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The greatest task before civilization at present is to make machines what they ought to be, the slaves, instead of the masters of men. 
(Havelock Hellis, 1922)
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                This book is a thrilling voyage
of discovery through the world of next-generation robotics.
It describes collaborative robots who work alongside human operators
as colleagues, driverless vehicles, humanoid robots working in the
home and office and exchanging information through the Internet
of Things, civilian and military
drones, robo-surgeons more precise than any human physician and other
wonders that have emerged from the realms of science fiction to
become the reality of today.  


Robotics
will be a key factor in the development of the global economy in the
coming years. The sector is expanding
rapidly with dozens of robotics companies active around the world and
many more innovative start-ups seeking funding from government
programmes and venture capitalists across three continents. A
technology race is under way between the USA, Europe and Asia.
Getting left behind in robotics development means losing
manufacturing competitiveness, slowed economic development and a
workforce whose skills will be obsolete within a decade. 



  
    Robotics
is attracting investors who recognise the earnings potential in the
medium term.
  
   As a financial analyst,
the author’s interest goes beyond cultural and emotional
considerations to include market analyses and the examination of
investment opportunities. Part Three of the e-book consists of an

  
    in-depth analysis of robotics in the Stock Markets 
  
  while the whole book includes 
  links to 
  
    Reuters.com
  
  
for up-to-date information and figures on listings.



Who
are the target readers of this book?


  
    Those
who want to know more about modern robotics, are interested in the
financial markets and are looking for out-of-the-ordinary investment
ideas
  
   will find this book a perfect
mix of information on the sector, insights into robotics, example
applications and financial analysis. The author's twofold aim is to
provide a comprehensive overview of robotics and provide practical
instruments for readers who want to know more about stock
market-listed robotics companies.


How
the book is structured

The
book is divided into four parts: 



	
the
	first part introduces the subject and
	consists of four chapters. This part of the book gives an insight
	into the cultural considerations of robotics and developments in the
	field over the last 50 years in terms of electronics, computing and
	mechanics. It also identifies the major global players in robotics
	and describes progress towards the next generation of robots that
	will be coexisting with humans in just a few years; 
	

	

	
the
	second part of the book examines robotics applications in a broad
	range of economic sectors. This part
	comprises five chapters filled with videos and photos showing robots
	in their working environments as well as innovative prototypes
	developed at research centres all around the world; 
	

	

	
the
	third part of the book analyses the financial aspect of robotics as
	an investment opportunity. This part
	consists of three chapters: the first discusses the market data of
	industrial and service robotics in detail; the second chapter delves
	into financial information on robotics companies and provides useful
	tips on how to approach the industry from an investor's point of
	view; finally, the conclusion paints a picture of the current
	situation and provides food for thought for the future.

	

	
The
appendix concerns training and education in robotics and provides younger readers with invaluable information on where to study robotics and what the most sought-after skills are at present.
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ANDREA
FORNI, an Economics and Business graduate, is a professional
financial market analyst who specialises in intermarket and sectorial
analysis of technological securities. He founded FRN
Trading Strategies in 2012, a specialist company offering
high-quality financial advice and selling information services and
research on the financial markets.


  
    

  



  Dr
Forni is qualified as an 
  
    IFTA CFTe
  
  
(
  
    Certified Financial Technician
  
  ),
issued by the International Federation of Technical Analysts. 
  He is
registered on the Roll of Financial Advisers.



  
    

  



  Dr
Forni was presented with the 
  
    SIAT
Technical Analyst Award 
  
  at the Italian
stock exchange on 13 April 2010 as the best technical analyst of the
year.



  
    

  


Dr
Forni has written two books, two research papers and dozens of articles for a wide range of printed and
online publications on information technology and the financial
sector. 
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                InvestiRobot – Observatory on Investment in Robotics is the initiative created by the Author of this book in order to bridge the gap among robotics companies, istitutional and professional investors, and users. InvestiRobot offers a number of analysis services and public speaking activities to create information, culture and education around the role of Robotics in the society of the future. More information about InvestiRobot can be found at
www.investirobot.com. Among the cultural events launched there is the first Italian Meetup on Robotics based in Milan that
involves its members in cultural and networking events every month. 

