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Preface

I am inside the orbit ofDeimos and completely on my
own. Wish me luck!

Curiosity Mars, tweeting on 5 August 2012 at
8:12 p.m., US Pacific Time (two hours and twenty
minutes before the robotic rover successfully
landed on the red planet).

The year 1961 was notable and moreover, a turning point for one of the
most breath-taking fields of today’s information revolution, robotics. The
amazing pace in the field of robotics and its manifold applications can be
traced back to 1961 and the remarkable sequence of events concerning poli-
tics, military confrontations, scientific research, culture, society, and the
progress of technology. To put things in context, on 12 April 1961, Yuri
Gagarin became the first man in space, soon followed by US Navy Commander
Alan Shepard on 5 May. In between, about 1300 Cuban exiles armed with
US weapons, and sponsored by the CIA, landed at the Bay of Pigs on 17
April, unsuccessfully attempting to overthrow Fidel Castro’s regime. Four
months later, on 17 August, East Germany (DDR) started to erect the Berlin
Wall. A few weeks later, at 11:32 a.m. on 30 October, the USSR detonated
the Tsar Bomb, causing the largest man-made explosion in history, namely
a 50-megaton hydrogen bomb over the Novaya Zemlya archipelago. Luckily,
in this hottest of years during the cold war, technology and science also
advanced for more peaceful purposes: Squibb produced the first electric
toothbrush, movies were shown for the first time on TWA flights, IBM pre-
sented its Selectric typewriter, and Jack Lippes developed the contraceptive
intrauterine device. While some glorious movies, such as West Side Story,
Breakfast at Tiffany’s and La Dolce Vita, were released, a number of unfor-
gettable songs like “Stand by Me,” or “Hit the Road Jack,” made the charts.
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In addition to the publication of such famous books as Tropic of Cancer
and The Winter of Our Discontent, 1961 is also the year when some famous
baby boomers were born, such as President Barrack Obama, the jurist Larry
Lessig, Princess Diana, George Clooney, Eddie Murphy and, yes, the
Fantastic Four: Mister Fantastic, the Invisible Woman, the Human Torch and
the monstrous Thing. For that matter, the author of this book was also bom
in 1961, just in time to enjoy the first disposable diapers, i.e., Pampers.

Besides FM stereos, the new Coca Cola rival of 7 Up, Sprite, and Johnson
& Johnson’s Tylenol, we should not miss another novelty brought on in
1961. Forty-one years after the word “robot” became popular with Karel
Capek’s play Rossum’ Universal Robots (1920), and almost 20 years after
Isaac Asimov coined the term “robotics” in his novel Runaround (1942),
robots were employed in the industry sector for the first time. Contrarily to
Capek’s humanoids and Asimov’s artificial agents, these machines were nei-
ther robot soldiers nor spacewalkers. Rather, the first industry robot was
tested within the automobile sector, drawing on the projects of George
Devol and Joseph Engelberger, which culminated in the UNIMATE robot
performing spot welding and extracting die-castings in a General Motors
factory in New Jersey. Soon after, the idea was not only to manufacture
machines (e.g., cars) through further machines (e.g., robots). The plan was
to build fully autonomous cars, later dubbed as unmanned ground vehicles,
or “UGVs,” according to several different projects pursued in the USA,
Japan, Germany and lItaly.

