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Czech play writer: 
Karel Čapek

A science fiction play: 
Rossum’s Universal Robots 
(R.U.R.) in 1920.



Czech play writer: 
Karel Čapek

A science fiction play: 
Rossum’s Universal Robots 
in 1920.

a factory that makes artificial workers 
from synthetic organic matter*Source: Wikipedia

The General Manager of R.U.R., 
telling the history of the factory to Helena….

Three ROBOTs



Czech play writer: 
Karel Čapek

A science fiction play: 
Rossum’s Universal Robots 
in 1920.

a factory that makes artificial workers 
from synthetic organic material

*Rossum had come to the island in 1920 to 

study marine biology. In 1932, Rossum had 

invented a substance like organic matter, 

though with a different chemical composition. 

Rossum’s uncle argued with him about their 

motivations for creating artificial life. While the 

elder wanted to create animals to prove or 

disprove the existence of God, his nephew 

only wanted to become rich. Young Rossum 

finally locked away his uncle in a lab to play 

with the monstrosities he had created and 

created thousands of robots.

*Source: Wikipedia



Czech play writer: 
Karel Čapek A science fiction play: 
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Slavic 
language



Isaac Asimov
Professor in Biochemistry
 and Science fiction writer

• Considered robot as an automation of human 
        appearance, without feelings…
• Its brain is programmed by a human being in such a way 

that it satisfy certain rules of ethical conduct.

1. A robot may not injure a human being or, 
through inaction, allow a human being to come 
to harm. 

2. A robot must obey the orders given by human 
beings, except when such orders would conflict 
with the first law. 

3. A robot must protect its own existence, as long 
as such protection does not conflict with the 
first or second law. 

Consider as specifications for the design of a robot



Isaac Asimov
Professor in Biochemistry
 and Science fiction writer

A first robot 
obeying all 
three ethical 
laws…



For us, Robot is not the way Rossum had thought of !

It is an electro-mechanical complex system, satisfying 
Asimov’s three laws…. 



Types of robots based on its mechanical 
structure:
• Fixed base robot (manipulators)
•Mobile robots
• Flying robots

Fixed base robot 
(manipulators)

Mobile robot Mobile robot Flying robot





In this course we will focus mainly on

Fixed-base robots: Robotic Manipulator



Robot Manipulator
Consists of a sequence of rigid

bodies (links) interconnected by 
means of joints…

End-effector (performs the task)
Links

Joint

Base



• Joints are typically rotary (revolute) or linear (prismatic). 
• A revolute joint creates a relative rotational motion between the two

links 
• A prismatic joint allows a relative translational motion between the 

two links 4 INTRODUCTION

Prismatic

2D

3D

Revolute

Fig. 1.2 Symbolic representation of robot joints.

joint variables, denoted by ✓ for a revolute joint and d for the prismatic joint,
represent the relative displacement between adjacent links. We will make this
precise in Chapter 3.

1.1.2 The Configuration Space

A configuration of a manipulator is a complete specification of the location
of every point on the manipulator. The set of all possible configurations is
called the configuration space. In our case, if we know the values for the
joint variables (i.e., the joint angle for revolute joints, or the joint o↵set for
prismatic joints), then it is straightforward to infer the position of any point
on the manipulator, since the individual links of the manipulator are assumed
to be rigid, and the base of the manipulator is assumed to be fixed. Therefore,
in this text, we will represent a configuration by a set of values for the joint
variables. We will denote this vector of values by q, and say that the robot
is in configuration q when the joint variables take on the values q1 · · · qn, with
qi = ✓i for a revolute joint and qi = d1 for a prismatic joint.

An object is said to have n degrees-of-freedom (DOF) if its configuration
can be minimally specified by n parameters. Thus, the number of DOF is equal
to the dimension of the configuration space. For a robot manipulator, the num-
ber of joints determines the number DOF. A rigid object in three-dimensional
space has six DOF: three for positioning and three for orientation (e.g., roll,
pitch and yaw angles). Therefore, a manipulator should typically possess at
least six independent DOF. With fewer than six DOF the arm cannot reach
every point in its work environment with arbitrary orientation. Certain appli-
cations such as reaching around or behind obstacles may require more than six
DOF. A manipulator having more than six links is referred to as a kinemat-
ically redundant manipulator. The di�culty of controlling a manipulator
increases rapidly with the number of links.



