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What we can learn
from robot ethics
Three things industry can learn from new robotic standards
The British Standards Institute (BSI) recently released a new set of standards
for the ethical design of robots and robotic devices. The standards highlight
the growing need for guidelines on robotic safety, contact with human
beings, robotic deception, addiction and possible sexism or racism exhibited
by self-learning artificial intelligence (AI) systems.
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When science fiction writer Isaac Asimov wrote
about the three laws of robotics in his book
Runaround in 1942, little did he know they would
one day become a reality for a world filled with
robots. From automated manufacturing plants,
medical and pharmaceutical applications to
military, agricultural and automotive systems,
robots are everywhere in our modern world.
Asimov’s laws outline that a robot must not
injure a human being, must obey humans and
must protect itself. The new BSI standard BS 8611
builds on Asimov’s laws and aims to help designers
and manufacturers consider the ethical hazards
of robots. The new standard states that, “robots
should not be designed solely or primarily to kill or
harm humans; humans, not robots, are the
responsible agents” and that “it should be possible
to find out who is responsible for any robot or
its behaviour”.

Lessons to learn
Here are the top three things industry can learn
from the new standards for robot ethics:

1. Industry needs to focus on
robot safety
In large part, the new standards cater for the rise
in artificial intelligence (AI). Although this is one
of the most exciting developments in robotics,
it is not currently where the majority of robots are
used. The industrial robots sector is the principal
driver in the general robotics market, accounting
for a 33 per cent rise in 2015 according to a report
by the International Federation of Robotics.
The new standards make it clear that a robot needs
to be, “safe, secure and fit for purpose”. As such,
the introduction of the new standards will have
far-reaching implications, particularly for industrial
users where hazardous robotic environments can
pose serious risk of injury to human workers. Many
of the deaths caused by industrial robots in recent
years may have been avoided if their design
considered smart algorithms and programming
that was aware of human presence.

2. OEMs need to change the way
they design robots for the future
To date, the majority of industrial robots have
been used in traditional applications including
factory automation, automotive, metalworking
and electronics assembly. The rise of smaller and
lighter robots capable of delivering higher payloads
with very high accuracy means that original
equipment manufacturers (OEMs) need to rethink
their approach.
Industries including aerospace, pharmaceutical,
food and medical manufacturing are increasingly
demanding specific requirements for each
application. Whether its aerospace robots that
need to use lightweight, high torque gears for the
vacuum of space, pharmaceutical and food robots
that need to offer ingress protection for easy
cleaning or collaborative robots used for small
electronics assembly alongside human workers,
the traditional approach to robotics simply will
not work.
By considering the variety of new applications and
choosing the right components for each application,
design engineers can successfully embrace the new
wave of robot developments.

3. Humans will remain responsible
for a robot’s actions
As robots become more sophisticated, our
perception of their traits such as deception,
addiction, sexism and racism will only grow.
Despite this, a responsible human being will always
need to be accountable for the robot’s actions.
Although this raises many legal and ethical
questions, we can reduce the risks by improving
transparency in the robotics supply chain, by
choosing the right component manufacturer at
the outset, setting high standards for the design
engineering and product testing of new systems
and better recycling obsolete systems.
By changing our approach to the way we design
and use robots, engineers, manufacturers and
users can embrace, rather than fear, robot ethics.
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CoBots lead the
trend in robotics
The biggest trends in the robotics industry include collaborative robots
(CoBots), a move towards high precision applications and the rise of the
Internet of Robot Things (IoRT).

4

Between 2010 and 2014, robot sales reached
171,000 units globally, a rise of 48 per cent on the
previous four years and representing a compound
annual growth rate (CAGR) of 17 per cent. This is
according to research by the International
Federation of Robotics (IFR), which also identified
China as the world’s biggest buyer of industrial
robots with a 25 per cent share of the
worldwide market.
However, this rapid pace of development is nothing
new. The history of modern robotics is a short one,
with much of the innovation in the sector
happening in the last fifty years. If we look back,
we can see that credibility in the industry was really
established with the advent of the first industrial
robot, created by American inventor George Devol
in the 1950s and patented in 1961.
Devol’s invention was significant for a few key
reasons, not least of which was the robot’s ability
to offer freedom of movement through six axes.
It also demonstrated the effective use of hydraulic
power and was capable of lifting payloads of
up to 250kg.
So what makes this latest surge in growth
significant? Taking a closer look, we can see that

improvements in integrated technology such as
motors, drives, controls, gearing systems and
sensors are really driving demand across sectors
including automotive, industrial automation and
the electronic semiconductor market. These
technological advancements are leading to some
unique and never before seen innovations
and trends.
Having specialised in high precision gearing
systems for as long as industrial robots have been
around, here at Harmonic Drive, we have also
experienced a similar demand for gearing systems
that are lighter, more compact and more powerful.
In the last decade alone, our focus on meeting our
customers’ increasingly demanding requirements
has resulted in a 90 per cent increase in the
torque-to-weight capacity of our gearing
component sets — improving from an average of
310Nm/kg to an extraordinary 580Nm/kg.
As a result of these developments, we are now
witnessing a shift in the industry based on three
new trends. These include the rising popularity of
collaborative robots, the demand for ultra high
precision and the wider adoption of the Internet
of Things (IoT).
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Working with
cobots