Yet, it was only 20 years later, in the early 1980s, that the use of robotics
within the car industry became critical. Japanese industry first began to
implement this technology on a large scale in their factories, acquiring stra-
tegic competitiveness by decreasing costs and increasing the quality of their
products. As this was the time of my first lengthy stay in Silicon Valley, |
vividly recall the sense of shock instilled by the first wave of Japanese auto-
mobiles overwhelming Detroit cars on the Californian speedways in summer
1982. Western car producers learned a hard lesson and followed Japanese
thinking, installing robots in their factories a few years later. This massive
trend went on for two decades: remarkably, in the Editorial to the World
2005 Robotics Report of the Economic Commission for Europe and the
International Federation of Robotics, Ake Madesater raised the risk that the
robot industry was too focused and dependent on the automotive industry:
“The industrial robot industry has become too dominated by car manufactur-
ers and its sub-suppliers. In the period 1997-2003, the automotive industry in
Spain received 70 % of all new robot installations. In France, the United
Kingdom and Germany the corresponding figure amounted to 68 %, 64 %
and 57 %, respectively” (UN 2005: ix).
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In the same years as covered by the UN World report, however, things
began to rapidly change: the two decade dependence of robotics on the auto-
mobile industry dramatically opened up to diversification, a revolution as
phrased by scholars. This occurred with water-surface and underwater
unmanned vehicles, or “UUVs,” used for remote exploration work and the
repairs of pipelines, oil rigs and so on, developing at an amazing pace since
the mid-1990s. A decade later, unmanned aerial vehicles (“UAVS”), or sys-
tems (“UAS”), upset the military field. As the U.S. Army Unmanned Aircraft
Systems Roadmap 2010-2035 illustrates, their quantitative and qualitative
indices are impressive. From 2003 to 2008, UAV flights increased by
2,300 % and the number of UAVs, which was less than 50 before 2001, was
over 3,000 in 2006, over 7,000 in 2010, and well over 12,000 at the time of
this writing. The impact of UAVs on the laws of war has given rise to UN
special rapporteurs and scholars alike proposing stricter regulations for their
use. Whereas “the difference between science fiction and science is timing,”
in the phrasing of the Colonel Christopher B. Carlile, Director of the UAS
Center of Excellence in Fort Rucker, Alabama, it is no surprise then that the
Sci-Fi menace of Capek’s robot soldiers in R.U.R. has turned out to be real.

After the UUV and UAV revolutions with their normative challenges,
e.g., swarms of tiny drones that plan the missions they are going to execute
by themselves, further candidates for the next robotic revolution are a new
generation of UGVs, that is, smart cars driving themselves on the highways
in fully autonomous, or semi-autonomous, ways. A number of states,
organizations and private companies have seriously pursued this project
over the past years. Contemplate the Grand Challenge competitions
organized by the US Defence Advanced Research Projects Agency
(“DARPA?”) since the late 1990s. Among the participants of such challenges,
suffice itto mention the vehicles sponsored by Carnegie Mellon with General
Motors, Stanford with Volkswagen, and Google’s driverless cars. After the
Eureka Prometheus Project (1987-1995), the European Commission has
similarly promoted the “Intelligent Car Initiative” in 2010, in order to
drastically reduce traffic jams and car accidents, while improving energy
efficiency and polluting less. Certain terrifying figures can make us fully
appreciate that which is at stake with the next UGV revolution: road transport
accounts for more than one-quarter of the EU’s total energy consumption,
costs of traffic jams amount to approximately 0.5 % of EU GDP, car
congestions impact 10 % of the European major road networks, in which
there are around 1.3 million mishaps and 41,000 people who die in car
accidents every year.

The panoply of robotic applications available suggests further candidates
for the next robotic revolution. Reflect on the set of applications for personal
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and domestic service: we already have a number of robot toys and robot nan-
nies that are programmed to provide love and take care of children and the
elderly. In the academic field, think of a new generation of artificial assistants
for university teachers, as a sort of i-Jeeves that could help us schedule con-
ferences, lectures and meetings. By checking the availability and convenience
of logistics in accordance with a number of parameters like budget, time
efficiency, or weather average conditions, the robot could report its findings
back for a decision or, even, determine the steps of the academic tour by
directly accepting invitations, booking hotel rooms, flights and so forth.
Moreover, we should take into account the class of robotic scientists that may
independently discover new knowledge without the need for human interven-
tion, as occurred with “Adam” at Aberystwyth University and the University
of Cambridge in 2009, when researchers confirmed that such a robot discov-
ered new evidence about the genomics of the baker’s yeast Sacchciromyces
cerevisiae. Likewise, consider NASA’s mars rover robots and the Science
Laboratory flight team: the one-ton, $ 2.5 billion machine became especially
popular on 5 August 2012 when the robot, Curiosity, using a supersonic para-
chute and a first-of-its-kind “sky crane,” successfully landed on the red planet
to discover more about the martial environment and reach places scientists
deem as interesting for further study.

