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WELCOME FROM THE EDITOR
I first came to Mouser Electronics 
in early 2017 and had the privilege 
of being part of our Empowering 
Innovation Together™ (EIT) program on 
Shaping Smarter Cities. In partnership 
with celebrity engineer Grant Imahara 
and Wired Brand Lab, the series 
of videos and surrounding content 
were nothing short of compelling in 
that they provided a technical deep-
dive and explored the human mind 
and spirit in an increasingly complex 
world. The program left me inspired 
and energized, yet quite humbled 
and awe-struck. Even having worked 
in high tech for most of my 25-year 
career in technical publishing, EIT 
left me with a new realization of 
how intertwined humankind and 
technologies have become…and the 
power of innovation itself. 

The 2018 EIT program explores a 
technical innovation that has the 
potential to be as disruptive in the 
21st century as the automobile was 
at the beginning of the 20th century: 
Generation Robot. Whereas cyber 
systems and smart devices [and 
vehicles and infrastructure and on 
and on] seem to take all the glory, 
robots are revolutionizing the world 
as well. Some would say that robots 
have become examples of how we 
can—perhaps should—rethink our 
workplaces, education systems, and 
social and cultural fabric. Yet others 
would say that robots are driving such 
evolution.

Disruptive advances are becoming 
more and more uncommon these 
days—certainly much less frequent 
than disruptive advances since the 
1950s or so. Instead, incremental 
advances in a wide variety of 
technology areas and applications 

are moving us forward (though with 
the size and determination akin to 
a Rebel Alliance fleet). This leaves 
me wondering why automation and 
robotics still have the potential as 
disruptive technologies. Certainly, part 
of the answer here is that advances 
in a broad swath of technology 
areas and specifications have only 
recently matured and converged to 
unleash the potential in automation 
and robotics. Sensors that can 
perceive distance, proximity, force, 
torque, velocity, sound, vibration, 
volume, weight, surface finish, texture, 
chemical composition, temperature, 
electrical current, and magnetism are 
key, as are machine vision, artificial 
intelligence, data fusion, edge 
computing, and data processing and 
security. 

But I think the answer is simpler than 
that: For many of us, a fascination 
with robots is part of our personal 
fabric…part of our personal DNA. We 
grew up watching Lost in Space, all 
eras of Star Trek, and all-things Star 
Wars. We loved The Jetson’s, The 
Six Million Dollar Man, Alien, The 
Terminator, and many more programs 
and movies that featured robots. We 
are the ones who noticed the robotic 
dog(s) that only occasionally appear 
throughout a half-century of Dr. Who. 
We went to robotics camps, were the 
heart of robotics clubs at school, and 
spent our allowance on electronics. 
As adults, we still watch these and 
other sci-fi series, count the days 
until the next sci-fi and gaming 
conventions, tinker with robots and 
gadgets in our spare time, and still 
spend our allowance on electronics.

Fascination so deep that it’s integral 
to our being is at the heart of 
innovation, isn’t it? 

This year’s EIT program brings 
collaborative robots, service robots, 
and human augmentation with 
robotics to the forefront. This eBook 
accompanies EIT Video #2 which 
explores how robots interact and 
coexist with humans as they work 
side by side at one of Europe’s most 
advanced robotic facilities: KUKA 
Robotics in Augsburg, Germany. Be 
sure to check out the accompanying 
blog series as well (linked in this 
piece) for a look at some of our 
favorite robots in pop culture. Finally, 
don’t miss the cutting-edge products 
that are advancing robotics from 
our EIT partner suppliers: Analog 
Devices, Intel, Microchip, and 
Molex.

Deborah S. Ray
Executive Editor
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EXPLORING GENERATION ROBOT
As a child, I was always mesmerized 
by robots. Whether it was on TV, in 
the movies, or in comic books, if it 
had robots, I was all in. Robots are 
cool—that’s pretty much a given. But 
why? What is it about robots that 
fascinate us? Is it the look? Is it how 
they interact with us? Or is it what 
they can do for us?

In my adult career as a special effects 
technician, I was lucky enough to 
work on possibly the most famous 
robot of all time—”R2-D2.” As an 
Astromech droid, R2 served as 
copilot, engineer, and companion to 
the heroes in Star Wars. He is a vivid 
example of not only what robotics can 
do to assist humanity but also of the 
possibilities of how we may interact 
with robots in the future.

Today in the real world, robots can be 
seen just about everywhere. Recently, 
drones were featured in the Super 
Bowl halftime show as a robotic 
replacement for fireworks. At the 
2018 Winter Olympics, robots were 
seen downhill skiing. Firefighters and 
emergency personnel now use drones 
for reconnaissance in firefighting and 
search-and-rescue operations. And 
a hotel in Japan even has a robotic 
concierge that greets guests.

In the industrial sector, robots are 
increasingly being used to improve 
productivity and precision in 
manufacturing. These are just a few 
examples of how robotics will soon 
come to affect every aspect of our 
daily lives.

Last year, the Empowering Innovation 
Together™ program presented by 
Mouser Electronics examined how 
smart cities will shape our future. 

This year, Mouser is expanding this 
program to cover “Generation Robot,” 
with an in-depth look at how robotics 
will serve, interact with, and augment 
humanity. I’ll be traveling the globe 
to meet with the leading minds and 
innovative companies in the world of 
robotics. We’ll examine how robots 
will integrate into the future of our 
society, and maybe along the way, 
we’ll get a better insight into why 
robots are so cool. 

This eBook explores how collabora-
tive robots are transforming industrial 
workspaces. They’re not just doing 
heavy lifting and repetitive tasks! 
Instead, they’re working side-by-side 
with humans, producing more than 
either robots or humans could ever do 
alone. 

Continue reading to discover the 
technologies that have converged 
to make robotic influence possible, 
the unique engineering challenges 
robotics pose, and the solutions that 
are leading the way to the influential 
robots of the future. 

And just to be safe…I, for one, 
welcome our new robotic overlords 
(as long as they’re more R2-D2 
in nature as opposed to that of a 
Terminator).

By Grant Imahara

mouser.com/empowering-innovation
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Large, heavy industrial robots are 
commonplace in factories as a 
more efficient alternative to manual 
workers for repetitive assembly-line 
tasks. The machines never slow 
down, never make mistakes, and 
never require time off. Yet they are 
expensive and inflexible, demanding 
time-consuming reprogramming and 
retooling to switch to new tasks. This 
makes industrial robots suitable for 
high-volume, high-speed processes 
where a product is produced for years 
without change: Automotive chassis 
welding is a classic example of this.

Humans are not so good at highly-
repetitive tasks because they tire 
and lose concentration. But humans 
are dexterous, flexible, and good at 
solving problems. And human labor 
is relatively inexpensive. This makes 
humans well suited for complex, high-
mix assembly jobs, such as fitting an 
auto’s interior with multiple options 
that a customer chooses. 

Collaborative robots are light, 
inexpensive industrial robots 
designed to fill in gaps by working 
closely with humans to bring 
automation to tasks that had 
previously been completed solely with 
manual labor. Robots offer significant 
productivity gains while humans 
focus on servicing a rapidly changing 
product mix: Ultimately proving 
that “collaboration” works. A study 
conducted by Massachusetts Institute 
of Technology (MIT) researchers at a 
BMW factory showed that human idle 

time was reduced by 85 percent when 
they were assisted by collaborative 
robots.
 
The applications for collaborative 
robots are numerous and varied. For 
example, a collaborative robot could 
pick up a heavy dashboard from a 
storage area located near the auto 
line and move the dashboard into its 
proper place for production, at the 
same time a human can be working 
to fit or blank off dashboard switches, 
make the “awkward-to-reach” 
electrical connections, and precisely 
align the instrument console before 
fixing it into place. Collaborative 
robots are also finding work in places 
like smartphone assembly lines 
where picking, gluing, and pressing 
operations are completed by the 
machine while human workers fit 
circuit boards, screens, and batteries 
all before fixing the components 
together with tiny screws. According 
to the automation firm ABB, 90 
percent of today’s collaborative 
robots work in consumer electronics 
factories. 

Collaborative robots are smaller, 
lighter, and cheaper than their 
industrial cousins, measuring tens 
of centimeters rather than meters, 
weighing in at 10kg rather than 
a hundred, and costing tens of 
thousands of dollars rather than 
hundreds of thousands. Collaborative 
robots borrow some technology 
from their larger cousins, such 
as motors and joints, but this 

technology is refined, streamlined, 
and shrunk. Programming is much 
simpler than that required for an 
industrial robot and is sometimes 
as simple as manually guiding a 
robot’s arm through the procedure: 
This is so simple it can be performed 
by a coworker rather than a robot 
specialist technician. Maintenance 
is simple so smaller companies with 
no previous robotics expertise can 
manage it. And because collaborative 
robots share the same workspace 
with humans, they contain sensors 
and computing power to ensure 
coworkers aren’t bashed by artificial 
arms, and if human and robot contact 
does happen, the forces involved are 
limited to prevent harm.  

The collaborative robot sector holds 
much promise. Today, the machines 
bring automation to assembly tasks 
that were previously completed by 
humans, freeing up those workers to 
concentrate on more intellectually-
rewarding jobs. Tomorrow, 
collaborative robots could ensure 
that production lines keep running 
in places where inexpensive human 
labor is in short supply. This promise, 
according to UK analyst Technavio, 
will see the market for collaborative 
robots expand tenfold, jumping to 
over $1 billion in as little as the next 
two years.   

By Steven Keeping for Mouser Electronics

Collaborative robots are light, inexpensive industrial robots designed to 
fill in gaps and work closely with humans to bring automation to tasks 
that had previously been completed solely with manual labor.

WHAT IS A COLLABORATIVE ROBOT?

On the right: KUKA’s LBR iiwa: 
LBR stands for “Leichtbauroboter” 
(German for lightweight robot), iiwa for 
“intelligent industrial work assistant.”
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“Collaborative robots are light, 
inexpensive industrial robots 
designed to fill in gaps by working 
closely with humans to bring 
automation to tasks that had 
previously been completed solely 
with manual labor.”