New heights
of accuracy

CoBots are set to mimic and learn from humans.
Picture this: a small electronics assembly plant
consisting of dozens of assembly lines is operated
by a handful of human workers and yet
productivity and efficiency is higher than was ever
achievable with all-human setups. How is this
possible? CoBots, of course. Previously reserved for
heavy industrial applications and confined to cages
to prevent accidental injury to human workers, six
axis robots are quickly moving to applications
traditionally only deliverable because of the
dexterity inherent in human hands.

Anyone that has threaded the eye of a needle will
appreciate the dexterity and finesse required to
complete the task. Now imagine doing this at high
speed with the same level of accuracy, repeatedly
for 24 hours and then you will come close to
understanding the demands placed on modern
semiconductor manufacturing.

We are now reaching a point where the integration
of previously disparate electromechanical
components is making small desktop robotic
arms a reality. Motors, gears, bearings, housings,
sensors, control electronics and connectors can
all deliver a high level of performance in a
small package.
In many cases, a human worker can stand next
to a robot, hold its hand, and guide it through a
delicate task. This movement is perfectly recorded
in real-time and the software can begin to
automatically programme the necessary
commands allowing the robot to repeat this task
again and again. Increasingly sophisticated
computational and algorithmic intelligence further
allows the robot to “learn” and improve tasks as it
becomes more experienced.
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Applications including material handling,
automotive manufacturing and dispensing in
pharmaceutical and food processing would
simply be unable to achieve the high volume and
high quality output they currently enjoy, without
high accuracy robotic automation.
In particular, wafer-handling robots used in the
semiconductor industry — to produce the computer
chips used in our everyday devices — have the
challenging task of stacking silicon wafers into a
cassette tower by accurately detecting wafer
presence and position. This task is completed
by calculating the wafer centre to an accuracy of
5000ths of an inch to reduce errors. This is only
achievable with the zero backlash, and lightweight
high precision gears used in the robotic arms.
Accuracy will continue to play a major role in
the next decade as we witness the advent of
surgical robots, where surgeons can perform
operations remotely, without the need to be
physically present.

The Internet of Robot Things
There is no doubt that the IoT has already made waves in the world of consumer electronics. The
increased use of embedded sensors, along with higher bandwidth broadband and mobile speeds is set
to revolutionise public transport, driverless cars, smart wearable medical devices, as well as building
HVAC and lighting management.
This trend for IoT enabled devices is also spreading to the industrial automation sector. Amazon recently
brought its robotic fulfilment model to the UK. Having purchased a robotic manufacturer for over £530m
in 2012, the online retailing giant is working hard to realise drastic efficiency improvements in its
fulfilment process. Before long, we can expect orders to show up at our door within hours of clicking the
buy button.
Apart from reliable sensor data, the hardware behind these robots needs to deliver long-term reliability. It
is no use making efficiency savings in the short term if parts such as gears and motors need to be replaced
every quarter. Managing maintenance schedules, reliability and return on investment is essential if
businesses want to make the transition to highly automated industrial setups.
The trend for collaboration, high accuracy and the internet of robot things is well underway. The
rapidly changing robotic environment will continue to pose both challenges and opportunities for small
and large businesses alike. Businesses that respond quickly, adopt and integrate these technologies will
be the ones to gain the most competitive advantage.
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High precision is
the key to the
future of robotics
As far back as 1925, Scottish inventor John Logie Baird successfully transmitted
the first recognisable image using a device he called the Televisor. However, the
technology was held back until after 1947 when John Bardeen, Walter Brattain
and William Shockley of Bell Laboratories co-invented the transistor.
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It’s no secret that the UK is lagging behind the rest
of the world when it comes to both innovation and
uptake of robotic technology. While large robots
have been widely seen in industrial or
manufacturing settings since the 1970s, the current
trend in Asia and America for smaller, collaborative
robots has barely made a dent in the British
marketplace.
The global market for service and industrial robots
is estimated to reach $59.5bn by 2020 and the UK
has identified robotics as a technology that’s key
to its future growth. To this end, the government
has launched several initiatives, such as the first
annual robotics week in June 2016, launching
special interest group RAS2020 to focus on
improving the robotics and autonomous systems
sector and investing £400m in driving robotics
innovation.
Whether or not you believe that robots are coming
to take your job or are just excited at the prospect
of technological advancement, the age of the robot
is upon us. The way we use robotic technology is
going to change dramatically and this evolution is
entirely dependent on high precision components.
Robots are now being designed with collaboration
in mind, bringing them out of isolation and
integrating them into the human workforce in a