Another amazing class of robotic applications concerns hybrids of
natural and artificial systems, much as machines that mimic animals and
their behaviour. Although nature has required billions of years to refine its
own design, so that many of the ideas on animal-like robotic behaviour often
outpace the capacities of today’s technology, several interesting projects are
on their way: robots that exploit the design choices of multi-objective ant
colonies or of brood comb constructions by the stingless bees, up to the
development of unmanned micro-drones that fly like an albatross. Whilst
hybrids of natural and artificial systems include such applications as nanoro-
bots controlled by muscle cells, or neuroprostheses translating the thought
of quadriplegics, the troubles with the computing power of robots have
increasingly been addressed by connecting them to a networked repository on
the internet, allowing robots to share the information required for object rec-
ognition, navigation and task completion in the real world. As part of the
Cognitive Systems and Robotic Initiative from the European Union seventh
framework programme (FP7/2007-2013), this is the aim of the RoboEarth
project as a world wide web for robots, that is, a network and database
repository where machines can share information and learn from each other
about their behaviour and their environment. Avoiding the shortcomings of
traditional approaches, such as on-board computers for robots, the goal is to
complete a sort of cloud robotics infrastructure with all that is needed to
close the loop from robots to RoboEarth to robots.
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In addition to further examples, e.g., Al soccer players, what this panoply
of robotic applications makes clear is a paramount aspect of the current
information revolution, namely the astonishing exponential pace of innova-
tion and technological progress after two decades of a too dependent car
industry sector. This acceleration is usually illustrated, or even summed up,
with the “Moore’s law,” i.e., the 1965 self-fulfilling prophecy that the com-
puting power of chips would have doubled every 18 months. In addition to
the economical, political, and cultural conditions that may favour the use of
a certain technology, the almost five decades-long rates of doubling amounts
of computation have not only made feasible what simply was impossible
few years before, but have opened up new horizons of further technological
development. To clarify this point, let me recall a family story that involves
one of the most spectacular flops of Apple’s history, that is, the 1992 per-
sonal digital assistant Newton. This sort of proto i-Pad with touch-screen
and pen-stylus included some applications, as “names,” “dates,” and “notes,”
much as simple tools as time zone maps, currency converter, and calculator,
that allowed users to gather, manage, and share their information. Contrary
to the i-Pad, however, the reason why, at least for my sister and her col-
leagues, Newton turned out to be a failure mostly depended on the fact that
such Apple devices simply arrived 15 years too early and, frankly, were too
expensive. Returning to the field of robotics, and by further considering a
number of factors such as public research and development (R&D) support,
interagency transfers, and growing access to powerful and cheaper software
and hardware, we can thus understand a simple truth: whereas each of the
initial leaps in the realm of robotics required a 20-year interval, nowadays it
seems that almost every year brings about some sort of robotic revolution.
From Asimov’s Runaround to the current Mars rover machines, a 70-year
old story of robotics can be summarized as a classic symphony in four
movements.

First, adagio ma non troppo: industrial robots were introduced in the
manufacturing sector in 1961, that is, almost 20 years after Asimov’s first
novel on robotics. Second, andante con brio: the use of robots within the car
industry became critical in the early 1980s, that is, 20 years after the intro-
duction of the first industrial robot in the automobile field. Third, ostinato:
in the early 2000s, certain individuals still had the impression that robotics
was too dependent on the automobile industry. Fourth, much as at the end of
Beethoven’s ninth symphony, prestissimo, maestoso, molto prestissimo:
both the quantity and quality of robotics applications have somehow spi-
ralled out of control in the past decade, so much so that the exponential
curve of advancement in the field of robotics has given rise to certain exag-
gerations. In light of the new generation of driverless cars, UAVs and UUVs,
robotic scientists, hybrids of natural and artificial systems, and so forth,
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advocates of the techno-deterministic stance argue that the current informa-
tion revolution inexorably shapes the destiny of human beings and their
societies, so that intelligent machines will succeed humans and we, as a spe-
cies, could face extinction. Greater than human intelligence, in other words,
will emerge through nanobots, artificial intelligence and robotics, as the
main contributing factors to this singular event.