 



The author can be contacted in the following ways:


	
Facebook: www.facebook.com/groups/RobotsTheNewEra/

	

	
Twitter: @frntrading

	

	
E-mail: info@frntrading.com

	

	
InvestiRobot website:
	www.investirobot.com



	FRN Trading website: www.frntrading.com


	Italian
Meetup on Robotics website: http://www.meetup.com/RobotsTheNewEra/ 
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The Vice-President of Texas Instruments Remi
El-Ouazzane, interviewed
by The New York Times on the future of robotics in 2012, said: 



We have a firm belief that the robotics market
is on the cusp of exploding. 


Robots
today are no longer merely innovations used in manufacturing plants
to carry out heavy, repetitive tasks and replace human operators on
assembly lines. The word "robot" is usually associated with
two mental images: the first is of long, hinged, mechanical arms
welding sheet metal and fitting windscreens. The second image comes
from science fiction films where the robot has a humanoid form,
speaks with a metallic voice and is often very, very evil. 


El-Ouazzane's
statement does not refer to mechanical arms confined to an industrial
environment. Today robots can be used for more than purely
manufacturing activities. The convergence of a series of technical
and scientific disciplines that have reached a sufficient degree of
maturity makes the creation of a new generation of machines possible.
These make use of outstanding artificial intelligence and
highly-developed sensors to autonomously interact with humans and the
surrounding environment, whether a factory, office, private home,
battlefield or motorway. 


Proof
that this situation is not a fantasy is provided by the fact that the
greatest visionaries of our time such as Larry
Page (Google, GOOG),
Jeff Bezos
(Amazon.com, AMZN)
and Mark
Zuckerberg (Facebook, FB)
are ploughing millions of dollars into robotics and artificial
intelligence companies that the general public have never heard of;
that the European Union launched a tendering process in December 2013
aimed at developing the European robotics sector with a EUR 700
million budget for the Horizon
2020 Research and Innovation Programme; that the American
government ratified a programme document for the roadmap
for U.S. Robotics in March 2013 
and has prioritised the teaching of science subjects in schools of
all levels through the STEM
Education programme as a concrete response to the Robotics Initiative launched by President Obama on 24 June
2011. 


Examining
the current status of robotics seems akin to turning the clock back
to the early 1990s when the dawn of the Internet was causing the same
innovative ferment against a background of total disinterest by the
general public who knew nothing of the technology and the potential
of its application. At that time, the shares of companies with
strange names such as Yahoo!,
Netscape Communication
and Amazon.com
were traded on the stock market at modest prices. Then halfway
through the 1990s the general public woke up to the stocks through
inspirational media reports. An irrational euphoria created a huge
bubble in just a few years which ultimately burst on 10 March 2000
after the NASDAQ technological index had reached a record level of
5,132.52 points. This brief period of exponential growth of Internet
securities allowed companies to capitalise and enriched those who had
invested at the right time but served as a major disappointment for
everyone else. After the bubble burst, the only companies to survive
were those with a solid business model led by visionary entrepreneurs
who could fulfil market needs, while the other dot-com companies
disappeared from the collective memory. 



  This
is why, in our opinion, the robotics sector is comparable to the
Internet sector in the first half of the 1990s. Service robotics is
already on the launch ramp against a background of disinterest from
the media and a lack of knowledge by the general public. This is
despite a palpable sense of excitement and unequivocal technological
progress together with significant funding from public and private
investors.


Some
may argue that we are in the early stages of a sector that has the
potential for huge expansion and it is therefore difficult to
identify the companies that are likely to succeed. Furthermore, what
happened to Internet companies and the experience of those who
invested at the peak of the market has instilled a sense of caution.
To reassure the reader, let us draw a distinction between the dot-com
companies of the 1990s and the robotics companies of today. This time
the product is real, tangible and already successfully applied in
many economic sectors as we will describe in this book. We are not
therefore confronted by simple business ideas passed off as companies
with high growth potential through a new evaluation model invented by
investment banks! Or at least, not yet. 


Nor
are we confronted by initial prototypes that entail a risk of the
product not reaching market or not becoming economically profitable.
Robotic applications have been used in manufacturing industry for
decades and have recently been adopted (in other forms) in spheres
such as the hospital, aerospace and subsea exploration sectors as
well as, obviously, for military purposes. Research programmes are
being financed by governments, major industrial groups and leading
universities. Start-up companies developing an innovation quickly
find funding and are acquired for millions of dollars by major groups
such as Google which seems to have a huge appetite for robotics. 