Photo © KUKA AG
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In recent decades, as automation has 
emerged as the central competitive 
factor in manufacturing operations 
across the globe, the use of industrial 
robots has grown substantially. To 
provide perspective on this growth, 
consider the fact that in 1970 the 
total number of industrial robots in 
use in the US was 200. By 1980, that 
number had risen to 4,000, and by 
2015, it was 1.6 million. This growth 
is expected to accelerate even further 
in the coming years, as another 1.4 
million industrial robots are expected 
to enter service by 2019, according 
to a report from the International 
Federation of Robotics. 

Industrial Robotic Beginnings

Industrial robots are often discussed 
in the context of 21st century 
innovations. However, their roots date 
back much further to the 1950s, when 
George Devol developed the first 
industrial robot—a two-ton device 
that autonomously transferred objects 
from one place to another with 
hydraulic actuators. Since that time, 
as sensors, electronics, and computer 
software have advanced, the 
capabilities of industrial robots have 
greatly expanded to include complex 
tasks such as welding, painting, 
assembly, packaging, palletizing, 
inspecting, and testing—all 
accomplished with speed, precision, 
and repeatability.

Robots were first used commercially 
on assembly lines in the early 1960s. 

Most featured hydraulic or pneumatic 
arms and were primarily used for 
heavy lifting. Although the devices 
were primitive, sensorless, and 
featured limited programmability, 
they proved to be an invaluable 
tool for increasing production in 
manufacturing facilities and set the 
stage for what would be a prolonged 
period of robotics development. 

Throughout the late 1960s and early 
1970s, as the need for automation 
of manpower-intensive tasks in 
manufacturing increased, the focus of 
industrial robotics shifted away from 
heavy lifting to materials handling 
and precision work. This gave birth to 
the development of smaller electric 
robots with advanced controls, 
microprocessors, miniaturized motors, 
gyros, and servos, which made them 
ideal for lighter assembly tasks, such 
as bolt and nut tightening. 

By the late 1970s, the capabilities 
of robots expanded even further 
to include tasks such as material 
transferring, painting, and arc 
welding. They also began taking over 
dangerous tasks in manufacturing 
facilities. In steel mills, for instance, 
robots were used to move parts 
and materials in high temperature 
environments that were inhospitable 
for humans. This significantly 
improved facility safety and drove 
increased workforce productivity 
by freeing up skilled laborers to 
direct their focus to more important 
manufacturing operations. 

Robotic Technology in the 1980s:
Foundation for the Future

The mid 1980s started to see 
increased interest and excitement 
in robotics. In seeing robots as the 

“machines of the future,” engineers 
began pushing the frontier forward 
to support industrial development 
and achieve greater manufacturing 
competitiveness. It was during this 
period that the foundation of the 
present-day industrial robot was 
laid, as they began incorporating 
advanced sensors and rudimentary 
machine vision systems (Figure 1). 

Figure 1: Advances in sensors and 
computer vision revolutionized the 
way industrial robots interacted with 
their environment.

The emergence of these technologies, 
coupled with a substantial reduction 
in costs of computer hardware, like 
microprocessors, resulted in a step 
change of advancement in industrial 
robotic capabilities. Using precision 
force sensors and lasers, industrial 
robots were given the ability to 
detect and follow manufacturing 

By Alex Misiti for Mouser Electronics

Driven by advances in software, sensors, and electronics, the market for industrial 
robots has greatly evolved over the past half century. In today’s industrial 
workspaces, the evolution continues with collaborative robots—or cobots—
working side-by-side with humans.

A HISTORY OF INDUSTRIAL ROBOTS
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components along assembly lines. 
These lasers and sensors provided 
the robots with a human-like sense 
of sight and touch and revolutionized 
their interactions with the industrial 
environment. As a result, robots were 
transformed from simple mechanical 
devices that were programmed to 
perform repetitive tasks to more 
elaborate machines that possessed 
what many categorized as “limited 
intelligence.”  

Industrial Robots of Today
and Tomorrow

Since the early 2000s, developments 
in industrial robotics have largely been 
driven by advancements in software. 
Emerging fields, such as machine 
learning (ML) and artificial intelligence 
(AI), are now pushing forward the 
frontier of what robots can do—giving 
them the ability to learn, improve, and 
make decisions without direction or 
guidance from humans. 

Most industrial robots in use today 
are equipped with a multitude 
of advanced sensors that gather 
immense amounts of data. When 
integrated with advanced analytics 
and ML software, the robots can 
interpret this data and use it to adapt, 
alter mechanical motions, and better 
complete the task at hand. This 

quest to provide robots with “real 
intelligence” is now the primary focus 
of robotics engineers. 

In the coming years, as industrial 
robots become smarter, they will 
be able to take on more complex 
tasks and execute them with an 
efficiency that far exceeds human 
capabilities. They will also be able 
to safely work alongside humans 
in the manufacturing environment. 
This is something that is already 
occurring today with the emergence 
of collaborative robots, or cobots. 

Cobots are a relatively new type of 
robot designed to safely operate 
in close proximity or even in direct 
contact with humans (Figure 2). They 
utilize advanced technology, including 
force-limited joints and computer 
vision to detect the presence of 
humans in their environment. Cobots 
are often much smaller and lighter 
than traditional industrial robots, 
easily moveable, and trainable to 
perform specific tasks. 

Together, humans and cobots offer a 
unique level of skill that neither can 
offer on their own, which results in 
manufacturing products far better 
and faster than would be if either 
were working without the other. 
Cobots generally serve one specific 

purpose when employed to perform 
a job. For example, a cobot may 
provide the force required to move 
an object, while a human provides 
guidance on where to place it. In 
recent years, the use of collaborative 
robots in industries like manufacturing, 
construction, and healthcare has 
grown rapidly. By 2020, the cobot 
market is expected to reach $1 
billion—with an estimated 40,000 
machines in operation across the 
globe, according to ABIresearch®. 

Conclusion

Industrial robots have come a long 
way from the hydraulic arms and 
bolt turners of the 1950s and 1960s. 
Today, these smart mechanical 
devices can work safely alongside 
humans to perform a wide array of 
complex tasks, such as painting, 
welding, complex product assembly, 
and even surgery. In the coming years, 
as automation continues to drive 
competition among manufacturers 
across the globe, the robotics market 
will continue to expand, and the role 
robots play to help drive efficiency 
and throughput within industrial 
environments will grow in importance. 

Figure 2: Collaborative robots are 
designed to work in close proximity 
and even in direct contact with 
humans. 
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THE COMPLEXITY OF MIMICKING HUMANS
IS JUST THE BEGINNING

In the first Marvel Entertainment Iron 
Man movie, the protagonist, Tony 
Stark, is aided by a large mechanical 
assistant known as Dum-E. As 
a scaled down and much safer 
version of today’s industrial-grade 
manufacturing robots, Dum-E has 
enough voice and gesture recognition, 
plus motion control, to help Tony with 
his many projects. 

Dum-E not only illustrates the 
potential of a cobot but also highlights 
its key functions. For example, this 
cobot works side-by-side with Tony, 
to help with things like holding one 
of Tony’s electromechanical boots 
during its repair. Later, Tony yells 
at the cobot to stop spraying fire 
retardant everywhere, and the robot 
communicates its understanding 
by sympathetically lowering its 
arm and emoting a sigh. The 
cobot’s obsession with human 
safety—keeping Tony safe from fire—
highlights its adherence to Asimov’s 
first law of robotics: A robot may 
not injure a human being or through 
inaction allow a human being to come 
to harm.

Developing collaborative robots 
requires creating many complex 
systems to sense, communicate, and 
move alongside humans safely and 
effectively.

Complex Sensing Requirements

To assist humans, cobots use a 
combination of technologies that 

mimic the basic human senses as 
well as its environment; however, the 
five senses must work in combination 
along with interoception (sensing 
internal states) and proprioception 
(sensing relative position) for the 
entire range of human motions and 
actions to be possible. Additionally, 
cobots must communicate and move, 
requiring yet another set of systems 
with which to talk, understand, and 
assist their human coworkers.

Sensing Their Environment: Exteroception
All cobots use some combination of 
technologies that mimic the basic 
human senses: Sight/vision, hearing, 
taste, smell, and touch (Figure 1). 
These five senses belong to the realm 
of exteroception—that is, sensitivity to 
stimuli outside of the body.

Figure 1: This illustration depicts 
the sensory receptors: Seeing (eye), 
hearing (ear), smell (nose), taste 
(tongue), and touch (finger).

To be useful to humans, cobots 
must have a range of environmental 

sensors to perform their tasks 
and stay out of trouble. Common 
exteroceptive sensors in cobots 
include vision, hearing, touch, smell, 
taste, temperature, acceleration, 
range finding, and more.

Sensing Their Internal State: Interoception
To be self-maintaining, robots 
must also be able to know their 
internal state. This corresponds 
to interoception in humans, or the 
ability to perceive innate statuses of 
the body like digestion, breathing, 
and fatigue. For example, a cobot 
must know when its batteries need 
charging and reactively go seek 
a charger. Another example is a 
cobot’s ability to sense heat when its 
internal thermal temperature is too 
high to work next to humans. Other 
interoception examples involve optical 
and haptic mechanisms, which we’ll 
cover shortly.

Sensing Their Relative Position: Proprioception
Awareness of the external and 
internal is critical for the operation 
and maintenance of a cobot, but to 
be useful to humans most cobots 
must have proprioception. It is 
proprioception that allows the human 
body to move and control limbs 
without looking at them, thanks to 
interactions and interpretations from 
the brain. 

In humans, this results in an 
awareness of the relative position 
of human body parts and the 
strength and effort necessary for 

By John Blyler for Mouser Electronics

Advances in sensor technologies have enabled the cobot to sense its 
environment, internal state, relative position, and more, yet the complexity of 
human-machine collaboration is a puzzle still unfolding.
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motion. Human proprioceptors 
consist of muscles, tendons, and 
joints. In cobots, the functions of 
proprioceptors are mimicked mostly 
by electromechanical actuators and 
motors. Proprioceptive measures 
consist of joint positions, joint 
velocities, and motor torques.

Communicating with Humans 
Voice and motion are not senses but 
are necessary for humans and robots 
to communicate and perform tasks. 
Voice communication is needed by 
cobots to clarify what is heard and 
to alert humans to potential dangers. 
Speech synthesizing hardware 
and software are used to artificially 
reproduce human speech. 