• Robot Manipulators are composed of links connected through 
joints to form a kinematic chain. The kinematic chain could be 
open or closed.
• Open kinematic chain: there is only one sequence of links 

connecting the two ends of the chain
• Closed kinematic chain: a sequence of links forms a loop

Open kinematic chain Closed kinematic chain



• In an open kinematic chain, each prismatic or 
revolute joint provides the structure with a 
single DOF.
• In a closed kinematic chain, the number of 

DOFs is less than the number of joints in view 
of the constraints imposed by the loop. 

Degree of Freedom (DOF)





• Consider the task of arbitrarily 
positioning and orienting an object 
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• Consider the task of arbitrarily 
positioning and orienting an object 

Six DOFs are required: 
3 for position and 3 for orientation

A manipulator should 
have atleast 6-DOFs. 

If less than 6-DOFs then the manipulator cannot reach to every 
point in its work-environment. If it has more than 6-DOFs, 

then it is referred to as kinematically redundant manipulator.



Workspace
• The workspace represents the portion of the environment that a 

manipulator’s end-effector can access. Its shape and volume depend 
on the manipulator structure as well as on the presence of mechanical 
joint limits. 

Workspace

Reachable workspace
(entire set of points reachable
 by the manipulator)

Dexterous workspace 
(set of points that the manipulator 
can reach with an arbitrary 
orientation of the end-effector)

⊂

Subset



Classification of Robotic Manipulators (w.r.t. Geometry 
or kinematic structure)

§ Cartesian,

§ Cylindrical, 

§ Spherical, 

§ SCARA,

§ Anthropomorphic (Articulated or revolute)



Cartesian
• Cartesian geometry is realized by three prismatic joints 

whose axes typically are mutually orthogonal. 4 1 Introduction

mobile robots. In the following, the geometrical features of the two classes are
presented.

1.2.1 Robot Manipulators

The mechanical structure of a robot manipulator consists of a sequence of rigid
bodies (links) interconnected by means of articulations (joints); a manipulator
is characterized by an arm that ensures mobility, a wrist that confers dexterity,
and an end-effector that performs the task required of the robot.

The fundamental structure of a manipulator is the serial or open kinematic
chain. From a topological viewpoint, a kinematic chain is termed open when
there is only one sequence of links connecting the two ends of the chain. Al-
ternatively, a manipulator contains a closed kinematic chain when a sequence
of links forms a loop.

A manipulator’s mobility is ensured by the presence of joints. The artic-
ulation between two consecutive links can be realized by means of either a
prismatic or a revolute joint. In an open kinematic chain, each prismatic or
revolute joint provides the structure with a single degree of freedom (DOF). A
prismatic joint creates a relative translational motion between the two links,
whereas a revolute joint creates a relative rotational motion between the two
links. Revolute joints are usually preferred to prismatic joints in view of their
compactness and reliability. On the other hand, in a closed kinematic chain,
the number of DOFs is less than the number of joints in view of the constraints
imposed by the loop.

The degrees of freedom should be properly distributed along the mechan-
ical structure in order to have a sufficient number to execute a given task.
In the most general case of a task consisting of arbitrarily positioning and
orienting an object in three-dimensional (3D) space, six DOFs are required,
three for positioning a point on the object and three for orienting the object
with respect to a reference coordinate frame. If more DOFs than task vari-
ables are available, the manipulator is said to be redundant from a kinematic
viewpoint.

The workspace represents that portion of the environment the manipula-
tor’s end-effector can access. Its shape and volume depend on the manipulator
structure as well as on the presence of mechanical joint limits.