What
is now making a difference and breathing life into the "second
generation" of robots is the convergence of mechanical, digital
and information technologies. These have developed such that their
combination allows the construction of intelligent machines that have
the ability to learn independently, act autonomously of humans and
communicate with each other taking advantage of the enormous amount
of data continuously produced by millions of low-cost digital devices
connected to the nascent Internet of Things as shown by
this video
produced by the British company Telit®
Wireless Solutions (TELT),
a leader in M2M communications (Machine to Machine). 


This
second generation of robots will be used in traditional activities
that will be completely revolutionised as a result. Just imagine the
impact on the public and private transport sectors of the adoption of
driverless vehicles. All the major automotive manufacturers are
carrying out tests at their research centres as well as on public
roads. 



  However,
our research shows an external factor that is slowing the advance of
robotics: the need for legislators to revise current laws that govern
daily life in order to allow the coexistence of humans and robots and
the use of driverless vehicles and pilotless aircraft. An example is
the need to regulate the flight of delivery drones that companies
could use to speed up the dispatch of products to clients.
Furthermore, the laws on vehicle insurance premiums should be
redefined for driverless vehicles as the accident rate would drop
considerably using these vehicles (90% of accidents are caused by
driver error).


The
real revolution will come with the development of humanoid robots
which will have a profound effect on traditional personal services.
Caregiver robots helping the elderly, waiter robots in restaurants
and at home, and concierge robots in public buildings will become
familiar sights in the coming years. This will raise issues
concerning ethics, labour relations and legislation as we seek to
regulate the coexistence of humans and robots under the same roof. 
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Figure
1.1. New Asimo humanoid robot – Courtesy of Honda Robotics









Battlefield
scenarios will also be revolutionised with the use of masses of
soldier-robots, autonomous military vehicles, underwater and surface
robot vessels and airborne drones that will fight alongside or in the
place of human soldiers as described in the "Sectors of
application: Security and Defence" chapter. These developments
have led to the ethical initiative entitled The
Robowar Responsibility Project.  


While
writing this introduction it seemed a good idea to include a few
videos so that you do not doubt the state of the author’s mental
health. Much of what we have described has up to now been the stuff
of science fiction films. Yet some of these films have predicted the
future for robotics. These include the disturbing Westworld,
directed by Michael Crichton in 1973, featuring an extraordinary
performance by Yul Brynner as a robot gunslinger; I,
Robot, a 2004 thriller starring Will Smith as a policeman in a
world inhabited by both humans and humanoid robots; Catherine
and I, a 1980 Italian comedy about the strange relationship
between a family man and his new robot servant. The technological
marvels in many such films are now entering our daily lives: some are
already in our homes, such as the 10 million Roomba®
robot vacuum cleaners sold by the American company iRobot®
(IRBT),
the world leader in this niche market. 
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Figure
1.2.
iRobot®
Roomba®
vacuum cleaner – Courtesy of iRobot®









While
researching this book, it became obvious that without seeing the
machines that we are talking about in operation it would be difficult
to explain the subject and give the reader an insight into the
marvels of robot technology. The decision to publish in a digital
format means that links can be included to the websites of robotics
companies and research centres; references to the most up-to-date
blogs inserted; dozens of videos from company websites and YouTube
provided and also downloadable pdf documents highlighted to give
further information about all aspects of the subject. 


It
seems a safe bet that by the end of this book, even the most
sceptical reader will have changed his or her mind and be ready to
look around with a knowledgeable eye. And it is certainly a case of
"looking around" given the widespread distribution of
robotics companies and research centres all around the world.
Governments, public entities and major private investors are
demonstrating, through significant funding and billion-dollar
acquisitions, their interest in a sector the existence of which can
no longer be ignored (the economist Jeremy
Rifkin talks about the Third Industrial Revolution). The move to
robotics is global and unstoppable and no country is immune.  



  Among
the dozens of leading robotics companies described by this book, many
are listed on the financial markets. In these cases, the
stock symbol for the principal market is included in parenthesis next
to the company name, for example: Intel
  
    ®
  
  
(INTC).
Clicking on the alphanumeric code in parenthesis will open your web
browser at the Reuters.com site to provide you with the latest
financial information on the company. 