However, we do not have to perceive the advancement of robotics as
inexorable as the revolutionary movement of the planets, to acknowledge
that a number of robotic applications transform and reshape individual and
social environments through a new set of constraints and opportunities. The
panoply of such robotic applications entails nevertheless a high degree of
specialization, suggesting that we should avoid any sort of broad-brush
stroke illustration of the topic. Robotics traditionally draws on such disci-
plines as engineering and cybernetics, artificial intelligence and computer
science, physics and electronics, biology and neuroscience, down to the
fields of humanities: politics, ethics, economics, law, etc. The extraordinary
variety of robotic applications, on one hand, cautions us against generaliza-
tions that would inescapably fall short in determining, say, the normative
challenges of the field. Whereas, for example, it is likely that drones and
other types of autonomous (lethal) weapons mainly affect such fields as
international humanitarian and criminal law, other applications, such as da
Vinci robot-surgeons, mostly raise matters of contractual obligations and
strict liability rules.

On the other hand, the multi-disciplinary nature of robotics suggests that an
all-encompassing view of the field far exceeds the capacities of a single
scholar. When Massimo Durante and myself were planning a book on legal
informatics and the normative challenges of technology in 2011, we finally
decided to seek the expertise of several different contributors, who ended up
to be more than 20, so as to provide for an adequate portrayal of the subject
matter. Although | have been working on different legal topics within robotics
in the past years, examining the normative challenges of such fields as the
laws of war, contracts, privacy, and tortuous liability, is it wise that | now pres-
ent my own book on the laws of robots? How could a single author deal with
such different magnitudes of complexity, as robotics technology and the law?

There are three reasons why | believe the task is possible. First, a rela-
tively strong consensus on how legal systems should govern the design, pro-
duction and use of robots, through a complex network of concepts, such as
agency, accountability, liability, burdens of proofs, responsibility, clauses of
immunity, or unjust damages, still exists. In addition, jurists often claim that
robotics neither creates nor modifies concepts, principles, and basic rules of
the legal field, in accordance with the traditional outlook on law and robotics
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that may be coined here as the no new issues-thesis. In light of this popular
viewpoint, one of the primary aims of this book is to test the conventional
approach to the field, introducing a complex set of concepts, principles, and
ways of legal reasoning pertaining to the laws of robots, in connection with
Herbert H. Hart’s distinction between plain and hard legal cases. As to the
fonner set of legal issues, scholars deal with a complex web of concepts and
notions in legal reasoning that yet leave no doubts as to how to apply norms
and rules to a certain state of affairs, e.g., cases of responsibility for the
robotic behaviour pursuant to the liability model in accomplice cases of
criminal law. As to the hard cases of the law, the disagreement among law-
yers may regard the meaning of the terms framing the legal question, the
ways such terms are related to each other in legal reasoning, or the role of
the principles that are at stake in the case. Paradoxically, the fact that a strong
consensus still exists in the field of the laws of robots becomes clearer when
the behaviour of robots falls within the loopholes of the system, provoking
a new generation of hard cases, or necessitating the intervention of lawmak-
ers at both national and international levels. As a result, this book does not
intend to offer an all-embracing depiction of today’s state of the legal art
and, indeed, some relevant fields such as administrative law, or crucial
issues, such as data protection, are set aside. Rather, this book focuses on
three legal fields, namely criminal law, contracts, and torts, so as to ascertain
whether certain robotic applications, such as autonomous lethal weapons or
certain types of robo-traders, truly challenge basic pillars of today’s legal
systems.