The task required of the arm is to position the wrist which then is required
to orient the end-effector. The type and sequence of the arm’s DOFs, start-
ing from the base joint, allows a classification of manipulators as Cartesian,
cylindrical , spherical , SCARA, and anthropomorphic.

Cartesian geometry is realized by three prismatic joints whose axes typ-
ically are mutually orthogonal (Fig. 1.2). In view of the simple geometry,
each DOF corresponds to a Cartesian space variable and thus it is natu-
ral to perform straight motions in space. The Cartesian structure offers very
good mechanical stiffness. Wrist positioning accuracy is constant everywhere
in the workspace. This is the volume enclosed by a rectangular parallel-piped

1.2 Robot Mechanical Structure 5

Fig. 1.2. Cartesian manipulator and its workspace

Fig. 1.3. Gantry manipulator

(Fig. 1.2). As opposed to high accuracy, the structure has low dexterity since
all the joints are prismatic. The direction of approach in order to manipu-
late an object is from the side. On the other hand, if it is desired to ap-
proach an object from the top, the Cartesian manipulator can be realized by
a gantry structure as illustrated in Fig. 1.3. Such a structure makes available
a workspace with a large volume and enables the manipulation of objects of
large dimensions and heavy weight. Cartesian manipulators are employed for
material handling and assembly. The motors actuating the joints of a Carte-
sian manipulator are typically electric and occasionally pneumatic.

Cylindrical geometry differs from Cartesian in that the first prismatic joint
is replaced with a revolute joint (Fig. 1.4). If the task is described in cylindri-
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with respect to a reference coordinate frame. If more DOFs than task vari-
ables are available, the manipulator is said to be redundant from a kinematic
viewpoint.

The workspace represents that portion of the environment the manipula-
tor’s end-effector can access. Its shape and volume depend on the manipulator
structure as well as on the presence of mechanical joint limits.

The task required of the arm is to position the wrist which then is required
to orient the end-effector. The type and sequence of the arm’s DOFs, start-
ing from the base joint, allows a classification of manipulators as Cartesian,
cylindrical , spherical , SCARA, and anthropomorphic.

Cartesian geometry is realized by three prismatic joints whose axes typ-
ically are mutually orthogonal (Fig. 1.2). In view of the simple geometry,
each DOF corresponds to a Cartesian space variable and thus it is natu-
ral to perform straight motions in space. The Cartesian structure offers very
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(Fig. 1.2). As opposed to high accuracy, the structure has low dexterity since
all the joints are prismatic. The direction of approach in order to manipu-
late an object is from the side. On the other hand, if it is desired to ap-
proach an object from the top, the Cartesian manipulator can be realized by
a gantry structure as illustrated in Fig. 1.3. Such a structure makes available
a workspace with a large volume and enables the manipulation of objects of
large dimensions and heavy weight. Cartesian manipulators are employed for
material handling and assembly. The motors actuating the joints of a Carte-
sian manipulator are typically electric and occasionally pneumatic.

Cylindrical geometry differs from Cartesian in that the first prismatic joint
is replaced with a revolute joint (Fig. 1.4). If the task is described in cylindri-



Cylindrical 
• The first joint is revolute and produces a rotation about the 

base, while the second and third joints are prismatic.6 1 Introduction

Fig. 1.4. Cylindrical manipulator and its workspace

Fig. 1.5. Spherical manipulator and its workspace

cal coordinates, in this case each DOF also corresponds to a Cartesian space
variable. The cylindrical structure offers good mechanical stiffness. Wrist posi-
tioning accuracy decreases as the horizontal stroke increases. The workspace is
a portion of a hollow cylinder (Fig. 1.4). The horizontal prismatic joint makes
the wrist of a cylindrical manipulator suitable to access horizontal cavities.
Cylindrical manipulators are mainly employed for carrying objects even of
large dimensions; in such a case the use of hydraulic motors is to be preferred
to that of electric motors.