This
book seeks to present a balanced view of the technological, economic,
social and ethical aspects of robotics while also dealing with the
financial aspects and opportunities for investment in the sector
through market-listed equities. Only in this way is it possible to
provide comprehensive information about the world of robotics which
makes it easier to identify the most attractive opportunities among
leading companies in the sector and those companies which may become
leaders in the near future. 


The
search for investment opportunities has to start somewhere. For
robotics, the right place to start is in the laboratories of major
universities and research centres financed by governments and private
sources. And don’t overlook conferences and the websites and
Facebook pages of companies developing and marketing robotics
solutions. 


To
conclude, remember that this is an educational text, a stone thrown
into the water that will create ripples, hopefully stimulating the
reader's curiosity and leading to a "light bulb" moment. I
am certain that robotics will fascinate the reader as much as it has
the author. 


 



  First edition: Milan, January 2015


This revised edition: Milan, July
2016
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BRIEF HISTORY OF ROBOTICS AND THE INFLUENCE IT WILL HAVE ON OUR
FUTURE LIVES
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  robot
[ˈrəʊbɒt] n.



  
    1
  
  
An automated machine that, programmed by an electronic processor,
carries out non-predetermined tasks in replacement of a human.



  
    2
  
  
An automaton that is similar to a human in shape and movement.



  
    3
  
  

  
    Fig
  
  . A
person who acts passively.


Although
"automatons" have been in existence since the end of the
Renaissance, the term "robot" only entered popular use in
1941 when the Russian-born author Isaac
Asimov used it in his science-fiction story Liar!
and then in 1966 in Foundation Trilogy.
Asimov put forward his famous Three
Laws of Robotics in his collection of short stories entitled I,
Robot; these still dictate the basis of
the behaviour of robots. 
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Figure
2.1.
Isaac Asimov in 1965 – Source:
Wikipedia










  The
general public knows about robots through science fiction: friendly
robots from the
film 
  
    Star Wars
  
  
and the evil 
  
    cyborgs
  
  
of 
  
    The Terminator
  
  .
Humanoid robots are still of limited application at present as some
technical problems have yet to be resolved, the main one of which is
the ability to walk on two legs in a stable manner. Great progress
has been made in recent years on four-legged robots, as shown by this
incredible image by Boston Dynamics, a global leader in the field and supplier of military
applications to the Pentagon. 





[image: image 2]

Figure
2.2.
LS3 Legged Squad Support System –
Courtesy of Boston Dynamics









The
science of the theory, application and development of robots is
called robotics
and is a branch of cybernetics. The word "robotics" comes
from the Czech language. It was invented in 1920 by the writer Karel
Čapek in a play entitled R.U.R.
(Rossum’s Universal Robots).
The word robota
means "heavy work" in Czech which offers a clear definition
of the typical industrial use of robots over the last fifty years. 


The
first humanoid robot controlled by an operator was displayed at the
Model Engineers Society in
London in 1928. However, predating this, the first automaton was
apparently designed by Leonardo da Vinci in 1495 for military
purposes; it was, in fact, a mechanical soldier. Between the 17th and
19th centuries, automata took the form of dolls, some of which were
life-sized, which amazed the public by playing musical instruments
and mimicking the behaviour of humans and animals. These first
manifestations of the robotic arts were conceived by major artists
such as Jacques
de Vaucanson and Pierre
Jaquet-Droz from France, Henri Maillardet from Switzerland and
Japanese artists who over the centuries constructed Karakuri
ningyō automata used in theatrical performances and religious
ceremonies as well as for entertainment by wealthy families. 
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Figure
2.3.
Karakuri Ningyō automaton –
Source: Wikipedia









Nowadays
robotics is a branch of cybernetics and is in continuous development
as a result of progress made in science and humanities disciplines
including electronics, computing, physics, mechanics, mathematical
modelling, linguistics, psychology, biology and physiology. These
have all contributed to resolving the infinite problems facing
engineers, giving modern robots form and movement.  


Let
us return to the words
of Remi El-Ouazzane who said in 2012 that the robotics market was
close to an explosive lift-off. There is no reason to doubt this
opinion expressed by the head of Texas
Instruments (TXN),
a successful technological company that invented the electronic
calculator some 50 years ago. But it is relevant to ask ourselves why
it is only now that the sector is ready to take off. 



The response lies in the capacity to overcome the
limits of Moravec's paradox
by digitising the analogue functions carried out on board the
machine.

