CHAPTER 1

Introduction

For most people the wordobot is associated with the image of
sophisticated machines having an anthropomorplapeskvith functions that
are similar, or even go beyond, those of human .kifis misleading
perception is sustained by a profusion of booksraadies which present the
astounding performances of those imaginary machimesact, the word
robot is derived from the Czech wordbotawhich means “forced labor” or
“slavery”. It has been introduced in 1921 by thee@z play writer Karel
Kapek in his play R.U.RRossum’s Universal Robgts'he story was about
robots built to serve their master that finallyeagp against the humans and
threatened them. Even at the early beginning ofbtrog, the popular
perception of robots was quite negative since thege seen as a threat for
humans. Fortunately some artistic works, such as téxts from Isaac
Asimov, brought the perception of robots to be meeaceful. The
introduction of very strict laws that must be felled by robots brought a
new perception in which those machines were airoéelp and protect their
masters, the human beings. Here are the three rherdal laws of robotics
from Asimov:

* A robot may not injure a human being or, througgction, allow a human
being to come to harm.

» A robot must obey the orders given it by humamgsj except where such
orders would conflict with the first law.

« A robot must protect its own existence as longwsh protection does not
conflict with the first and second laws.

Today, robots that we build and use are still ertly different from the
androids that one can find in science fiction &®riand this is true both for
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their external appearance and for their performsnbéachines having a
superior intelligence as compared to humans thategan futuristic movies
are as unreal as the young and bright guys whal kand program these
machines. In spite of that, successful and impvegsiojects are abundantly
found in the history. Actually, the evolution ofb@tics has been and is still
intimately related to the expansion of computeegabilities.

The study of robotics is a consequence of the estethat we have in
reproducing given aspects of the human machine bwygu various
mechanisms, sensors, actuators and computersu@e;dahis project is very
ambitious and requires that ideas from very difiefeelds are put together.
From a high level of abstraction, robotics can b s five specific fields
that are: mechanisms, movement, control, sensidgadificial intelligence.
Making all those fields to interact and work togeths far from being a
simple task. That is why robotic research and dgmknt is conducted
almost independently within each of these domaMsen robots are placed
in contact with human beings, the aspects of péime@and psychology are
also heavily implied.

In order to begin the study of robotics, we willw@resent a quick
overview of the evolution of this science befor&raducing more formal
definitions from the point of view of engineeringe will also examine the
operation of a robotic system as a sequence of siegh will look at various
applications where robots of different types migatfound. The social and
economical impact of robotics on the society alesetlves to be considered.
Indeed, many people are still opposed to the iategr of industrial robotic
systems. Human beings feel vulnerable in fronhaf potential replacement
tool that is extremely robust and can executelavéth a very high accuracy
and constancy.

History of robotics

Up to the middle of the twentieth century, prograahe automata were
largely used for entertainment. But the developnoérithe technology, the
introduction of the computer, of feedback contoblgear-based transmission
systems and of numerous reliable sensors allowddwelop robotic systems
that were sufficiently flexible and robust to beeds$n industrial applications.
At the beginning, industrial robots were and ari teiday mainly used for
more or less flexible and complex automated tad#gsending on the field of
activity. The rule of the foud (dull, dirty, dangerous and difficult) and of the
four H (hot, heavy, hazardous and humiliating) gives @dgoverview of the
kind of tasks in which robots were intended to beduduring the first part of
their introduction into the industry. Over the tiroier concerns were taken
into account (time, money, safety at work, techggladvancement) and this
resulted in more diversified fields of applicatifmm autonomous systems.
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The cost of labor, especially in the automotiveustdy, stimulated the
development of robot manipulators capable to pedgciexecute repetitive
tasks. Previously these tasks were executed by esorivho were not
capable of always ensuring the same constancyeiguhlity. Some security
problems and the necessity to decontaminate pdlkites after incidents in
nuclear reactors also motivated and accelerateddlielopment of mobile
robots and telemanipulator arms (remote manipuigatibhese robots were
first aimed at very specific needs and applications

In the same context, some robotic systems have teesloped with the
objective to allow humans to reach places in hagskironment. For
example, submarines have been built to inspeclidbeed side of dams or
ship wrecks on the sea bed, e.g. Titanic. Spatial probes have been built
and sent in space to explore other planets. Sonchanesms equipped with
sophisticated control systems have been develapserte as artificial limbs
that provide a better autonomy to amputees. Inllpgraumerous funny
projects took place with goals more oriented towagdtertainment than
usefulness.