Today, artificial intelligence (AI) 
is beginning to enable actual 
conversations between humans and 
cobots. Robots can understand the 
nuances in human speech, such as 
chatting, half-phrases, laughter, and 
even when noncommittal responses 
like “uh huh” are uttered. Sharing 
resources, like conversational floors, 
is another concept that robots are 
learning. To prevent talking over one 
another, robots are taught that only 
one person can “seize the floor” and 
talk at a time. 

Complexities of Collaboration

Humans use a combination of senses 
to move, operate, and communicate. 
One common example is body 
language through hand gestures that 
is accompanied by voice commands. 
For cobots, this type of collaboration 
requires vision for gesture recognition, 
speech recognition to perceive 
commands, and some level of AI 
to interpret the context of a human 
communication. Tony uses this 
technique as the primary way to 
interface with Dum-E.

Continuing this point is the example 
of combined sensory input through 
vision and haptic (or “touch”) 
feedback. Consider the real-world 
example of a surgeon running a 
simulation of an operation before the 
actual event (Figure 2). The simulation 
can create a virtual reality (VR) where 
the surgeon can see and test the 
operation procedure. However, he or 
she has no way to sense the feeling 
of the scalpel’s contact with human 
tissue. This is where haptic feedback 
would help, because it mimics the 
sense of touch and force during a 
computer simulation. 

Figure 2: Haptic feedback can make 
surgical simulations feel more real. 

How can a machine communicate 
through touch? The most common 
form of haptic feedback is 
accomplished using vibration, such 
as the feeling created by a shaking, 
but silent, mobile phone. In the case 
of the surgeon, a linear actuator 
might replace a vibration motor. As 
the surgeon puts pressure on the 
simulated scalpel, a linear actuator 
that moves up and down places 
greater pressure on a portion of his 
body via a headband. This pressure 
corresponds to the pressure on the 
simulated scalpel.

In the case of a cobot, a parallel 
example of haptic feedback is found 
in the cobot’s grippers (or hands). 
These grippers will often contain a 
wrist camera for recognition of a 
grasped object along with force-
torque sensors that provide input for a 
sense of touch.

Technology Timeline: 
Replicating the Five Senses

To assist humans, all cobots use 
some combination of technologies 
that mimic the basic human senses, 
plus provide perception, motion, 
and AI. Major advances in these 
technologies began as early as the 
1950s and 1960s and still continue 
today: 

Sight/Vision

1969: Modern digital imaging—or 
the “eyes,” called machine vision—
really began with the creation of 
charge-coupled devices (CCDs) in 
1969. 

1980s: Improvements in 
complementary metal-oxide 
semiconductor (CMOS) chip 
manufacturing processes made 
CCDs and image processors 
practical. The first optical character-
recognition (OCR) systems for 
reading letters, numbers, and the 
like began to appear.

2000s: Adding infrared (IR) to visible 
spectrum sensors gave machines 
thermal vision. 

Hearing 

1950s: Speech recognition began 
with research at Bell Labs.

1970s: Evolution of computer 
systems enabled much greater 
processing power for speech 
recognition.

1990s: The first commercial speech-
recognition product was introduced 
in 1990 (Dragon Dictate).

2010: Google added “personalized 
recognition” to its voice search on 
Android phones.

[ C O N T ’ D  O N  N E X T  P A G E ] [ C O N T ’ D  O N  P A G E  1 5 ]
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Most workers communicate and 
control cobots by using buttons, 
joysticks, keyboards, or digital 
interfaces (Figure 3). However, just 
as they are for humans, speech 
and haptics can be effective 
communication mediums for cobots.

Haptics and eye movement are 
another way sensory combinations 
can improve interplay between 
humans and cobots. As humans 
point toward an object, they first look 
in the direction of the object. This 
anticipatory action can be picked up 
by a cobot’s vision to provide a tip-off 
regarding the intention of the human 
collaborator. Similarly, technology 
can help a cobot communicate its 
intentions to humans. Robots now 
have projectors that highlight target 
objects or routes that the cobot will 
take. 

Summary

As with any emerging technology, 
there are still many challenges 
that face the world of collaborative 
robots as they work side-by-side 
with humans. Like Tony Stark in Iron 
Man, will humans find cobots more 
frustrating than useful?

Today, most robots have gotten 
pretty good at combining voice and 
visual recognition to assist humans. 
However, what is lacking is the 
cobot’s ability to understand context 
and respond to complex situations. 
AI will be essential to enable cobots 
to truly interact, anticipate, and 
communicate, especially when they 
need to hand-off certain complex 
tasks to humans, which is an ongoing 
problem in autonomous automotive 
vehicles.

It’s optimistic to note that toward 
the end of the Iron Man movie, at a 
critical juncture where Tony lay dying 
because he couldn’t reach his artificial 
heart on a nearby table, Dum-E saved 
his life when he figured out what Tony 
wanted and performed the right task. 
Tony then looked up at Dum-E and 
simply said, “Good boy.” Establishing 
this level of trust between cobots and 
humans is perhaps the hardest but 
most worthwhile goal.

Figure 3: Gesture and voice 
recognition could replace cobot 
operator interfaces.
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RealSense™ Depth 
Camera D400 Series

Movidius™ Neural 
Compute Stick
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mouser.com/intel-movidius-stick

New Technology
Collaborative robots demand visual 
intelligence in order to navigate, 
understand, and proactively assist 
us in our daily lives. Intel® Movidius™, 
together with the RealSense™ Depth 
Camera D400 Series, provides the 
platform to create visually intelligent 
robots without sacrificing size, 
battery life, or performance.

Technology Timeline: 
Replicating the Five Senses 

Taste

1989: One of the first patents for 
taste sensing was filed.

1995: The electronic tongue was 
first proposed to analyze solutions 
using an array of chemical sensors 
and pattern recognition.

Smell

1982: Research began on electric 
noses (or e-noses) that could detect 
and recognize odors and flavors.

1988: The electronic nose idea, 
using multiple semi-selective 
sensors combined with silicon-chip 
processors, was proposed. 

Touch and Tactile Sensing

1974: Silver Arm technology was 
created at Stanford and MIT to 
perform precise assembly using 
touch-pressure sensors and a 
microcomputer.

1977: Force-sensing resistors find 
use in robotics.

[cont’d]

ADIS16488 Tactical Grade Ten Degrees 
of Freedom Inertial Sensors 

iSensor MEMS Gyroscope Subsystems
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Sensors
ADI iSensor® IMU technology has been uniquely developed to enable 
emerging high-performance applications in autonomous machinery and 
instruments across multiple markets. The ADI portfolio spans tactical grade 
stability and ultra-low noise, delivering up to 10° of motion freedom, all with 
full factory calibration and optimized embedded sensor conditioning.
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Industrial robots are commonplace 
in factories because they provide 
an effective alternative to manual 
workers for repetitive, high-volume 
assembly line tasks. The machines 
can continuously repeat high-
precision tasks for many years with 
only the occasional interruption 
for routine maintenance. Boosted 
productivity ensures a return on the 
initial high capital investment.  

But relatively low-cost human workers 
remain the best option for low-
volume, high-mix, intricate assembly 
work because they are dexterous, 
flexible, and able to solve problems 
that would grind a machine to a halt. 
Collaborative robots—the lightweight, 
compact, and relatively inexpensive 
cousins of full-size industrial 
robots—are now being introduced to 
combine the advantages of robots 
with the assets of humans. However, 
because collaborative robots share 
the workspace with humans, new 
engineering techniques are required 
to maximize productivity while 
keeping the workers safe. 

Sharing the Workspace

Collaborative robots fill a niche in a 
manufacturing environment where 
the product mix is consolidating and 
volumes are increasing but not to the 
extent that justifies full automation. 
The robots can do the picking of parts, 
lifting and fetching, and repetitive, 
routine actions while the humans 
work on the intricate fabrication and 
intellectual challenges of the process. 

Collaboration is not a natural 
extension for traditional industrial 
robots. The International Organization 
for Standardization (ISO) defines an 
industrial robot as “An automatically 
controlled, reprogrammable, 
multipurpose manipulator 
programmable in three or more axes, 
which can be either fixed in place or 
mobile for use in industrial automation 
applications.” The description fits 
a machine purpose-designed for 
maximum productivity without human 
assistance.

It’s not surprising that from the 
introduction of industrial robots in 
the 1970s, a division on the factory 

floor has remained a requirement for 
the safe automation of their high-
volume applications. Today, workers 
are kept well away and the machines 
are enclosed behind metal barriers 
to eliminate the hazards posed by 
rapidly moving and heavy mechanical 
parts (Figure 1). Basic external sensor 
technology provokes an emergency 
stop of the industrial robots when 
someone or something crosses a 
beam or triggers a switch by opening 
the barrier. And when technicians 
do intentionally enter the robots’ 
operating envelopes for maintenance 
or reprogramming, the machines are 
powered-down with their arms locked 
in a safe position. 

Figure 1: Industrial robots operate 
behind safety barriers. 

By Steven Keeping for Mouser Electronics

Key Takeaways
• Collaborative robots are becoming popular because they combine the advantages of 

machines with the dexterity and problem-solving skills of humans.

• Collaborative robots bring unique safety challenges that can’t be addressed by conventional 

exclusion zones and barriers.

• While worker safety should be the highest priority for the collaborative robot’s designer, the 

robot must be designed such that safety features don’t compromise the robot’s productivity.

• Specifications and standards offering safety guidelines for collaborative robots are still under 

development.

• Designing collaborative robots demands innovative new solutions for moving robotic 

components, especially joints.

DESIGNING COLLABORATIVE ROBOTS
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Maximizing speed, strength, and 
precision remain important for 
collaborative robots, but to maximize 
the advantages of collaborative 
working, humans and robots need to 
work in harmony. And to justify the 
introduction of a collaborative robot, it 
must cost no more than the equivalent 
for human labor. A robot that’s moving 
parts into position and adding quick-
drying adhesive is of little value if a 
human coworker still has the previous 
two to three workpieces to fit together. 
But more importantly than that, robots 
must be constantly aware of where the 
humans are positioned, how they are 
moving, and the force they’re applying 
when contact is made (whether 
intentionally or unintentionally) to 
ensure safe working.  