Spherical geometry differs from cylindrical in that the second prismatic
joint is replaced with a revolute joint (Fig. 1.5). Each DOF corresponds to a
Cartesian space variable provided that the task is described in spherical coor-
dinates. Mechanical stiffness is lower than the above two geometries and me-
chanical construction is more complex. Wrist positioning accuracy decreases
as the radial stroke increases. The workspace is a portion of a hollow sphere
(Fig. 1.5); it can also include the supporting base of the manipulator and thus

1.2 Robot Mechanical Structure 7

Fig. 1.6. SCARA manipulator and its workspace

Fig. 1.7. Anthropomorphic manipulator and its workspace

it can allow manipulation of objects on the floor. Spherical manipulators are
mainly employed for machining. Electric motors are typically used to actuate
the joints.

A special geometry is SCARA geometry that can be realized by disposing
two revolute joints and one prismatic joint in such a way that all the axes
of motion are parallel (Fig. 1.6). The acronym SCARA stands for Selective
Compliance Assembly Robot Arm and characterizes the mechanical features
of a structure offering high stiffness to vertical loads and compliance to hori-
zontal loads. As such, the SCARA structure is well-suited to vertical assembly
tasks. The correspondence between the DOFs and Cartesian space variables
is maintained only for the vertical component of a task described in Carte-
sian coordinates. Wrist positioning accuracy decreases as the distance of the
wrist from the first joint axis increases. The typical workspace is illustrated



Spherical

6 1 Introduction

Fig. 1.4. Cylindrical manipulator and its workspace

Fig. 1.5. Spherical manipulator and its workspace

cal coordinates, in this case each DOF also corresponds to a Cartesian space
variable. The cylindrical structure offers good mechanical stiffness. Wrist posi-
tioning accuracy decreases as the horizontal stroke increases. The workspace is
a portion of a hollow cylinder (Fig. 1.4). The horizontal prismatic joint makes
the wrist of a cylindrical manipulator suitable to access horizontal cavities.
Cylindrical manipulators are mainly employed for carrying objects even of
large dimensions; in such a case the use of hydraulic motors is to be preferred
to that of electric motors.

Spherical geometry differs from cylindrical in that the second prismatic
joint is replaced with a revolute joint (Fig. 1.5). Each DOF corresponds to a
Cartesian space variable provided that the task is described in spherical coor-
dinates. Mechanical stiffness is lower than the above two geometries and me-
chanical construction is more complex. Wrist positioning accuracy decreases
as the radial stroke increases. The workspace is a portion of a hollow sphere
(Fig. 1.5); it can also include the supporting base of the manipulator and thus
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Fig. 1.6. SCARA manipulator and its workspace

Fig. 1.7. Anthropomorphic manipulator and its workspace

it can allow manipulation of objects on the floor. Spherical manipulators are
mainly employed for machining. Electric motors are typically used to actuate
the joints.

A special geometry is SCARA geometry that can be realized by disposing
two revolute joints and one prismatic joint in such a way that all the axes
of motion are parallel (Fig. 1.6). The acronym SCARA stands for Selective
Compliance Assembly Robot Arm and characterizes the mechanical features
of a structure offering high stiffness to vertical loads and compliance to hori-
zontal loads. As such, the SCARA structure is well-suited to vertical assembly
tasks. The correspondence between the DOFs and Cartesian space variables
is maintained only for the vertical component of a task described in Carte-
sian coordinates. Wrist positioning accuracy decreases as the distance of the
wrist from the first joint axis increases. The typical workspace is illustrated

• Spherical geometry differs from cylindrical where the second 
prismatic joint is replaced with a revolute joint. 



SCARA (Selective Compliance Assembly Robot Arm)

• It has two revolute joints and one prismatic joint geometrically 
arranged in such a way that all the axes of motion are parallel.
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Fig. 1.5. Spherical manipulator and its workspace

cal coordinates, in this case each DOF also corresponds to a Cartesian space
variable. The cylindrical structure offers good mechanical stiffness. Wrist posi-
tioning accuracy decreases as the horizontal stroke increases. The workspace is
a portion of a hollow cylinder (Fig. 1.4). The horizontal prismatic joint makes
the wrist of a cylindrical manipulator suitable to access horizontal cavities.
Cylindrical manipulators are mainly employed for carrying objects even of
large dimensions; in such a case the use of hydraulic motors is to be preferred
to that of electric motors.