Here are some important dates in the history obtiob (adapted from
Spong and Vidyasagat989,McKerrow 1991 andKeramas 1999).

« 1921 Introduction of the wormbbotin a play by Czechoslovakian Karel
Kapek.

* 1946 The first large electronic computer, ENIACbigilt by J. Presper
Eckert and John Mauchly at the University of Pehrayia.

* 1947 Goertz develops the first master-slave teledpe
» 1948 First teleoperator with force feedback.

* 1950 Isaac Asimov publishes his first work “I Rébahich will change
the image of robotics with the introduction of theee fundamental
laws of robotics.

* 1954 George C. Devol designs the first programmeaditbet and calls it
“Universal Automation”. Its first application was VT lamps
handling.

* 1956 Joseph F. Engelberger buys the rights fromoDewnd founds
UNIMATION (a shortened version of “Universal Autotian”)
which will become one of the largest robot builderany years
later.

* 1962 A UNIMATE robot is installed for the first tiemon a production
line at General Motors in Trenton, New Jersey. #6860 pounds
robot manipulator follows step-by-step a sequerfceoommands
previously registered on a magnetic drum. The rabatsed to
move and stack pieces of cast metal

* 1963 Development of the first computer vision sgsfer robotics.
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* 1968
» 1970

* 1971

» 1973

* 1973

* 1975

* 1976

» 1978

* 1978

» 1979

* 1980

» 1982

» 1982

» 1984

* 1990

» 1998

* 1998
» 2000

» 2005

First walking robot (Walking Truck, Generag&Eiric).

Lunokohod 1, a Russian exploration vehiclsitvithe surface of
the moon while being guided from the earth.

The STANFORD manipulator is introduced at 6tard
University.

The first commercially available minicomputentrolled
industrial robot is introduced by Cincinnati Milacr Corporation.
It is called the ¥ (The Tomorrow Tool).

The first computer-type robot programming lzege (WAVE) is
developed at Stanford University. It is followedthye language AL
which will gain in popularity the year after.

Unimation makes its first profits and many pamies start to
commercialize some manipulators designed for imdustasks:
Kawasaki, Asea Brown Boveri, Vicarm.

The first spatial robotic arms used on thenglkprobe in order to
collect samples of Martian soil.

Unimation introduces the PUMA (Programmable iversal
Machine for Assembly) robot on the market. Thisatols based on
the STANFORD manipulator technology.

Parallel robotic architectures are introduced.

Development of the SCARA (Selective Compliakssembly
Robot Arm) type robot at the Yamanashi Universityapan.

A first grabbing system based on a manipulgidstied by means of
machine vision is demonstrated at the UniversitRRlobde Island.

Development of the STANFORD-JPL articulateddyalso known
as the Salisbury hand, introduces the conceptxiedgy.

The first use of the Canadian space telemkatgpuCANADARM
installed on the Columbia spacecratft.

Development of the articulated hand UTAH/MIT.

After a rapid growth, the robotics industryréorganizing itself.
Asea Brown Boveri buys Cincinnati Milacron, Fanuob®tics
buys out its parts in General Motors.

The first Mars exploration mission with the f8ld&Rover mobile
robot.

Honda demonstrates its first humanoid rob®t, P

The Space Station Remote Manipulator Syste@®REES) is
starting to work on the new international spacémta

DARPA Grand Challenge contributes to the enamu of
autonomous ground vehicles.
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* 2010 BP’s oil spill in Gulf of Mexico demonstratesvere limitations in
current underwater robots that solely rely on reammperation by
human operators.

* 2011 A massive destruction in Japan results fror8.& magnitude
earthquake that generates a tsunami. Search arwkresbots are
used, among other things to inspect leaking nucteactors at
Fukushima Daiichi power plant. Again, severe limdas of
robotic technology are observed.

* 2012 Curiosity rover lands on Mars and turns intgre@at success for
space exploration.

Definitions of arobot and of robotics

It is possible to define the worddbot” in many ways given the diversity
of the technologies implied and the various takks tmight be done by these
systems.

Soska proposed in 1985 a basic and very generailiteaf of a robot that
is based on a rather negative point of view of tgnology: “Any device
which replaces human labor.”

The Robotic Industries Association (RIA) proposesiddinition that is
more focused: “An industrial robot is a reprograrbiea multifunctional
manipulator designed to move materials, parts,stoot special devices
through variable programmed motions for the pertoroe of a variety of
tasks.”