The key design objectives for 
collaborative robots can be 
summarized as achieving:

• Safe interaction with human 
workers and delicate assembly 
equipment

• Reduced costs to justify use of 
robotic labor applications

• Robotic operations at a rate 
compatible with human capabilities

• Clean and low-noise operations
• Compact and light form factors
• Simple and fast programming by 

non-expert workers to cope with 
high-mix production

Collaborative Robot System 
Design Guidelines  

Key factors in collaborative robot 
design relate to the fact that the 
machine and human share the 
same workspace (Figure 2). The 
designer needs not only to ensure 
that efficiency is high but also that 
the robot is constantly aware of the 
sometimes-unpredictable movements 
of its coworker and can react in a safe 
manner. The designer also needs to 
ensure that the robot doesn’t apply 

excessive force if there’s intentional 
or unintentional contact between itself 
and the human. This adds complexity, 
because unlike industrial robots in 
which safety systems are not an 
intrinsic part of the robot, collaborative 
robots contain safety systems that 
are generally integrated into its own 
structure and controlled by its own 
systems.

Figure 2: Collaborative robots share 
the same space as coworkers.

Fortunately, guidance on these 
design challenges comes in the form 
of international safety standards for 
collaborative robots, which have 
been developed in parallel with the 
rapid introduction of these robots 
in the workplace. For example, 
the International Organization for 
Standardization (ISO) provides some 
guidelines for designing collaborative 
robots in its ISO 10218 document, and 
a technical specification (TS) created 
by the organization, the ISO/TS 15066, 
focuses on the safety of collaborative 
robots. ISO/TS 15066 highlights 
the importance of safety-related 
control system integrity with regards 
to controlling process parameters 
such as speed and force. (Note: ISO/
TS 15066 represents a voluntary 
document and is not a standard; 
however, it is expected to form the 
basis of a standard in the future.)

ISO/TS 15066 also provides general 
information for a collaborative 
robot designer to use, such as 
information explaining the need for 
a risk assessment of hazards in the 

workspace. For example, even the 
best robot design can’t be considered 
safe if it allows the robot to wave 
around a sharp object with its 
manipulator. In another example, the 
workspace could be dangerous if it’s 
closed in by fixed objects that cause 
a worker to become trapped then 
crushed by robot movement. 

The key sections of ISO/TS 15066 
address the design of workspaces, 
design of a robot’s operations, and 
the transitions between a robot’s 
collaborative and non-collaborative 
operations. Specifically, the 
document provides extensive details 
for implementing the following 
collaborative-operation requirements, 
which creates safe, efficient solutions 
that fulfill design objectives.

Safety-Rated Monitored Stop
A safety-rated monitored stop is an 
assured robot stop without removing 
power and occurs when a human 
worker enters the collaborative 
workspace. The system ensures that 
the robot and human don’t move at the 
same time and is primarily employed 
when the robot is rapidly moving heavy 
parts through the workspace.  

Hand-Guided Operation
Before a hand-guided operation can 
start, a robot must perform a safety-
rated monitored stop. During the 
operation, a worker is in direct contact 
with the robot arm and can utilize hand 
controls to move it. This operation is 
used for lift assists or highly variable 

“tool” applications. 

Speed and Separation Monitoring
This collaborative work method is 
perhaps the most relevant, as it 
allows the operator and robot to move 
simultaneously within the workplace 
by equipping the robot with sensors 
to monitor how close in proximity the 
worker is. At large separations, the 

[ C O N T ’ D  O N  N E X T  P A G E ]
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robot continues to operate at medium 
speed, but upon closer approaches, 
the robot reduces its speed, and at 
very close approaches, it comes to a 
complete safety-rated monitored stop.

Power and Force Limiting
Power and force limiting are required 
in applications where there could be 
intentional or unintentional contact 
between a collaborative robot (or 
any workpiece) and a worker when 
both are working in the collaborative 
workspace. Contact can either be 
quasi-static, such as the clamping part 
of a worker’s body between a robot’s 
manipulator and a fixed object, or 
transient, such as the knocking into a 
part of a coworker’s body where the 
worker is able to recoil. 

Design Safety Challenges  

With some adaptations to limit cost, 
size, and complexity, collaborative 
robot designers can employ existing 
industrial robot technology for some 
systems while still implementing the 
work methods described above. For 
example, the safety-rated monitored 
stop is an established technology 
for industrial robots that uses safety 
barriers to implement an emergency 
stop when a human enters the 
operational envelope.

Speed and separation monitoring 
demands new engineering techniques 
considering industrial robots are 
designed to come to a dead halt 
when a person breaches the work 
zone. In contrast, collaborative robots 
will keep moving, albeit at a reduced 
speed, when workers are sharing the 
workspace, unless an approach is 
close enough to trigger a safety-rated 
monitored stop. Key to implementing 
such systems is integrating sensors 
into the robot’s control systems so 
that the closed-loop feedback enables 
rapid motor response when speed 
reduction is necessary.  

But the most difficult design challenge 
is power and force limiting. Designers 
can learn little from industrial robot 
design because its emphasis is on 
load capacity and speed. An annex 
for ISO/TS 15066 offers help by 
suggesting limits to quasi-static and 
transient forces for pain thresholds 
as well as minor, reversible, and 
irreversible injury thresholds for 
humans. Transient force thresholds 
can be twice as high as quasi-static 
ones, because they occur within a 
shorter timeframe and the worker is 
able to recoil.   

While research continues on pain 
and injury thresholds, the present 
guidelines recommend lowering 
clamping risks by reducing a robot’s 
speed to less than 250mm/s and its 
force to less than 150N during speed 
and separation monitoring operations, 
though transient forces can be twice 
as high but must not be applied for 
longer than 500ms. 

Meeting these thresholds is 
challenging. For example, a 2kg 
robot arm carrying a 0.5kg load and 
moving at 1m/s must decelerate at 
60m/s2 to limit its crushing force to 
below 150N if unintentional contact 
occurs. In that time, the arm will 
travel 8mm, which is acceptable for 
collaborative operation. An identical 
robot arm carrying a 3kg load would 
need to decelerate at 19m/s2 to limit 
its crushing force to less than 150N, 
during which time it will have travelled 
27mm (which is acceptable with 
padding). This example illustrates that 
the robot designer must consider the 
differing dynamic forces generated 
by collaborative robots with different 
payload and speed of movement 
capabilities.

Other advice in the ISO guidelines 
includes:

• Eliminating pinch and crush points 
on the robot

• Reducing robot inertia and mass
• Reducing robot velocity when it 

approaches a fixed surface, so it 
can stop quickly

• Increasing the surface area of 
contact points

• Organizing the workspace layout to 
limit clamping points and to allow 
recoil after transient collisions 

Case Study: 
The Collaborative Robot Joint

A major challenge in collaborative 
robot design is engineering lightweight, 
compact joints that are also able to 
quickly react to forces acting on the 
manipulator—such as impact with 
a coworker—to eliminate the risk of 
injury.

Harmonic gears are finding favor for 
small robots because they enable 
designers to reduce joint size and 
weight in comparison to using 
conventional mesh gears (Figure 3). 
However, because harmonic gears use 
a flexure to transmit motion between 
input and output, the joint exhibits low 
rotary stiffness compared to a mesh 
gear alternative. 

Figure 3: Small robots use harmonic 
geared joints to reduce size and 
weight. 

A lack of stiffness presents a problem 
for collaborative robot designers 
because the preferred method for 
detecting impact between a human 
and robot is through the change 
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created in motor current, that is, due 
to a proportional change in motor 
torque caused by the force generated 
by the impact. But a lack of stiffness 
causes the force to “wind up” the slack 
in the joint before it has any effect on 
the motor torque. The result of this 
is a time lag just before the controller 
detects an increase in motor current 
and can responds to the impact by 
slowing, stopping, or reversing the 
manipulator. Such a delay could cause 
the coworker to be subject to a greater 
than recommended transient impact 
time of 500ms and to a maximum 
impact force of 300N.

A mechanical solution is to use a larger 
harmonic gear to improve stiffness, but 
that increases the size and weight of 
the robot joint. An alternative is to use 
dual high-resolution encoders and a 
software algorithm. Such a solution will 
incur a small cost increase, but it won’t 
increase the dimensions of the joint or 
raise its weight.

Encoders on the input and output 
sides of a joint will provide the 
controller with a real-time measure of 
any lack of stiffness-induced rotary 
deviation between the actual and 
programmed positions of the robot. 

The controller can rapidly compute 
a first-order compensation for an 
error, removing the slack from the 
system and ensuring that intentional 
or unintentional impact on the 
manipulator is immediately detected 
by increased motor torque.

Conclusion

Collaborative robots are making their 
mark in workspaces shared with 
humans as combining robot muscle 
with human dexterity and problem-
solving skills is dramatically improving 
productivity. Factory managers are 
just recently beginning to appreciate 
the number of assembly applications—
currently performed solely by human 
labor—that collaborative robots can 
be used for. That’s why the impact of 
collaborative robots is predicted to 
increase, with growth expectations 
roughly set to equal the size of today’s 
entire quantity of industrial robotics by 
2025.

But it’s still early for the technology, 
and engineers are now learning that 
only some of the design techniques 
used in engineering industrial 
robots are truly applicable for their 
collaborative cousins. A new design 
methodology is required to ensure 

that collaborative robots remain safe 
around coworkers while still bringing 
speed, precision, and load-handling 
benefits to the job.

Designing collaborative robots is 
a nascent discipline, and as such, 
there is little guidance to draw upon. 
But international safety standards 
for collaborative robots are being 
developed in parallel with the 
introduction of the first wave models 
into the workplace. The ISO 10218 
standard provides specific guidelines 
for collaborative robots, while ISO/TS 
15066 establishes safety parameters 
for collaborative operations. And 
suppliers are doing their part by 
teaming electronics and sensors up 
with advanced mechanical assemblies 
to create new critical components, 
such as specialized joints specifically 
engineered for the unique demands 
placed on collaborative robots during 
every day duties, operations, and 
interactions.



19

TECHNOLOGIES CONVERGE TO HELP DRIVE 
MANUFACTURING APPLICATIONS

A new generation of robots, 
termed “collaborative robots” or 

“cobots,” is now being integrated 
into manufacturing environments 
(Figure 1). Rather than being used 
to replace human labor, these 
robots are being used to work 
together with humans in a common 
workspace. These cobots are 
typically used on tasks that require 
improved process control and/or 
greater flexibility, scalability, and 
agility. To enable cobots to work 
together with the human workforce, 
numerous improvements have been 
incorporated to enhance worker 
safety. The result is increased 
productivity and better labor 
utilization at lower overall costs. 
Consequently, these cobots are 
affordable for small- and medium-
sized companies to support lower-
speed, lower-volume production 
runs. This article examines some 
of the technological advancements 
that enable collaborative robotics 
and provides some examples of how 
these cobots are being used in a 
manufacturing environment.