                
                

                
            

            
        

    
        
            
                
                
                    
                        Moravec's Paradox
                    

                    
                    
                        
                    

                    
                

                
                
                    
                Hans
Moravec published his book Robot:
Mere Machine to Transcendent Mind
in 1998; it quickly became a key work in the robotics sector. Moravec
concluded that in just a few decades machines would match the
reasoning capacity of humans and would then supersede them by
approximately 2040. 


Until
that time, robots will have to contend with Moravec's
paradox, put forward by Moravec in the 1980s in conjunction with
the artificial intelligence gurus Marvin
Minsky and Rodney
Brooks.



Contrary
to what one would believe, replicating the patterns of high-level
human reasoning requires a relatively limited amount of computational
power while replicating simple movements or motor functions within
the physical world necessitates enormous computational resources and
millions of lines of code. This explains why for decades low-cost
computers have been able to beat medium-level human players at chess
while robots that can walk on two legs are still a rarity. The motor
skills of a three-year-old child are still superior to a machine
constructed using state-of-the-art servomechanisms and control
software. 


The
same paradigm applies to basic sensory functions and perceptions that
allow young children to recognise faces, distinguish between
different odours and fragrances, catch a ball and find an object
within a pile of similar objects (for example a child looking for a
doll in a toy box). This is why according to the cognitive scientist
Steven Pinker
machines are successful in fields of knowledge such as trading
financial instruments, legal guidance, the analysis of medical
records, data mining immense quantities of structural data and
financial analysis (Forbes magazine uses systems provided by
Narrative Science to
automatically compile news on corporate earnings). To the contrary, work that has a low profile according
to social conventions and involves manual tasks by gardeners, cooks
and nurses, or that involves an enhanced artistic sense such as
painting or poetry, will be difficult for machines to master for some
decades to come. 


In
other words, robots still lack the "flexibility" that is a
distinguishing feature of human beings. An industrial robot can be
programmed to assemble two pieces of sheet metal and can unfailingly
carry out just this task provided that the two pieces of sheet metal
are consistent in shape and are located exactly where the robot
expects to find them. Moravec's paradox arises from the fact that the
part of the brain that oversees motor functions and the senses is the
product of millions of years of evolution and comprises a
formalisation of the physical world in which we live and with which
we are integrated. The motor functions are coded so deeply that they
have become instinctive and, together with the flexibility of our
minds, allow us to survive in a potentially hostile environment
(consider the ability of a fawn to walk shortly after birth or how a
dog can swim the first time it gets out of its depth in water). 



  Another
property of the human (or animal) brain is that we apparently do not
need to model the physical environment in which we find ourselves by
using complex mathematical functions (and millions of lines of code)
in order to recognise objects, identify the perimeters in which we
are moving and understand the nature and location of escape routes.
It is intuitive for us to enter or exit a building through an opening
in a wall or a door while something deep within us stops us from
climbing through the window – except in an emergency. Such matters
are quite trivial, even for very young children, but are very
difficult to teach to a robot. To the contrary, abstract thinking is
much more difficult for humans and this is why many people find
scientific subjects difficult even though they can sometimes be
mastered by appropriately programmed computers.


It
is only now that scientists are starting to overcome Moravec's
paradox, a factor that has held back the robotics sector for decades,
restricting it to industrial manufacturing applications. This is in
large part due to the insight of Rodney
Brooks who has been working on a new artificial intelligence
paradigm with researchers from the Massachusetts Institute of
Technology (MIT) since the late 1980s. 



  This
paradigm is known as Nouvelle
AI and is based on the assumption that intelligence, understood
to be complex behaviour, emerges from the interaction of a limited
number of simple behaviours. An example is the behaviour of insects
that do not have a complex mapping of the physical world in which
they exist, but do have the capacity to avoid collisions when flying
and react to the approach of an object. In other words, behaviour is
driven by information gathered by "sensing" the physical
world instead of by a symbolic mapping of a world codified in advance
by a programmer. 
  
    Nouvelle AI
  
  
has led to the construction of robots that are exploring the surface
of the planet Mars and has afforded impetus to a new generation of
autonomous machines.
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Figure
2.4.
From automation to the Internet
of Things – author's version of a Myria Research definition chart









As
Nouvelle AI
is based on sensory data received from the external world, the
technology behind the sensors that allow machines to see, feel, touch
and perceive changes in the state of the environment is of
fundamental importance. Until a few years ago, these sensors were
constructed using analogue technology. Analogue mechanisms have
certain disadvantages including excessive size and weight, the
possibility of miscalibration and malfunctioning and inaccuracy in
signal readings. 