The International Standards Organization (ISO) dless an industrial
robot in the following way: “A machine formed byn@echanism, including
several degrees of freedom, often having the appearof one or several
arms ending in a wrist capable of holding a toolwarkpiece, or an
inspection device. In particular, its control umiust use a memorizing
device and it may sometimes use sensing or adaptappliances to take
into account environment and circumstances. Thadépurpose machines
are generally designed to carry out a repetitivetion and can be adapted to
other functions.”

Another very lengthy definition of a robot comesrir the Association
Francaise de Normalisation (AFNOR): “A manipulatoontrolled in
position, reprogrammable, polyvalent, with many réeg of freedom,
capable of handling materials, pieces, tools am@rospecialized devices,
following variables and preprogrammed displaceménmtsrder to execute
various tasks. Often it looks like one or many aending into a wrist. Its
control unit uses, among other things, a memoriziagice and eventually
sensing and adaptation devices which take intowatdbe environment and
the circumstances. These multipurpose machinedesmigned to repeat the
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same function in a cycle while being adaptable tteeo functions without
permanent modifications of the environment.”

One characteristic that appears into these defirstis the limitation on the
type of robots that are considered. Only maniputaswe taken into account.
Mobile systems are completely excluded from the<laf robots, making
many people unsatisfied with these definitions. Arengeneral definition
including the various kinds of technology currerdlyailable can be set as
follows: “A robot is a machine which can be prograed to do a variety of
tasks and having eventually the capability of aidgpitself to the variations
that occur into the environment.” (adapted frbtoKerrow 1991).

The study of robots is calleddbotics’. A first definition of robotics that
is very general and representative of the curredtfature reality would be:
“Robotics is the intelligent connection of perceptito action.” Brady,
1985).

From a more technical and specific viewpoint, radsotan also be defined
as: “Robotics is the discipline which involves {lile design, manufacture,
control and programming of robots; (ii) the useadots to solve problems;
(i) the study of the control processes, sensard algorithms used in
humans, animals and machines; and (iv) the apmitaif these control
processes and algorithms to the design of rob@#cKerrow 1991).

We note in these two definitions the significan¢¢he perception aspect.
In spite of the fact that, at the early times a$ t#tience, the objectives were
rather to build machines that would allow to extémallimited capabilities of
human beings, the reality of robotics has signifigaevolved over the years.
Now, there is a strong interest in building mackinehich have some
intelligence. This leads to the necessity to im@atrperception functions in
the system in order for it to be able to adaph@wdnvironment. This is why
numerous sensors are now integrated in the robtticture. These sensors
ensure simultaneously an internal supervision @& tbbot status while
continuously taking measurements on the environnobaracteristics in
order to adjust the robot’s displacements witlwitgking space. In this way,
robotics research has recently experienced a tranation and is now more
focused towards the development of autonomousrsgsté any types.

From perception to action

Like any other design process, the development oblaotic system
satisfying given constraints must be done steptéy. &irst, the nature of
tasks to perform must be defined. Then this tasle®mposed into a series
of actions to execute. Next the devices requiredxiecute the actions are
selected and integrated into a global system teabines the desired robot.
Performances of this system must then be eval@atedhe design process is
iterated until a good compromise between the tstperformances and the
human impact is reached.
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1.3.2

1.3.3

1.3.4

In opposition to computer systems which are bagidaterested in the
transformation of an information between an inpud an output, robotics is
concerned with the transformation of the real ptsisivorld between an
initial state and a final state. This transformatie obtained by means of
manipulation of real objects.

If we define robotics as an intelligent integratioh components from
perception to action, it becomes possible to decs@mpthe physical
transformations to be executed into a sequencenfler processes. These
processes correspond to the main steps that aicodgdtem has to go
through in order to complete a task: measuremeatisegng, perception,
modeling, planning and action.

Measurements gathering

The robot measures the parameters of the taskfahe objects on which
it will have to act by means of various sensors fdbot must also measure
its own current configuration (position and velgtiin the environment and
with respect to the area in which the objects acated.

Perception

Starting from the measurements that it gatherexlydbot must determine
its own state as well as the state of the envirahmiemust then analyze the
measurements with appropriate algorithms in ordenake an interpretation
of these informations.