Enabling Technologies

Collaborative robotic platforms 
incorporate numerous enabling 
technologies that differentiate 
them from traditional robots and 
enhance human/robotic interaction, 
improve worker safety, and reduce 
costs. Improvements in sensor, 
actuator, control, and computation 
technologies empower the cobot’s 
perception, data fusion and 
processing, artificial intelligence, 
and actuation. Other technologies 
promote ease of use, adaptability, and 
lower costs. A brief overview of some 
of these technologies follows:

Perception 
Technologies that improve perception 
include sensors that can detect 
and measure any physical property, 
such as distance, proximity, force, 
torque, velocity, sound, vibration, 
volume, weight, surface finish, 
texture, chemical composition, 
temperature, electrical current, and 
magnetism. Other technologies, such 
as machine vision, allow the cobot to 
detect and identify objects, spaces, 
scenes, orientations, and locations 
of objects in the visible, infrared, and 
ultraviolet wavelengths. Together, 
these perception technologies allow 
improved accuracy, higher throughput, 
collision avoidance, and situational 

awareness. Voice recognition and 
motion tracking technologies may 
also allow operators to control the 
cobot through voice commands and 
hand gestures.
  
Data Fusion and Processing 
Raw data from numerous sensors 
must be integrated, processed, and 
interpreted to enable the cobot 
to make informed and accurate 
deductions about the environment so 
that appropriate actions can be taken. 
This must be rapidly accomplished 
to avoid undue delays in the robot’s 
operation, especially if the robot 
needs to interrupt its operation to 
avoid a collision with an object or 
human. Sensor-fusion algorithms 
must effectively integrate data from 
different types of sensors, which may 
come from different locations within 
the workspace or may be sensed 
at different times to make informed 
and accurate deductions about the 
environment and situation.  

Artificial Intelligence 
A traditional robot operates according 
to preprogrammed instructions 
that are repeated without regard 
to changes in its operational 
environment. A cobot, on the 
other hand, incorporates artificial 
intelligence (AI), which encompasses 
its ability to perceive its environment; 
reason and solve problems; recognize, 
learn, and adapt to new situations 
and environments; autonomously 
make decisions; and interact with 
humans. The “programming” of a 

By Phil Hipol for Mouser Electronics

Traditionally, robots have served very limited roles in manufacturing environments; 
however, various technologies have converged to make robots work well as 
collaborators with humans and to succeed in various applications.
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cobot to operate in a new environment 
is not necessarily complicated and 
can simply involve a human operator 
manually walking through the desired 
motion by moving the cobot’s arms 
through the desired trajectory. AI is 
enabled through high-speed computer 
processors and software that may 
incorporate a variety of technologies 
such as fuzzy logic, probabilistic 
methods, neural networks, and expert 
systems. These technologies provide 
cobots with human-like qualities that 
promote human-robot interaction and 
collaboration.  

Actuators
While traditional robots have very stiff 
joints with high force, high torque 
actuation devices, cobots have 
compliant joints that can provide 
smooth or soft motions and forces, 
so they may seamlessly interact with 
their human counterparts. Compliant 

actuators do not require expensive, 
high-precision drive mechanisms or 
motion sensors, as they rely on force 
or current feedback to compensate for 
potential errors in position accuracy. 
Furthermore, since cobots are lighter 
and designed to work with humans in 
a shared workspace, they do not need 
the expensive high-force actuation 
devices or motor drives that are 
commonly used in traditional robots.

Applications

New applications for collaborative 
robotics within manufacturing 
continue to develop and expand. 
Because cobots are affordable, highly 
adaptable, and almost plug-and-play 
capable, small- and medium-sized 
manufacturers are eager to take on 
this technology. Some of these notable 
applications include the following:  

Machine Tending 
A typical production machine, such as 
the kind used for computer numerical 
control (CNC) machining, must 
continuously be tended by an operator 
who will load raw material, start the 
machine, ensure its proper operation, 
and unload finished parts. Machine 
tending is one of the most common 
industrial jobs. Often monotonous 
and boring, it does not require a high 
skill level, and operators are prone to 
injury due to repetitive lifting of heavy 
materials and parts. Other examples 
of machine tending operations include 
traditional machining operations (e.g., 
stamping, grinding, trimming, and 
welding), injection molding, printed 
circuit board (PCB) testing, part 
inspecting, and coordinate measuring.

Cobots may be an ideal fit for 
machine tending applications. They 
can be placed in front of a traditional 

[ C O N T ’ D  O N  N E X T  P A G E ]



21

Brad® Connectors
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Connectors
As a leading provider of electronic components and solutions, Molex views 
innovation as a tool for solving complex customer challenges in designing 
industrial robotics. This philosophy has helped Molex not only create many 
pioneering electronic solutions, but also build a globally recognized company.

MCU / MPU
Microchip offers a full lineup of microcontrollers and digital signal controllers 
(DSC) for robotics applications, ranging from low-cost 8-bit devices to high-
performance 32-bit devices. The 16-bit dsPIC® DSC core includes DSP 
instructions for precise control. Microchip also supports a broad portfolio 
of Arm® Cortex M0, M4, and M7-based products, as well as the MIP-based 
PIC32MK series.
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manufacturing machine and easily 
programmed to perform the required 
loading and unloading tasks. 
Periodically, skilled technicians can 
examine the machine and tools and 
perform regular maintenance. This 
can lead to better workforce utilization, 
where the cobots are used for the 
lower-skill-level manual operations and 
technicians are used for the higher-
skill-level tasks such as inspecting, 
repairing and changing tools, 
performing quality control tests, and 
taking appropriate corrective actions. 
This, in turn, can result in significant 
labor savings, lower injury rates, less 
production downtime, a more highly-
motivated workforce, and higher 
productivity.

Packaging and Palletizing
Packaging and palletizing tasks 
typically involve the removal of 
products from an assembly line or 
conveyor belt, counting and wrapping 
them appropriately, applying labels, 
placing them into cartons, and sealing 
the cartons. High-speed, high-volume 
manufacturers can create specialized 
robotic machines and equipment 
for packaging. On the other hand, 
small to medium companies may still 
require manual packaging operations 
since automated equipment may 
not be cost-effective due to limited 
production runs or variations in 
product form factors.

Cobots may be an ideal fit for such 
packaging and palletizing applications. 

They can be easily programmed 
to recognize and count items on 
a conveyor belt, apply packaging 
materials and labels, and place them 
into the appropriate cartons. Human 
workers can still work with the cobots 
while performing higher-skill-level tasks 
such as quality-control inspections. 
Programming for the cobot can be 
easily modified to adapt to changes in 
the product configuration or packaging 
requirements.   

Collaborative or Adaptive Assembly
Traditional (pick and place) robots 
require the precise location of the 
unfinished assemblies and parts. 
Cobots, on the other hand, are 
adaptable to non-precise placement, 
as they might incorporate vision 
systems that facilitate position 
feedback. A collaborative or adaptive 
assembly operation may involve use 
of a human operator to first inspect, 
sort, and select a particular part 
then roughly align the part onto an 
unfinished assembly (that is, a work-in-
progress). In a subsequent assembly 
step, a cobot would complete the 
assembly by fastening the part to the 
unfinished assembly. An operation 
such as this might be advantageous 
in situations where parts are too small 
to align with unaided human vision; 
or where the final alignment and 
attachment of the part requires a great 
deal of dexterity or strength; or where 
final assembly must be performed 
at high temperatures, in a difficult 
environment, or with hazardous 
chemicals or adhesives. A cobot would 
therefore be useful if the location, 
orientation, or placement of parts onto 
an unfinished assembly is not accurate 
or repeatable.
  
Human Augmentation
Collaborative robots can be used 
to augment human capabilities 
during manufacturing and assembly 
operations by assisting in the 

performance of menial (repetitive) 
tasks or tasks that require strength 
or extended reach. For example, 
certain manufacturing operations 
might require lifting and positioning a 
heavy part, like an automobile door, 
onto an unfinished assembly, like an 
automobile body. Such a process 
might not lend itself to a completely 
automated operation if it requires fine 
adjustments to the part position to 
ensure the part properly fits onto the 
unfinished assembly. For example, in 
an automobile assembly operation, 
different vehicle styles might require 
varying amounts and styles of doors 
for installation, which may not be a 
suitable situation for a completely 
automated process. However, a cobot 
can be useful in this situation to lift 
the heavy part. It could then carry out 

“instructions” from the human operator 
by responding to the operator’s touch 
and move to position the part on the 
desired location of the unfinished 
assembly.  

Conclusion

These are only a few examples that 
illustrate the role of collaborative 
robotics in manufacturing. As the 
enabling robotic technologies in the 
areas of sensors, actuators, controls, 
and computation continue to evolve, 
we expect that more and more 
manufacturers will continue to adopt 
collaborative robotic systems into their 
workplaces. What might the eventual 
role of cobots be in manufacturing 
environments? Well, let’s watch 
together as the advancement in its 
technology and applications continue 
to unfold.  
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PROGRAMMABLE VS. FIXED-FUNCTION CONTROLLERS:
ALTERNATIVES FOR COMPLEX ROBOTIC MOTION

Motion control of today’s sophisti-
cated robotic arms, regardless of their 
size or power, often requires simul-
taneous management of multiple 
axes. Modern electronics—includ-
ing motors, device drivers, control 
systems (formerly all analog, but 
now digital), feedback sensors, and 
power-switching devices such as 
metal-oxide semiconductor field-ef-
fect transistors (MOSFETs) and 
insulated-gate bipolar transistors 
(IGBTs)—now make achieving pre-
cise motion control easier than it was 
just a few years ago (Figure 1). At the 
same time, however, the demands on 
system performance have increased 
dramatically, so the overall project 
of implementing motion control is as 
difficult as ever.

Figure 1: A basic motion-control 
system for robotics includes 
algorithm-execution functions, motor 
drivers, power devices, a feedback 
path, mechanical linkages, a motor, 
sensors (in most cases), voltage and 
current measurement, and key-point 
control. 