variety of settings, including both the production
line and the operating theatre. This close proximity
to and interaction with people is driving the need
for increased accuracy in terms of functionality,
when being used for intricate tasks such as surgery
for example, as well as reliable reactions should an
incident, such as a collision with a person, occur.
High precision gears in robot arms, such as those
designed by Harmonic Drive, ensure reliability and
safety. After all, it doesn’t matter how reliable a
robot's sensors are if the robot arm itself cannot
stop before causing damage or doesn’t respond as
expected to commands. Strain wave gears like
ours allow for highly accurate movements that can
be repeated time and time again with perfect
precision and zero backlash. This level of accuracy
and repeatability affords peace of mind that
collaborative robots can be relied upon to react
to their surroundings and perform as required.
Essentially, high precision gears are the robotic
equivalent of television’s transistors. However,
unlike television, innovators in the robotics
sector aren’t waiting around for their transistor –
it’s already waiting for them. The key to growing
the UK’s innovation in robotics is high precision
gears; inventors and original equipment
manufacturers (OEMs) simply need to take
advantage of it.
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What does the
future hold for
robotics?
The robotics revolution is upon us. It has long been the topic of sci-fi
thrillers, but now it has arrived, it looks very different to the way we
envisioned it. Mechanical men don’t march among us, in fact robots
are mainly used in industry and they have only just been permitted
to operate outside a robot cell.
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Research published by analyst firm Gartner has predicted that one in three jobs will be automated using
robotics or software by 2025. A recent report from International Data Corporation reinforces these
findings, claiming that the robot market is set to boom in the next three years, growing at a CAGR
(Compound Annual Growth Rate) of 17%.
For decades robots have performed a multitude of pick and place functions in many industries that would
have previously been filled less efficiently by human workers. Despite market growth and continued
adoption, these robots have not rendered human workers obsolete. In fact, the two coexist through
collaborative robotics – the latest trend in industry.
For example, surgical robots rather than replacing surgeons, enable them to perform complex procedures
with high accuracy. The result is a safer operation and surgeons who are able to work further into old age,
thanks to increased steadiness and precision provided by robotics.
Before robots can be implemented in other sectors of industry and trade, health safety standards need to
be put in place. The British Automation and Robot Association (BARA) states that the only way to ensure
safety in robotic workplaces is to “exclude people from the robot working area”. Not only would this prove
difficult in many non-factory settings, it is also counterproductive for developments in robotics. Rather
than separating humans and robots to prevent the risk of harm, we should be looking to construct robots
that are safe to use alongside workers.
Fortunately, the robotics industry has been working towards realising the vision of collaborative robots
for some time now. In 2013, the first safety standards for collaborative robotics, ANSI/RIA R15.06, were
published, signalling a period of change for industry.
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More recently, the ISO/TS 15066 standard was
published in March 2016. It specifically outlines
guidance and requirements of collaborative
industrial robot systems. This was dubbed a
“game changer for the industry” by Carole Franklin,
secretary of ISO/TC 299/WG 3, as up until its
release “robot system suppliers and integrators
only had general information about requirements
for collaborative systems. [ISO/TS 15066] gives
specific, data-driven safety guidance needed to
evaluate and control risks.”
As more industries begin to adopt collaborative
robotics, we will undoubtedly see the release of
even more standards to govern them in new
sectors. Robot manufacturers will be under
constant pressure to maintain high levels of
reliability and repeatability, both in the software
used for programming robots and the components
they are made with.

using robotic gears, such as our HFUC-2UH series,
that offer repeatable peak torques and are
lightweight and compact, enabling the robot to
be both nimble and reliable.
Likewise, robots in handling applications rely
heavily on spatial awareness and movement.
Cameras are often used to simulate vision, but
these must offer a high quality image to be
effective and prevent both harm to workers and
inventory pile-up. In regards to safety, the robot
must also have the capacity to react quickly to a
human presence.
A robotic future does not have to be a
concerning concept as long as manufacturers do
not cut corners on components. By ensuring a
consistent performance, humans and machines
can work side by side without worry.

Reliability, repeatability and payload form a holy
trinity of robotics requirements. Because
collaborative applications require robots to operate
at high speeds and in the company of workers, it
is crucial that the internal components provide
consistent performance. In particular, precision
gears that allow robots to move to exact
measurements and stop without delay and zero
backlash are particularly important for the future
of robotics.
If a surgical robot is unable to operate with
absolute precision, it can put patients at risk
during the surgery. Safety can be guaranteed by

For information on Harmonic Drive’s range of precision gears for robots, visit the company
website www.harmonicdrive.de or contact +44 (0) 1785 245 190.

Harmonic Drive UK
Wolseley Court,
Staffordshire Technology Park,
Stafford
ST18 0GA
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