Modeling

Once the informations have been analyzed, it isqp@te to group and
integrate the data into a coherent package. A widséd technique to get
this package is to build a model of the environmeend of the robot. This
model offers a virtual representation, that mighatore or less detailed, of
the configuration of all the components that wik limplied into the
transformation process: the robot parts, the objectmanipulate, the objects
to avoid.

Planning

Before the robot can be started, the control systenst analyze the
situation with respect to the goal that is pursaed must set a proceeding
strategy. It will then plan each step of the transfation making sure that
each displacement of the robot is feasible takmg account its mechanical
constraints as well as those imposed by the enwiemt. Under some
circumstances where the operations must be domeviry safe way, it is
usual to first simulate the behavior of the robotl s environment on a
computer. In this way, many problems and dangeustions can be
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detected and avoided if some errors occurred withmeasurements, the
modeling or the planning algorithms.

Action

Once all the steps are properly defined and vadlat the planning phase,
the robot is started and the sequence of displatsms executed under
supervision. As a general rule, in spite of thenpiag and the simulation
previously executed, the robot control system nhestequipped with an
emergency stop device in order to avoid to damhgestivironment and the
robot itself if the task does not execute as welt &vas anticipated.

||
EXAMPLE 1.1

Steps of operation of a robotic system.

With the goal to illustrate the steps that we hjarge defined, let’'s consider
the case of a robot equipped with a gripper thattrgtasp a set of pieces of
various shapes and place them on a table. Pieeearaving in the robot
environment by means of a conveyor as shown irrdigudl.

In this application, the first phase which consisteaking measurements is
split into tree steps. First, a photoelectric semsased to detect the arrival
of a piece on the conveyor thus initiating the gnag process. Second, a
computer vision system using a camera located ablmescene allows to
grab an image of the object on the conveyor. Rindtle robot controller
provides the coordinates of each robot joint.
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FIGURE 1.1 Robotic setup for objects handling.

camera

manipulator

photoelectric "
sensor

conveyor

The second phase consists in interpreting theaailmeasurements, this
is the phase of perception. Starting from the imafehe object on the
conveyor, various characteristic extraction aldgwn$ might be used in order
to recognize the nature of the object and to defsngeometrical shape. This
information will be essential when the gripper vinlive to grasp the object.
Indeed, the way to interact with an object dependis shape. For example,
we do not grasp a cylinder in the same way thagrasp a cube if we want to
make sure that the piece is tightly held. The robost do the same. The best
way to grasp the piece must be found dependingonature. The other
information that is essential to extract from thage is the object’s position
and orientation on the conveyor belt (making theuagption that the
conveyor is temporarily stopped during the graspprgcedure). This
information on thettitude or theposeof the object is also essential to allow
the robot to grasp the piece. Finally, the currefiot configuration is
determined as a function of the measurement takethe joint coordinates
of the manipulator. This way, it is possible to Wwn@here the robot will have
to start from.

Once these informations are known, it is suitablgenerate a model or a
virtual symbolic representation of the situatiorcombining the data on the
object to grasp with the robot configuration. Thiay, all the informations
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will be defined with respect to the same refereiname in spite of the fact
that they have been gathered from different sourbeteed, as we will
discuss later, it is extremely important to brilgthe data into the same
spatial reference frame when one works in robokos.example, we need to
define the exact position of the object with respedhe robot basis and the
position of the gripper with respect to the sameotdasis. We will study
this problem extensively. The use of a single méaieboth the robot and the
environment can significantly help in satisfyingsttundamental condition.

Now that the global model is defined, the task piag module can begin
its work. There are numerous ways to plan a tasken8fic literature is
abundant in this field and provides a large sétright ideas. We will have an
overview of that in a following chapter. But in erdo keep the presentation
of this concept simple, let's make the assumpti@i tve want to bring the
manipulator’s gripper next to the object followititge minimum length path.
The planner must then define a series of smalllatigments that will be
juxtaposed one to each other to determine a compbeth from the gripper’s
initial location and up to the object. This is fivst planning step. The next
step consists in planning the gripper displacerseal that it arrives near the
object with the proper orientation. This will ensuhat the gripper will be
able to grasp the object and ensure a tight holdihg final approach must
also be controlled such that the grasp is smootice@he gripper holds the
piece, the grasp can be validated by means ofaasnsors installed on the
inside surface of the gripper. Finally, a seconsbldicement needs to be
planned to move the object from the conveyor totdlfsde where it has to be
placed. A new sequence of small displacementsas thefined and the
deposit of the object on the table is carefully esuised. The last step
consists of validating the sequence of displacesnémit have just been
defined in order to detect any problem that migtdus during execution. A
software simulation of the robot displacements ural environment is an
excellent way to proceed.