Nonetheless, there’s one unavoidable 
fact: Robotics is largely a mechanical 
function, so in reality mechanical 
systems must be configured into the 
control loop. These systems include 

gear backlash, mechanical tolerances, 
vibration, motor performance, 
mass inertia rotation, momentum, 
mechanical structure flexibility, 
variable loads, and more. For these 
reasons, it’s important to choose 
the type of motor that best suits the 
robotic operation you’re trying to 
achieve—usually the best choice is a 
brushless DC motor or stepper motor 
in low to moderate power situations.

Another vital decision relates to 
sensor-based feedback. Most robotic 
applications use some type of 
feedback sensor to accurately gauge 
the end-effector’s position and thus 
its velocity and acceleration (recall 
that velocity is the time integral of 
position, and acceleration is the time 
integral of velocity). This feedback 
transducer can be a Hall-effect sensor, 
a synchro/resolver, or an optical 
encoder. While it’s easiest to put the 
encoder on the motor, because of 
the mechanical issues noted above, 
placing it there may not produce 
sufficiently accurate data about the 
end-effector’s actual situation for the 
application. Therefore, the sensor may 
need to be mounted closer to the 
load endpoint.

Some motion-control applications 
operate without a sensor, which 
reduces the cost and mechanical 
complexity. Rather than using a 
sensor for feedback, sensorless 
field-oriented control (FOC, also 
called vector control) uses precise, 
synchronized readings of the 

current and voltage at each phase 
of the motor windings; FOCs then 
perform complicated frame-of-
reference transformations and matrix 
calculations in real time to determine 
a motor’s position. Eliminating 
the sensor reduces the hardware 
cost, but it necessitates significant 
computational capability and more 
complex programming. Many robotic 
designs still prefer to use sensors 
because FOC doesn’t provide the 
same level of confidence, credibility, 
and robustness that using a direct-
sensor readout offers.

Understanding Basic Robotic 
Configurations

While the general public may 
associate the term “robot” with a 
mobile, lifelike servant or assistant, 
most robotic systems in the 
industrial domain are stationary 
and use a variety of mechanical 
arms and configurations to perform 
tasks. Among the most common 
arrangements are:

Cartesian Robot
The Cartesian robot, which has three 
linear motion axes, one for each of 
the x-, y-, and z-planes (Figure 2). 
This robot is used for pick and 
place machine operations, sealant 
applications, and basic assemblies. 

Cylindrical Robot
In a cylindrical robot, all motion is 
confined to a cylinder-shaped zone. It 
combines linear motion in the y-plane, 

Modern electronics make achieving precise motion control easier than it was just 
a few years ago. At the same time, though, the demands on system performance 
have increased dramatically, so implementing motion control is as difficult as ever.

By Bill Schweber for Mouser Electronics
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linear motion in the z-plane, and 
rotational motion around the z-axis 
(Figure 3). This robotic arrangement is 
used for assembly, tool handling, and 
spot welding.

Figure 2: The Cartesian robot is the 
easiest to comprehend and control 
because it has the simplest equations 
and works in the x-, y-, and z-planes

Figure 3: The cylindrical robot has 
motion along two linear axes and 
around one rotational axis. 

Spherical Robot
The spherical or polar robot combines 
two rotary joints and one linear joint, 
and the arm is connected to the 
base with a twisting joint (Figure 4). 
Its motion is defined by a polar 
coordinates system and confined to 
a spherical zone. This robot is found 
in welding, casting, and tool-handling 
applications.

Figure 4: The spherical or polar robot 
combines motion around two rotary 
axes and along one linear axis, and 
it requires numerous calculation-
intensive transformations between 
coordinate frames of reference. 

The robotic approaches cited here 
offer three degrees of freedom, using 
a combination of linear and rotary 
motion. However, some applications 
need only one or two degrees. More 
advanced robotic arms, or articulated 
robots, combine additional linear and 
rotary motion for almost human-like 
dexterity and flexibility (Figure 5). 
Some high-tech arms provide 
six, eight, or even more degrees of 
freedom.

Figure 5: The articulated robotic arm 
combines multiple rotation and linear 
motion modes for many degrees of 
freedom, but it also requires careful 
coordination among the actuators and 
arms.

Other designs use special 
combinations of linear and rotary 

motion for application-specific 
situations, such as the parallelogram 
implementation, an implementation 
used for precise and rapid motion 
over short distances (for example, to 
pick and place tiny components). As 
the number of degrees of freedom 
increases, achieving rapid, smooth, 
accurate, and synchronized control 
along each of these degrees grows 
exponentially more challenging.

Considering Trajectory Profiles

The motion-control objective in 
robotics seems simple enough: 
Have the end-effector optimally 
reach its target position as quickly 
and accurately as possible with the 
supported load. Of course, there are 
tradeoffs involved, as in all engineering 
decisions, depending on the priorities 
associated with the optimum result in 
the given application. 

For example, is it acceptable to 
accelerate and decelerate quickly 
to rapidly reach a higher velocity if 
the result is overshot and if there 
is even possible oscillation at the 
endpoint? Is it worth trading accuracy 
for speed, and to what extent? How 
are the choices of acceleration, 
velocity, and position related to the 
desired transition from position A to 
position B? What are the priorities and 
parameters that define “optimum” in a 
particular application?

Specialists in motion control for 
robotics and other motion applications 
have developed standard trajectory 
profiles that provide various ways 
to implement the desired tradeoff 
solution for a given application. All 
choices involve significant real-time 
calculations based on the present 
situation and feedback signal, but 
some impose a more substantial, 
high-resolution computational burden. 
These profiles include:

[ C O N T ’ D  O N  N E X T  P A G E ]
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The Simple Trapezoid
Where the motor accelerates at a 
fixed rate from zero to a target velocity, 
stays at that velocity, and then ramps 
down at a fixed rate to zero velocity 
at the desired position (Figure 6). 
Higher rates might speed up the entire 
positioning cycle, but they might also 
induce sudden changes in acceleration 
motion (called the jerk) that, in turn, 
adds inaccuracy and overshoot.

Figure 6: The simplest motion-
trajectory profile is the trapezoid, which 
has constant acceleration to the target 
velocity, constant path velocity, and 
constant deceleration between the 
start and endpoints.

The S-Curve
A frequently-used enhancement to the 
trapezoid, where the acceleration rate 
ramps up from zero then decreases 
as the target velocity is achieved 
(Figure 7). As the target position is 
reached, the deceleration rate is 
ramped up and then reduced as the 
endpoint is near. The S-curve has 
seven distinct phases, in contrast to 
the three phases of the trapezoid.

The Contoured Motion 
Where the user establishes a set of 
desired positions, and the motion 
controller directs a smooth, jerk-free 
transition profile through all these 
positions (Figure 8). This allows the 
ultimate flexibility and control, which 
is necessary for advanced-motion 
situations. The required control-
direction calculations to achieve 
smooth curve-fitting are complex and 
must be accomplished without the 

loss of resolution due to rounding or 
truncating errors, despite the many 
calculations.

Figure 7: The S-curve path is more 
complicated than the basic trapezoid, 
but it eases the jerk (change in 
acceleration) at each transition point of 
the path. 

Figure 8: The contoured-motion path 
allows the user to define a series of 
position-marker points between the 
start and endpoints, and the controller 
must guide the end-effector through 
these points in a smooth curve. 

Other Profiles
There are other profiles in use, some 
of which are associated with specific 
application groups or industries. 
Regardless of the desired profile, it’s 
one thing to want it and another to 
make it happen. The well-known, 
highly effective proportional-integral-
derivative (PID), closed-loop, control 
algorithm is the most common 
approach used to drive a motor and 
end-effector to do what one desires 
with a high-enough-level of accuracy 
and precision. 

Effective control of a single axis is 
a manageable project, but robotic 
control becomes far more difficult 
when this control extends to two, 
three, or even more motors and 

degrees of freedom, which must be 
closely coordinated and synchronized, 
with the performance one element 
dependent on the status of the others. 

Determining Standard vs. Custom 
Motion-Control Applications

For standard motion-control 
applications, a dedicated, fixed-
function, embedded controller 
integrated circuit (IC) offers ease of use 
and rapid time-to-market. In contrast, 
if a nonstandard, customized profile is 
necessary or if the correlation between 
the various axes is complicated 
and must accommodate unusual 
or unique events, then the Design 
team may consider a fully user-
programmable processor. This solution 
is implemented using a processor 
with digital-signal processor (DSP) 
capabilities for the computation-
intensive aspects or with a field-
programmable gate array (FPGA). 
When considering programmable 
devices, the vendor, third-party tools, 
and available software modules are 
factors of importance in addition to the 
hardware functions of the IC itself in 
making a specific selection.

Be aware that these controllers are 
generally not the same as motor 
drivers, which are the MOSFET/
IGBT drivers and devices that control 
motor power. This is the case for 
two reasons: First, these power 
devices must be sized to the motor, 
independent of the controller. Second, 
the high-density, complementary, 
metal-oxide-semiconductor-based 
process technologies used for these 
digital controllers are very different 
than the processes for power devices. 
For smaller motors, however, it is 
possible to integrate a controller with 
a driver and power device. Despite 
the fundamental differences, the term 

“controller” often refers to the power-
device functional blocks, which can 
lead to confusion in keyword searches.
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Conclusion

Motion-control options for robotics 
range from basic, dedicated-function 
ICs to highly integrated, extremely 
flexible microcontroller units (MCUs) 
with a large array of auxiliary-
processing and support functions. 
Although embedded devices may 
seem limiting, some of them allow a 
selection of a variety of motion profiles 
and the setting of critical parameters, 
and they are quite adequate, low in 
cost, and easy to use. For advanced 
designs with unique or extremely 
sophisticated requirements or for 
designs needing additional levels of 
connectivity along with control, MCUs 
offer effective solutions with evaluation 
and development kits supported 
by verified code packages, debug 
and code-development tools, and 
validation suites. 
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Cobots have come a long way in the 
few years since they were identified 
as a species. At first, they could 
perform only a single repetitive task, 
but today they can perform multiple 
sets of complex tasks dedicated to 
specific workstations on a production 
line. They’ve even been touted as 
having the ability to “learn”— that is, 
in the basic sense of the dictionary’s 
definition of acquiring knowledge (i.e., 
learning) by being taught or through 
experience. Cobots have currently 
mastered the first method of learning, 
through being taught, but not the 
second experiential-based method, 
as it requires artificial intelligence (AI) 
capabilities that cobots currently do 
not possess but soon will.