Spherical geometry differs from cylindrical in that the second prismatic
joint is replaced with a revolute joint (Fig. 1.5). Each DOF corresponds to a
Cartesian space variable provided that the task is described in spherical coor-
dinates. Mechanical stiffness is lower than the above two geometries and me-
chanical construction is more complex. Wrist positioning accuracy decreases
as the radial stroke increases. The workspace is a portion of a hollow sphere
(Fig. 1.5); it can also include the supporting base of the manipulator and thus
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it can allow manipulation of objects on the floor. Spherical manipulators are
mainly employed for machining. Electric motors are typically used to actuate
the joints.

A special geometry is SCARA geometry that can be realized by disposing
two revolute joints and one prismatic joint in such a way that all the axes
of motion are parallel (Fig. 1.6). The acronym SCARA stands for Selective
Compliance Assembly Robot Arm and characterizes the mechanical features
of a structure offering high stiffness to vertical loads and compliance to hori-
zontal loads. As such, the SCARA structure is well-suited to vertical assembly
tasks. The correspondence between the DOFs and Cartesian space variables
is maintained only for the vertical component of a task described in Carte-
sian coordinates. Wrist positioning accuracy decreases as the distance of the
wrist from the first joint axis increases. The typical workspace is illustrated



Anthropomorphic (Articulated or revolute)
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Fig. 1.4. Cylindrical manipulator and its workspace

Fig. 1.5. Spherical manipulator and its workspace

cal coordinates, in this case each DOF also corresponds to a Cartesian space
variable. The cylindrical structure offers good mechanical stiffness. Wrist posi-
tioning accuracy decreases as the horizontal stroke increases. The workspace is
a portion of a hollow cylinder (Fig. 1.4). The horizontal prismatic joint makes
the wrist of a cylindrical manipulator suitable to access horizontal cavities.
Cylindrical manipulators are mainly employed for carrying objects even of
large dimensions; in such a case the use of hydraulic motors is to be preferred
to that of electric motors.

Spherical geometry differs from cylindrical in that the second prismatic
joint is replaced with a revolute joint (Fig. 1.5). Each DOF corresponds to a
Cartesian space variable provided that the task is described in spherical coor-
dinates. Mechanical stiffness is lower than the above two geometries and me-
chanical construction is more complex. Wrist positioning accuracy decreases
as the radial stroke increases. The workspace is a portion of a hollow sphere
(Fig. 1.5); it can also include the supporting base of the manipulator and thus
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Fig. 1.6. SCARA manipulator and its workspace

Fig. 1.7. Anthropomorphic manipulator and its workspace

it can allow manipulation of objects on the floor. Spherical manipulators are
mainly employed for machining. Electric motors are typically used to actuate
the joints.

A special geometry is SCARA geometry that can be realized by disposing
two revolute joints and one prismatic joint in such a way that all the axes
of motion are parallel (Fig. 1.6). The acronym SCARA stands for Selective
Compliance Assembly Robot Arm and characterizes the mechanical features
of a structure offering high stiffness to vertical loads and compliance to hori-
zontal loads. As such, the SCARA structure is well-suited to vertical assembly
tasks. The correspondence between the DOFs and Cartesian space variables
is maintained only for the vertical component of a task described in Carte-
sian coordinates. Wrist positioning accuracy decreases as the distance of the
wrist from the first joint axis increases. The typical workspace is illustrated

• Anthropomorphic geometry is realized by three revolute joints; the 
revolute axis of the first joint is orthogonal to the axes of the other two 
which are parallel. 

• The anthropomorphic structure
is the most dexterous one, since all 
the joints are revolute.



Mobile Robots
•Mobile robots has a mobile base which allows the robot to 

move freely in the environment. 

Mobile Robots

Wheeled Legged