If after all these steps the performance of theotraxecuting the task is
sufficient, the corresponding control sequenceeist $0 the robot control
module and the system is started to execute tke tas

With the help of this example, we realize that tevelopment and the
operation of a robot into an relatively simple istiial task is not that
straightforward. The number of steps to go throaigth the complexity of the
algorithms required in each step bring importanist@ints. And this does
not include the problems related with the mechamieaign of the robot. It is
indeed important, when one needs to design a $peaibotic setup, to
choose the type of robot that will satisfy the riegments with respect to the
precision, velocity, loading capability, cost, eyedic efficiency, noise level,
etc. But also to choose and integrate a completef sensors that will allow
to gather the best possible information alwaysnigknto account the cost,

10
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the precision and the ease of use. Designing a ledenpnd operational
robotic system requires that all aspects are censitiwith much care.

Social issues

As engineers, technical questions might seem tindenost relevant. But
it is also important to consider the social isswesich relate to the
development and the exploitation of robots. Thegihes of a robotic system
is usually able to compare the capabilities ofahmatic system with those
of human operators. In general, the main critealen into account is the
overall performance. Does the robot allow to reashgood or even better
performances as the human operator? But they soensny other criteria to
examine: What is the global cost (installation aperation) of the robot?
Does it correspond to the company politics and Itarg goals? Does the
company have the expertise and the appropriateimes® to maintain this
equipment? What are the risks for the workers wdnelhto stay nearby the
robots? What will happen with the employees whd &l replaced by the
robots, will they be dismissed or will they be releg in other functions?
These are all important questions that an enginegst consider in the
design process of a robotic system.

Unfortunately, the robotics history reveals numsraxkamples where
social aspects have not been taken into accognthe automotive industry.
There has been many situations where the sole guigp of increasing
benefits resulted in massive investments of congsammto the robotic
technology at the expense of experienced workers fwbnd themselves
unemployed. It is then very important for the robeingineer to keep an eye
on this reality and to try to find the equilibriubetween the search for
benefits and workers consideration. Neverthelegsymwst remember how
the introduction of computers first resulted in flost of numerous jobs,
especially in the field of administration. Over tfears, these jobs have been
transformed into operator positions, programmeosnpauter analysts and
network managers. Overall, the balance is possiinee these new jobs have
largely compensated for the lost ones. But thesttimm has been difficult.
Now that robots are entering the market, it mightustified to expect that
similar consequences will result over the next tegades. Blue collar jobs
will progressively be replaced by robot operatorsipons, robot
programmers, robot installators and robot repairmiéns transformation
might not be as dark as we believed at the beginnin

Many situations where robots were used to the lisn&fhuman kind can
be identified. For example, working in hazardousimmments such as
nuclear installations, mines or painting roomsasvrsignificantly reduced.
Some fields, like spatial exploration, experiensaghificant advancement
due to the help of robotic probes and exploratienicles.
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1.5 Applications
In order to complete this introductory chapter, wit enumerate some of
the applications of robotics in various contextsisTwill provide an idea of
the diversity of tasks that these equipments cacwe in spite of a level of
sophistication that is still quite limited.
1.5.1 Automotive industry

The automotive industry has certainly been onehef most important
partners in the development of robotic technolagié® use of spot welding
robots has allowed to diversify the production s§ambly lines that were
previously dedicated to a single car model. Thdityuand the robustness of
the assembly also increased significantly given ghecision that can be
achieved by a robot while welding two metal pieCHsis was not possible
with human operators who quickly became tired stheetools they had to
manipulate were heavy. However, a supplementarfyculty had to be
overcome. In order to successfully weld pieces tmeach other, these
pieces must be precisely positioned. Robots hase tbund another place
into this industry as part handlers. They are &amd in painting rooms
where they are extensively used, preventing hunaamtgrs from inhalating
toxic fumes.

The social impact of this massive integration obats resulted in
significant job shortages in some American and Gemacities. However,
the statistics demonstrate that the number of o&w fhat have been created
as a result of the introduction of these techn@sgs larger than the number
of jobs lost in various industrial sectors. An ditpuium state seems to take
place even though these new sectors of activityireghat the workers gain
experience on tasks, such as robot installatiomgramming and
maintenance, that are very far from what they vaeiag before.