  The
solution to digitise these devices now exists, together with the
integration of smart functions to allow connection to the nascent
Internet
of Things. The Internet of Things will interconnect all items
that have the capacity to transmit data. The Internet of Things will have a
potential impact of USD 15-25 trillion on the global economy by 2030
in terms of new services and the reduction of waste by optimising
logistics, transport and consumption in a wide range of economic
sectors.



  As
a result of the digitisation of sensors and the exponential growth of
computational capacity, robotics is taking huge strides forward:



	
in
	the industrial world, non-traditional robots are being produced
	(collaborative robots
	or cobots)
	that even small companies can benefit from as a result of the low
	acquisition and running costs and operational flexibility. A cobot
	is instructed by an operator who guides its movements; the cobot
	then works alongside the operator at the workstation – the robot
	carries out the most repetitive tasks with the lowest added value;

	

	
robots
	are performing tasks outside industry, with service and assistance
	robots dedicated to previously inconceivable work: from simply
	mowing a lawn and vacuum cleaning to more complex jobs such as
	assisting the elderly, carrying out surgical operations and
	repairing faults to high-voltage lines.
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Figure
2.5.
The evolution of robots –
illustration by the author









How
have we reached this degree of development in just a few decades
since the birth of information technology? The answer lies in Moore's
law. 


                
                

                
            

            
        

    
        
            
                
                
                    
                        Progress in the digital world
                    

                    
                    
                        
                    

                    
                

                
                
                    
                
  In
1965 Gordon Moore
was head of the research and development department of Fairchild
Semiconductor (FCS)
when he wrote an article for 
  
    Electronics
  
  
magazine that would change the world of electronics. The article was
entitled "Cramming
More Components onto Integrated Circuits" in which Moore
predicted that: "
  
    integrated
circuits will lead to such wonders as home computers – or at least
terminals connected to a central computer – automatic controls for
automobiles, and personal portable communications equipment
  
  ."


In
the article, Moore also expressed what would become universally known
as Moore's first law: "the
complexity per unit cost of components will increase exponentially
each year in the short term to slow slightly with the passage of
time". 
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Figure
2.6.
Moore's law – Source: Wikipedia










  In
other words, Gordon Moore was convinced that the computational power
of the integrated circuits that could be acquired for one dollar
would double every year. He adjusted his estimate from one to two
years in 1975, while today we know that the period required to double
the calculative power (and thus performance) of a digital system is
approximately 18 months.



  To
explain the potential of growth on a logarithmic scale and the reason
why it seems that the speed of replacement of technology has
accelerated over the years, the renowned scientist Raymond
Kurzweil provided an illustration using a chessboard of 64
squares. If we place a single grain of rice on the first square of
the chessboard, double the quantity on the second, then double it
again on the third and so on, we get the following numerical
progression: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512. So already by the
tenth square we have 512 grains of rice! The enormous quantity of
rice that the chessboard will have to bear is given by the
mathematical function 2
  
    64-1
  
  .
The most interesting feature of Kurzweil's example is the speed of
growth. The first part of the chessboard is still manageable by
humans, but the order of magnitude in the last 32 squares is beyond
the scope of the human mind.


The
growth of electronic innovation seems to be infinite, but in order to
keep up with technological progress it is necessary to revamp
constructive processes every five or six years, a rate of change that
is unequalled in other industries. On this subject, Gordon
Moore, after having co-founded Intel®
(INTC)
in 1968 with Robert
Noyce and Andy
Grove, wrote Moore's second law
that defines the evolution of microchip production costs. By changing
their construction technology every five or six years to keep up with
Moore's first law,
manufacturing plants in turn become more sophisticated and costly.
The scientist suggests that the cost of a microprocessor plant will
double from one generation of components to the next. Irrespective of
the increased costs borne by the electronics sector to provide
evermore sophisticated production plants, the unit price of
microchips and digital components will continue to reduce as a result
of their massive distribution and use in many commonly used items. 