If They Only Had a Brain

Industrial robots have traditionally 
been programmed to perform a 
single function composed of multiple 
steps. This is accomplished by 
writing lots of code, which takes 
a long time, requires formidable 
programming expertise, and severely 
limits a robot’s ability to quickly adapt 
to new situations. Cobots are very 
different. Although they too must 
be programmed, the process can 
be so simple that anyone can do it, 
much like creating a macro on a PC 
keyboard.

Rather than writing code, a human 
guides the cobot through a series of 
steps using a smartphone or tablet 
app to mark waypoints and save 

the results. Armed with multiple 
skill sets, the cobot can be moved 
from workstation to workstation on 
a production line, and recalling its 
routine can be accomplished by 
pressing a button.

Cobots today have only a rudimentary 
form of learning, as their only 
autonomous capability is provided 
by sensors that determine distance, 
speed, proximity, force, and perhaps 
other variables to keep its nearby 
human partner safe and to precisely 
perform their tasks. Now, imagine 
what cobots could do, as the 
Scarecrow said, “If [they] only had a 
brain” and could build on their original 
capabilities by making their own 
decisions.

With brain-like power, they could 
dynamically modify a step (or steps) 
in a routine based on what they “see” 
in real time, autonomously optimizing 
a production process rather than 
simply following the steps they were 
taught. They could also move from 
place to place, even in a large facility, 
by continuously noting changes to 
their environments. If a situation 
stumped them, they could simply 
ask their human partners what to 
do and receive the answer verbally 
rather than through the complex, 
nonintuitive process of coding or 
manual instruction. Through the 
various elements of AI, this and much 
more is what the cobotics industry 
hopes to achieve.

Robots with varying levels of 
autonomy aren’t new, as Sony’s aibo, 
Honda’s ASIMO, NASA’s Spirit and 
Opportunity rovers, iRobot’s PackBot 
military robots, and many others have 
been performing impressive feats of 
autonomy for years now. However, 
each robot costs tens to hundreds of 
millions of dollars. To be commercially 
viable, a cobot generally cost tens of 
thousands of dollars. Thus, creating 
high-end performance at the 
industrial cobot level is an enormous 
challenge. However, as technologists 
have demonstrated time after time, 
where there is a lucrative market 
the money and talent to serve it will 
appear. This is already taking place 
in the academia and industry, with 

“coboticists” working overtime to 
make cobots all that they can be.

Not So “Artificial” Intelligence

Although AI is typically bandied as a 
single entity, it’s actually a discipline 
encompassing a large family of 
problem-solving subsets, covering: 
Reasoning, planning, learning, 
verbalization, perception, localization, 
manipulation, and others—some or 
all of which are required depending 
on the application. The discipline 
itself draws from other disciplines 
ranging from statistics, mathematics, 
general science, and economics to 
philosophy, psychology, neurobiology, 
and linguistics. Fortunately, cobots 
don’t need to address all these areas, 
at least not yet.

By Barry Manz for Mouser Electronics

Cobots have already staked their ground as a “must have” for industrial 
automation, but they’ve really just scratched the surface of what they can achieve. 
For that, it will require the magic of artificial intelligence.

COBOTS ARE COLLABORATORS. 
A.I. WILL MAKE THEM PARTNERS.
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The primary AI-derived skill required 
of cobots is machine learning: The 
ability to progressively improve their 
skills through experience gained 
over time. Machine learning uses AI 
algorithms that, through learning and 
data analysis, enable cobots to make 
predictions and, thus, make their own 
decisions. 

The next requirement is perception, 
the ability of a cobot to use the data 
generated by its sensors to create 
a “vision” of the world around it. This 
is crucial for cobots because unlike 
their caged counterparts they function 

“hand-in-hand” with humans, so 
without this ability, safety would be 
severely compromised.

Motion and manipulation implemented 
through AI are basic skill requirements 

that allow a cobot to handle and 
employ any objects held with grippers 
and other tools at the end of their arms. 
Although not necessary to perform 
manipulative functions, AI is essential 
for mobile cobots that need to perform 
navigation, localization, mapping, and 
planning. As with perception, these 
skills heavily rely on sensors.

Natural language processing 
(verbalization) is the subject of intense 
development, as it represents one of 
the ultimate goals of AI robotics: To 
allow cobots to converse with and 
thus learn from their human partners. 
Although verbalization skills have been 
demonstrated, much more work must 
be done in this area, as achieving it 
draws on many other areas of AI.

Two other areas are important for the 
future of cobotics: Artificial neural 
networks and deep learning. An 
artificial neural network is designed 
to achieve advanced learning skills 
without the need for any type of 
programming, effectively attempting 
to mimic many of the abilities of 
the human brain. The goal of this 
immensely complex discipline is to 
allow robots to emulate the ability 
of humans to smoothly integrate 
inputs with motor responses, even 
when they experience changes to 
their environment. Like most other AI 
subsets or those related to it, neural 
networks use other resources within 
the cobot to achieve their goals.

Deep learning is the most advanced 
form of machine learning; like neural 
networks, it is concerned with 
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algorithms inspired by the structure 
and function of the brain. Deep 
learning gets its name from its large 
number—or “depth”—of layers and 
is basically a “deep” neural network. 
Deep learning has the potential to 
make creating and using algorithms 
much easier. Viewed another way, 
deep learning is a pipeline of trainable 
modules that perform “deeply,” 
because it uses many stages to 
recognize an object, all of which are 
used for training. For cobotics, deep 
learning is a future goal rather than 
immediately obtainable considering 
it requires truly massive amounts 
of processing power and data. The 
more it has of each, the greater its 
performance will be.

Bleeding-edge Cobotics

The autonomous mobile service robots 
developed by researchers led by 
Manuela Veloso at Carnegie Mellon’s 
Robotics Institute are superb examples 
of the state-of-the-art cobot. For 
more than four years, they have been 
navigating the facility’s multifloored 
office buildings, including corridors, 
elevators, and open areas, covering 
more than 800 miles. They can transfer 
loads from cobot to cobot, ask people 
for help to compensate for their 
limitations, and arrange their delivery 
schedules to optimize efficiency. As 
service robots, they have no hands 
but use a basket for the pickup and 
delivery of objects or people.

Their scheduling and communication 
capabilities are remarkable. For 
example, if a robot is blocked in a 
hallway, it will wirelessly inform other 
robots of its predicament, so they 
can revise their routines to avoid 
it. If a robot detects a closed door 
in an office where another robot 
is scheduled to make a pickup or 
delivery, it will tell that robot and the 
scheduler will delay the stop until the 
office’s occupant has returned.
To accommodate changes in the 
buildings’ physical environments, such 
as cafeterias and atriums where tables 
and chairs are frequently moved, as 
well as where the movement of people 
is constant, the team has developed 
an algorithm based on Episodic non-
Markov Localization (EnML). This 
algorithm makes assumptions about 
objects without the need to store 
massive amounts of data, as would 
be the case for static maps. The EnML 
approach also eliminates the need to 
store a robot’s complete observation 
and functional history from the time of 
its first deployment.

To empower a cobot’s verbalization 
capability, sensor data is converted 
to natural language to enable 
descriptions of its experiences. Using 
2,400 spoken statements collected 
during programming, cobots can learn 
language with a level of accuracy 
greater than 70 percent. The cobot 
then uses this model to predict what 
verbalization a person expects and 
further refines its prediction through 
continued dialog.

The Fraunhofer Institute for Computer 
Graphics Research in Germany is 
another cobot powerhouse that has 
just developed the first cobot that 
can autonomously, optically, and 
three-dimensionally scan parts and 
fabricate them with a 3D printer in 
real time. As 3D printers create parts 
in small numbers, they are becoming 

well suited to create parts for classic 
cars, for example, that are no longer 
commercially available. 

In this case, the original parts are 
reconnected and placed on a turntable 
below the robotic arm that houses 
the scanner. Then the robot takes 
over by moving the arm around 
the part to map its geometry and 
simultaneously uses algorithms to 
create a three-dimensional image of 
the object. After simulation tools verify 
the scan’s accuracy, the part then 
prints. All of this takes place without 
any programming, manual training, or 
computer-aided design (CAD) tools.

A Heady Future for Cobotics

It took 54 years, from the time George 
Devol patented the first industrial robot 
arm in 1954 to the 2008 birth of the 
UR5 cobot at Universal Robots, to 
form the realm of cobotics. The next 
big cobot achievements will arrive 
much faster, and for that, the industry 
will have AI to thank. Still, considering 
AI is a work in progress, it will likely 
enter cobots one step at a time, 
with incremental advances adding 
intelligence to the machines, ushering 
in a new generation that will promote 
them from collaborators to full partners.
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Technology advancements for the 
daily workspace continue. Personal 
computers have remained a required 
tool for a generation of workers, 
providing businesses with greater 
efficiency in satisfying customer 
demands. In the coming generation, 
robots will move from impersonal 
objects performing production 
operations located on factory floors to 
personal objects interacting with both 
workers and customers throughout 
the business environment. 

My employer, Mouser Electronics, 
is a worldwide, leading, authorized 
distributor of semiconductors and 
electronic components for over 700 
industry-leading manufacturers. As a 
distributor, Mouser Electronics has a 
workforce and warehouse that serve 
and work to provide inventory and 
ship products for design engineers 
and buyers. Warehouses such as 
this are concerned with tasks that 
involve the assembly, loading, picking, 
shipping, and transferring of parts.

It’s conceivable that in the future 
collaborative robots, operating with 
computer control and six-degrees of 
freedom, will start to assist humans 
with many of these warehouse tasks. 
Robots can be guided to help assist 
with receiving and shipping pallets 
of products. Parts can be loaded 
onto conveyor belts to arrive at 
sorting locations where robots can 
use their robotic hands, guided by 
machine vision and tactile sensors, to 
deftly manipulate through parts and 

properly sort products into specific 
bin categories for further stocking 
and shipping operations. Robots may 
carry coordinated loads full of parts 
to predetermined locations for further 
dispersal to the stockrooms and 
specific bin locations (Figure 1). 

Figure 1: Robot controlled forklift 
trucks are the innovation of 
tomorrow’s workforce. 