12
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1.5.3

Assembly

Another application having a strong potential fobatic technologies is
the assembly of manufactured products. Indeedassembly of numerous
commercial products requires a significant workérthese workers usually
execute repetitive, boring, demotivating and daogegrtasks. When these
tasks are given to a robot, they can be executddantonstant performance
since the robot never gets tired, bored or demi&d:dt can repeat again and
again the same sequence of movements.

However, the assembly of given products that ameschat complex
brings major problems for a robot. In order to mgether all the parts that
make a device, the robot must first be able togyths right pieces in the
right order. It must also be able to align the pgeone with each others to
perform insertion or screwing operations. Toola@ted at the extremity of
the manipulator robot must also be design to enstable and precise
operations. As a result, specialized robotic talgsign is an important area
of robots development, as we are still very fanfrthe capabilities of the
human hand.

The robot programming must also be done carefullgprder to find the
optimal sequence of operations, this is call seqgugnor ordering. On the
other hand, many sensor technologies recently dpedl now allow to
enhance the adaptation capability of robots byidrog them some means to
examine their environment. This way the problemalbgnment can be at
least partially solved.

Medical laboratories

There is another place where repetitive tasks rbasmade. These are
medical laboratories. Handling a large quantitgaiples and the execution
of analyses can be simplified by the use of rodatieed, automatic systems
can easily fill in test tubes, place them on tlads and can even introduce
them into some measurement apparatus. Small mobite can also take
charge of moving the samples between differentspaft the room or
services, thus eliminating the need for the technito continuously have to
walk. In such a context, the robots significanthntibute to improve the
efficiency of human workers by unloading them ofnual repetitive tasks.
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As mentioned on the cover page, the mapping dfitilean genetic code was
in part made possible, or at least acceleratedugir the use of laboratory
automation.

Medicine

As robots as getting more and more accurate anéemaairgery tends to
be less invasive, robotic systems now start todweldped to assist surgeons
in high precision manipulation of devices. By thdsgs, the development of
biomedical applications for robotics is becomingeay important field of
research of development that is supported a sootdivation to improve
patient cares and by the fact that the technolagy reaches a point where it
can start to be applied to such systems.

Nuclear energy

Nuclear generator installations are places whdaege number of robotic
applications can be found. This industry supportieel development of
robotics systems from its early beginning becadgbeohigh risk associated
with the exploitation of radioactive material. Tgdaobots are mainly used
for maintenance of nuclear reactors and for théaogment of radioactive
fuel tubes.

Unfortunate events where radioactive substances heen spilled, such as
Three Miles Island in Pennsylvania in 1979 and Tieblyl in URSS in
1986, have also contributed to the fast developnuéntelemanipulator
technologies. It was imperative under these cir¢antes to quickly find a
way to seal off radioactive leakages in contamithaenes. Cleaning and
decontaminating these areas without compromisieghtsalth of workers
was also necessary. Some robots have then be ddegstequickly to these
requirements and used to fix the problems. As altiethis technology
experienced a fast growth that was afterwards fieasd to other fields.

14
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1.5.7

Robots have also found some applications in agucel For example, in
Australia a robotic system has been developedHees shearing. Using a
combination of vision and force feedback senstsyobot has the ability to
adapt itself in real-time to the shape of the shieegpite of its movements,
mainly resulting from the animal breathing. Thishieology demonstrated
that less injuries were inflicted to the animalrthizga man was doing the job.
Some trials have also been conducted with roboasitomatize field sowing
and harvesting, as well as fruits gathering.

Space exploration

Spatial probes that have been sent for many yeaggglore and discover
our universe are other examples of robots. Staftmg the Viking | and Il
probes that were sent to explore Mars in 1976, espaloots have combined
flight systems, ground navigation and telemanipofatmechanisms to
explore the surface of other planets and colleotpdas of soil that were
locally analyzed.

The famous Canadian spatial manipulator, Canadarmaunted on
American spaceships and the new space station eemanipulator system
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(SSRMS) that is used to assemble and maintain riterniational space
station are all excellent examples of robotic tetbgies.

Starting from 1998, other successes in the fielanobile robotics have
been the exploratory missions of several Mars mvieicluding Spirit and
Opportunity, that explored the surface of the plameile being teleguided
from the Earth. These robots have provided an dioke amount of new
information about this unknown environment.