  Microprocessors
are spreading from the world of information technology to vehicles,
telephones, thermostats, refrigerators, toy dolls, etc., in which
they carry out precise functions that in the 
  
    first
half of the chessboard
  
   were the domain
of analogue components. We have now reached the second half of the
chessboard which is dominated by digital technology. This makes it
possible to increase the speed of technological development while
lowering the price of the final product, allowing the mass
distribution of electronics which in turn is influencing the
lifestyles and habits of millions of people.


For
example, consider how the world of photography has been
revolutionised over the last 20 years with the advent of digital
cameras. The introduction of this technology, which initially was
little used due to the low resolution of the first digital cameras
and their high cost, revolutionised the habits of consumers and led
to the bankruptcy of famous analogue photography companies. 



  End
users have embraced the countless advantages of digital photography;
there are no obstacles to its advance. Digitisation:



	
has
	reduced the cost of photography and made the entire process more
	efficient and speedy: it is no longer necessary to buy film, develop
	it and print the photographs; 
	

	

	
has
	improved the quality of service to users by means of increased
	internal memory capacities and rapid improvements of the resolution
	of medium to low-range cameras; 
	

	

	
has
	created a new approach to photography: previously cameras were only
	used on special occasions; nowadays every smartphone includes a
	camera ready for use at any time;

	

	
has
	developed new forms of journalism as events are reported and
	photographed directly using mobile phones and then posted to blogs
	and online publications;

	

	
has
	created new lifestyle trends such as selfies
	and sharing photos on Facebook, giving rise to issues of privacy and
	image rights.





What
has happened to photography is happening to robotics. Intelligent,
easy-to-use machines dedicated to the service of humans are being
developed that will be accessible to the majority of consumers in
terms of cost. 



  The
figure below represents the generic Hype Cycle, resulting from research by Gartner. The 2014 Hype Cycle for Emerging Technologies as reported in the Gartner's press release illustrates the cycle of
expectation of the adoption of new technology, showing the state of
acceptance of each technology 
  



  
    [image: image 2]
  





  






Figure
2.7.
Hype Cycle for Emerging
Technologies – Source: Gartner









                
                

                
            

            
        

    
        
            
                
                
                    
                        The functionality of a robot
                    

                    
                    
                        
                    

                    
                

                
                
                    
                According
to the definition provided by the Robot Institute of America, quoted
in the book Robotics
written by King-Sun
Fu in 1989, a robot is: "a
reprogrammable, multifunctional manipulator designed to move
material, parts, tools, or specialised devices through various
programmed motions for the performance of a variety of tasks."
At the time of publication of Fu's book, robots were still limited to
industrial use. However, the definition is still valid today and its
general principles can be applied to modern assistive and personal
robots. 


To
construct a robot, the capacities that it should possess must be
defined: 



	
the
	ability to move by means of legs, wheels or tracks, or the capacity
	to fly or move through water;

	

	
the
	ability to recognise the external environment: the senses of sight,
	hearing and touch;

	

	
the
	ability to manipulate (dexterity) using arms, hands, fingers,
	pincers and instruments that can grasp and manipulate objects;

	

	
the
	ability to mimic. Interacting with the interlocutor, recognising
	gestures and facial expressions and then using gestures and mimicry
	during dialogue;

	

	
the
	ability to communicate with humans. The capacity to communicate verbally with
	humans using appropriate expression and tone of voice; 

	

	
    
      the capacity
	to transmit digital data to other machines or electronic devices
	directly through the net;
    

  

	
the
	ability to reason; artificial intelligence, the capacity for
	learning and self-learning, self-awareness;

	

	
the
	ability to carry out specific tasks autonomously, managed by a
	control programme or managed remotely by an operator;

	

	
the
	ability to react and appropriate behaviour. The capacity to behave
	suitably within an environment populated by objects, machines, human
	beings and animals. Behaviour may concern predetermined, repetitive
	cause and effect situations (an industrial robot on an assembly
	line) or situations that are not determined in advance (a rescue
	robot operating in an environment that cannot be monitored by
	humans).






  Depending
on what the robot is used for, it must either have all of the
abilities described by this list or a subset of them. For example, an
industrial robot dedicated to assembling components does not need to
physically move from its workstation but does need manipulation
capacities. In contrast, a legged military robot needs an exceptional
ability to move at speed over any terrain.


                
                

                
            

            
        

    
        
            
                
                
                    
                        Mechatronics and robots
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