANSFORMATIVE
TECHNOLOGIES IMPACTING
ENGINEERS—BLOCKCHAIN?
Looking forward, there are
transformative technologies like
blockchain that may end up playing
a larger role in the engineering
discipline. Blockchain is a distributed
digital ledger technology utilizing
cryptography and timestamps to
provide a permanent record of various
types of transactions and interaction.
Blockchain is the underlying
technology
enabling
Bitcoin but may
be used for a
wide range of
applications,
including
engineering and
supply chain.
One potential
application is
for traceability
of electronic
components
and parts in the
supply chain;
for example, to
help prevent
counterfeit parts by ensuring an
authentic part is being used and

warranty assured because blockchain is

underlying the part registry.

and can we actually
.
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“It’s like a digital fingerprint for
a physical or virtual object,” states
Morelli. “What makes it so secure is
it’s not being stored in one database
that could be hacked or tampered
with. The reason they call it a
distributed ledger technology is it’s
stored in a bunch of places across the
internet.”

While these may work well in
theory, there are real concerns with
how efficient this approach would be.
Specific issues around latency, massive
power use and data volumes are just

some of the challenges.

WHAT'S NEXT?

It’s difficult to say. The pace of
innovation will continue to accelerate
and transformative technologies will
continue to fundamentally shift how
enterprises
function.
Some of these
technologies
will continue
to evolve and
grow — such
as artificial
intelligence.
The jury is
still out on
others, such
as blockchain,
as to how and

if they will

in the future.
What is certain is that engineering as a
discipline will continue to be a driving
force in the future of transformative

technologies. E

To download the complimentary “8 in 2018: The top transformative technologies to watch this year” whitepaper, visit
ihsmarkit.com/8techtrendsin2018. To learn more about Engineering Workbench by IHS Markit, which provides

single point of access to journal articles, patents, applied reference works, standards and more on transformative
technologies, visit ihsmarkit.com/ewb.
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