Collaborative robots will work 
jointly together with humanity on 
activities related to the delivery of 
goods and services. Their impact 
on the workplace will far exceed 
the impact of personal computers 
in the workplace. This article will 
examine and discuss what this 
transformational revolution will 
mean for the workforce of tomorrow. 
Additionally, the social impact on 
workers and society will require them 
to adjust their creative talents to 
position themselves to guide, direct, 
and control robots rather than merely 
be displaced. The seismic shift in 
our work requires us to look at how 
society needs to prepare for a future 
that is always approaching and 
requires that people maintain high 

degrees of adaptability, flexibility, and 
ingenuity. 

Economics of Automation

The reason why collaborative robots 
are making inroads is a matter of the 
economics of automation. Automation 
means that a process is self-moving, 
working by itself with little or no 
direct human control. Automation 
brings economic advantages to the 
workplace by increasing productivity.

A key economic advantage is there 
is less human involvement, meaning 
that a cost expenditure—of human 
labor—is reduced. Naturally, the 
reduction in human capital gets 
mitigated by increased expenditures 
for automation equipment. In this 
case, collaborative robots. 

A collaborative robot can successfully 
emulate a human operator’s physical 
skills, performing with higher 
precision and reliability while doing 
it without fatigue—potentially 24/7. 
Presently, manual tasks such as 
moving and stacking inventory may 
get performed through the assistance 
of collaborative robots. Humans often 
get a bad back from such lifting or 
find this work more difficult as they 
age. Collaborative robots, with proper 
maintenance, are extremely robust 
and dependable. 

Besides being steady and reliable, 
automation reduces errors, providing 
further economic incentive. 

Collaborative robots working to deliver goods and services will soon be in habitual 
contact with humanity, and their impact will revolutionize the workplace. 

SOCIAL IMPACT OF ROBOTICS IN THE WORKPLACE:
THE ARRIVAL OF THE PERFECT COWORKER
By Paul Golata, Mouser Electronics
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Collaborative robots can perform their 
programmed tasks to their intended 
completion. If they run into issues, 
they can be programmed to either 
solve the problem or move on to other 
programmed activities to maximize 
efficiency. 

Collaborative robots bring humans and 
automation together into a working 
relationship. It demands that there 
is a proper understanding of what 
should be automated and how much 
it will cost to realize this automation. 
Bringing collaborative robots to the 
forefront will impact the workforce 
and the market for labor. How fast 
these systems will become to reality 
is uncertain, but it is certain that they 
are coming. Collaborative robots will 
provide opportunities for all companies, 
including Mouser Electronics, to 
provide better service and value to 
their customers. 

Automation Alongside Humans

Movies largely inform most people’s 
ideas of robots. The Star Wars 
series has positively positioned 
collaborative robots in the minds of 
many. C-3PO with his ability to assist 
in language translation and R2-D2’s 
astro-mechanical skills manifest 
something of what it may be like in 
the workplace of the future when 
humanity works side-by-side with 
robots. Let’s examine a few details of 
how collaborative robots may enter 
the workplace, where they might be 
employed, and what roles they might 
fulfill.

Automation will initially lend itself 
to certain tasks. Tasks that include 
data collecting, data processing, 
decision making, and manual labor 
functions, which can be structured 
and programmed, will likely be the 
first portions of the workforce to 
experience the impact of collaborative 
robotics. These activities account for a 

significant portion of what employees 
currently perform in economically 
advanced locations. Because of the 
inherent complexity of automating all 
tasks, initially, impacts will reside on 
those roles most easily automated: For 
instance, your “Big Mac” hamburger is 
handed to you by a collaborative robot 
serving you at the counter.

Collaborative robots will help 
economies by providing more 
productivity. However, they will require 
human assistance to adapt to what 
they do at work (Figure 2). McKinsey 
Global Institute (MGI) is a think-tank 
leader that focuses on helping leaders 
in the commercial, public, and social 
sectors with the facts and insights on 
which to base management and policy 
decisions. MGI estimates that in the 
next ten years, globally hundreds of 
millions of jobs will require significant 
transitions due to the impact of 
technology.

Figure 2: Your new best friend at the 
office could be a robot. 

The arrival advanced automation, 
artificial intelligence (AI), and 
collaborative robots, as previously 
mentioned, will negatively impact 
those job functions that will be 
displaced through the takeover of 
these technologies. The expectation 
is that jobs focusing more on physical 
aspects rather than mental aspects are 
the most vulnerable to an automation 
takeover. It’s likely that those with 
lower education levels will experience 
the greatest impact. Increasingly 
jobs will require minimal levels of 

education to be able to provide a 
sustainable differentiation between 
human physical labor and that which 
can be automated. Advanced degrees 
in technology, automation, software, 
and AI will provide job opportunities 
for people to employ their skills in this 
future environment. 

Workforce Impacts

Market economics, through the supply 
and demand curve, suggest that a 
potential oversupply of people available 
for these roles will result in lower real 
wages paid out. Considering incoming 
job displacements brought on by 
technology’s fulfillment of job functions, 
it’s imperative to find ways for people 
to “slide” over into new roles that add 
value to an enterprise. Correspondingly, 
the total wages for these job categories 
and functions will lessen. Income 
differentials between jobs could grow 
as jobs dependent on physical labor 
experience lower wages and those 
requiring mental ingenuity experience 
a rising wages. Wage stagnation is 
present in many modern, advanced 
economies. Workers, desirous to earn 
a living and decent wage, may be 
subjected to unpredictable changes in 
their income.

The future will rely on machines doing 
physical activities while future workers 
will focus on applying, communicating, 
coordinating, and managing work 
processes. Higher-level intelligence 
skills such as emotional intelligence 
and social intelligence will increasingly 
be required. The ability to combine 
creativity with ingenious logical 
reasoning will be highly valued. 

“...the workforce must be 
fluid in its ability to adjust to 
changing situational dynamics 
and be ready to move in 
directions that offer high-value 
opportunities.”

[ C O N T ’ D  O N  N E X T  P A G E ]
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Skills needed for success in this 
transition will require retraining and 
increased flexibility. The potentially 
fast pace of these implementations 
and changes mean that the workforce 
must be fluid in its ability to adjust to 
changing situational dynamics and be 
ready to move in directions that offer 
high-value opportunities. Younger 
workers may be more conditioned to 
handle these dynamics, which may 
result in potential employment issues 
for those workers who have developed 
long-term, firmly entrenched, but less 
flexible and adaptive skills. Retraining 
and reskilling (or uptraining) will be 
required to augment these workers 
skills.  
 

Societal Impacts

The Internet, mobile phones, and social 
media are examples of technology 
that have become ubiquitous and an 
integral component of society. The 
world we live in will become increasing 
digital and informational. Ensuring that 
one is equipped to handle reality, in 
this manner, will be an essential tool for 
successfully earning a living. 

The first thing to take note of is the 
need to be aware. Perception is 
required to be cognizant and open 
to adaptation. The speed of these 
impending changes suggest that 
awareness start immediately and be 
increased in volume and frequency so 
that society starts to take heed to what 
is happening. In the meantime, market 
forces will push us strongly in this 
direction. Technology has always been 
applied to industry, but the future may 
be different than the past. It seems that 
this time technology is bringing more 
than just extra “muscle”; it’s bringing 

“the muscle and the brains.” 

The current trajectory suggests that 
structured, unskilled, physical labor will 
be replaced in a manner analogous to 
the telephone switchboard operator 

of yesteryear. While governmental 
educational programs aimed at 
schools and universities may aid with 
societal adaptation, it is likely that 
most of this responsibility will fall on 
industry itself. Governments will have 
to address how they intend to protect 
the most vulnerable people that may 
be left behind in the wake of any 
negative economic shifts that lead to 
their displacement. Will governments 
provide economic income protection 
and look for ways to create policies 
that support transitional workers?

In successfully engaging the future, 
enterprises will determine what the 
most valuable assets are that they 
will need from employees as they 
acquire workers from the marketplace. 
Companies can exhibit leadership 
and commitment to their employees 
by fostering internal programs to 
help people garner new skills that will 
ensure the company’s competitive 
advantage. On-the-job retraining to 
augment a worker’s skills will yield a 
worker better suited in the new reality. 
But will companies take the lead to do 
so? Instead, they may simply take an 
easier route, one that avoids retraining, 
and re-gear for the future by new hiring. 
This will require businesses and society 
to work to improve job mobility from 
one employer to another so that skills 
can flow where needed in the most 
efficient manner.

Future of Work

The future of work will be drastically 
different than the work of today. One 
of the most interesting ways it will 
be different is that new agents will 
come into the workplace. Several 
generations ago a massive shift 
happened in economies. The nature 
of work shifted from agricultural to 
business and moved people from 
rural areas to large cities. Over the 
past several generations women have 
increasingly entered the workforce, 

working in every role and aspect 
alongside men. However, the future 
anticipates even more massive shifts 
in the workplace, as people will be 
working alongside robots—specially 
designed machines that have the 
power to act and fulfill suitable roles 
complementary to their human 
counterparts. 

The introduction of collaborative robots 
into the workplace accompanies many 
other changes that will coincide with 
their development. For example, AI will 
increasingly be used to store, process, 
and analyze vast amounts of data. 
Technology will extend workplace 
capabilities, increasing efficiencies 
and creativity. Because of its highly 
intensive, cognitive workload, it will 
deliver active insights that promote 
progress. The impact of technology 
leads many to contemplate what 
role humans will play in the future 
workforce as collaborative robots and 
technologies, such as AI, replace their 
humans counterparts.

Conclusion

Times are changing, and one needs 
to be ready to roll with the changes. 
Collaborative robots are already 
arriving on the scene and will soon be 
working with us as a norm day-in-and-
day-out. They offer the opportunity 
to help make our economy more 
productive. This recognition of reality 
demands that changes in technology 
bring with it the requirement of human 
adjustment. Fortunately, despite our 
ongoing pursuit of security, safety, 
and comfort, we are, as a species, 
excellent at adapting to change. 
Let’s welcome the assistance that 
technology and collaborative robots 
promise, as we ultimately move 
together to make all workplaces safer 
and more productive.
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“Companies can exhibit 
leadership and commitment to 
their employees by fostering 
internal programs to help 
people garner new skills that 
will ensure the company’s 
competitive advantage.”
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