Underwater robotics

Submersible robots have been used for many yeapgplore sea beds. For
many important tasks such as rescuing ship-wregedons, retrieving
black boxes of crashed planes or for exploringwtdcks in order to find
their secrets, underwater robots have demonsteatedy strong potential.

Industrial applications of submarines are also bgexl. For example,
Hydro-Québec designed a underwater robot, ROV @ippgd with cameras
to inspect the flooded side of water dams. In th&y, the company can
detect cracks and fix them before they presergkafor the structure without
having to lower the level of water. This contritaite enhance the safety of
people who live next to these large structures. @inpanies also take
advantage of submarines to inspect and maintain digging platforms as
well as for the localization of new resources urttiersea bed.
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1.5.9 Unmanned aerial vehicles

A lot of interest has been recently put in the digwament of autonomous
flying vehicles, known as unmanned aerial vehi¢l#8Vs). These systems
present an obvious interest for military applicaidut also find numerous
civilian purposes, including surveillance of coastsonitoring of forest
surfaces and detection of forest fires, and trarigpon. UAVS tend to mimic
insects behavior to automatically avoid collisioriBheir development
implies the miniaturization of numerous sensorsyaors and navigation
components given the low payload of most of thedgcles.

1.5.10 Service robotics

Various machines have been developed to serve mastoin a semi-
automatic or fully automatic way. One of the mospuplar applications of
robotics in customer services is that of automai@nking that makes
traditional banks significantly reduce the numbgérservices they offer in
person to their customers and thus save on thenatipg costs.

Some more sophisticated machines have also beezloged, like the
Shell SmartPump shown below but have not yet fausgnificant place on
the market because of technical difficulties, arpemsive investment
required or simply because the market in not refadyit. An important
challenge in developing services robots comes ftbe man-machine
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interaction that must be established. Recent piojew/estigate nursing
robots for disabled and elderly people. Introduadiagotics in this kind of
environment is far from being simple and introduespects that go far
beyond engineering, such as psychological and misdizes.

Shell automated gas station Pearl - the Nursebot

1.5.11 Arts and entertainment

As robotics is first known as being a field whesople are “playing” with
sophisticated toys, many original products and qutsj have emerged that
are mainly dedicated for funny applications. Evexgyphas already seen one
of these garbage can-like robots that are suppospdform house cleaning
or play with the kids. Companies, like Sony, sustidllyy entered the market
of “adult kids” who are ready to spend a few huddiellards to buy a funny
toy, such as the dog-robot called AIBO that is sig@gol to provide all the
nice characteristics of a real dog but withoubltsious disadvantages. Other
projects have led to online artistic creations, leshsupporting the
development of remotely controlled robots.

Of course, these products do not have direct imdilistpplications but
their development often results in technologieg thaght later be used on
more practical systems. For this reason, the dpwatnt of entertaining
robotic systems is usually considered as a veritipesgnd innnovative way
of evolution in robotics.

In spite of all the applications developed in tlstp the number of small
problems that appear when a human operator is acegplédy a robot is
astounding. The adaptation capability of humansfas from being
reproduced by automata. Also, in a given automid@aprocess, it is
important not to overestimate the capabilitieshef tobotic system, to select
the technologies that best fit the needs and te &lreme care in the
development of the strategy that the robot willded during the execution of
its tasks.
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1.6 Where are we going from now on?

By definition, robotics is a multidisciplinary sciee. It involves the
collaboration of numerous participants from varidigdds of mechanical
engineering, electrical engineering and computeense but also from
physics, mathematics and psychology as well as speeialists who work
in the fields where the robotic tools are to belangented.

For the purpose of this course, we will not consitie aspects of robotics
that are purely mechanical such as the design bbtrstructures and
actuators which allow the systems to move. We vather focus on the
control of robots by means of computers. In ordedad that in a properly
structured way, we will nevertheless have to examangiven number of
fundamental concepts. These will be required toewstdnd the control
techniques that we will discuss later on, suchhasparameterization of the
robot components with reference frames, or the g&ocal transformations
in position, velocity and acceleration which pravicheans to define the
sequence of robot displacements. We will also emanvarious existing
technologies which concern both the robots and feipheral equipments
that are meant to provide them a given level ofomoimny. Sensors,
perception and measurement techniques used ineshwatl then be studied.
Finally, technical aspects of actuators controlal as task and trajectory
planning will be covered.
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