Second, by strictly dwelling on the legal side of robotics, instead of the
physical, biological, logical, or engineering laws of the discipline, this book
aims to prevent some recurring stalemates on definitional issues. Remarkably,
scholars still discuss whether the behaviour of robots should properly be con-
sidered as “autonomous” and, moreover, what a robot ultimately is, namely a
reprogrammable machine operating in a semi- or fully autonomous way,
according to the UN World 2005 Robotics Report or, rather, a machine that
can make appropriate decisions by perceiving something complex, as advo-
cates of the “sense-think-act” paradigm propose. Such different approaches
reverberate on further definitional issues as, for example, the distinction
between robots and other artificial agents on the internet. Hence, in order to
tackle the complexity of the field, the approach of this book is typically legal,
that is pragmatic. What is at stake does not only concern the engineering
meaning of such notions, as the autonomy and self-knowledge of robots, in
accordance with the ways in which these machines may either interact out
there with humans, and other robots, through their on-board computers, or
function as robot.txt files on the web, or somewhere in between online and
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offline words. Rather, these notions and differences are instrumental in order
to understand how these machines can affect current legal systems, much as
they do, pace the no new issues-thesis, with crimes of negligence intertwined
with matters of causation, or new kinds of responsibility for the behaviour of
others in the tort law field. On this basis, the aim is to determine whether one
right answer is legally at hand, whether legal systems are open to alternative
solutions, or political decisions need to be taken. A typical illustration is
given by the distinction between autonomous and semi-autonomous weap-
ons in the field of military robotics, and today’s debate on whether lethal
force should ever be permitted to be fully automated.

Third, | concede that the time in which the intricacies of robotics technol-
ogy and its impact on legal systems used to fall within the reach of a single
scholar is close to an end. To date, jurists have mostly tackled the novelty of
the cases induced by robotics technology with the traditional tools of herme-
neutics, that is, through an extensive interpretation of the texts, through the
use of analogy, the principles of the system, and so forth. In criminal law, for
instance, the traditional legal viewpoint conceives robots either as danger-
ous animals or their use as an ultra-hazardous activity, so that strict liability
rules apply to all the circumstances. In the field of contracts, rights and obli-
gations established by artificial agents are generally interpreted through the
traditional legal viewpoint of the robots-as-tools approach, so that strict lia-
bility rules govern the behaviour of these machines, binding those humans
on whose behalf they act, regardless of whether such conduct was planned
or envisaged. In tort law, strict liability rules in the field of robotics are most
of the time understood by analogy with a party’s responsibility for the
behaviour of animals, children, or even employees. Yet, the more robotics
advances and becomes more sophisticated, the more likely it is that such
machines will need a legal regime of their own. Among the solutions pro-
posed in this book, contemplate new forms of accountability for the behav-
iour of robots in the field of contracts, which mean that, under certain
circumstances, only robots would be held liable for damages caused by
them. Likewise, consider new forms of responsibility for the behaviour of
others, e.g., robots in the field of torts, so that clauses of negligence-based
responsibility could replace some of today’s strict liability rules in cases
where third parties are the least-cost avoider of the risk. At the end of the
day, the aim of this work is not only to pinpoint those principles, norms, and
concepts of today’s legal systems which are under stress: the purpose is also
to take sides before the hard cases of the law as induced by a novel genera-
tion of robotic applications. All in all, I think that some types of robots
should not be considered as simple tools of human interaction but, rather,
proper agents in the legal field.
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However, the more robots require a legislation of their own, the more a
new team of experts in robotic crimes, pacts and contracts, administrative pro-
cedures, copyright and privacy issues, laws of war, torts, and so on, will
supersede the efforts of the single scholar. The process of specialization that
has occurred within such fields as IT law, or legal informatics, throughout the
2000s, will likely resurface in the field of legal robotics in a few years.
Retrospectively, this work is placed at a turning point of the contemporary
legal systems, that is, so to speak, between a “not yet” and an “any longer.”
Not yet, because a number of challenges brought on by robotic technology
and its manifold applications are still open to alternative solutions in the legal
domain; any longer, because traditional legal outlooks increasingly fall short
in coping with the novelty of such challenges. Let us grasp why we are facing
such an in-between state of art in the laws of robots, throughout the chapters
of this volume.

Torino, Italy Ugo Pagallo
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