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Preface

Mobile Intelligent Autonomous System (MIAS) is a fast-emerging and developing research area.
Although it can be regarded as a general R&D area, in the literature it is mainly directed towards
robotics, field or other type of robots. However, for the purpose of the present volume the MIAS
should not be and is not only considered to mean the field of robotics. The MIAS here is meant to
comprise theory and practice of several closely related technologies that have some elements of
mobility, intelligence and/or autonomy operating and envisaged not only for robots, but also for
other mobile vehicles: (i) micro-mini air vehicles (MAVs) and (ii) unmanned aerial vehicles (UAVS).
Several important subareas within MIAS research and development are: (a) perception and reason-
ing, (b) mobility, autonomy and navigation, (c) haptics and teleoperation, (d) image fusion/computer
vision, (¢) mathematical modelling of robots and their manipulators, (f) hardware/software archi-
tectures for planning and behaviour learning leading to robotic sophisticated architectures, (g)
vehicle-robot path and motion planning and control and (h) human—-machine interfaces for inter-
action between humans and robots and other vehicles. The application of artificial neural networks
(ANNSs), fuzzy logic/systems (FLS), probabilistic and approximate reasoning (PAR), static and
dynamic Bayesian networks (SDBN) and genetic algorithms (GA) to many of the above-mentioned
problems is gaining impetus. Multi-sensor data fusion (MSDF) also plays a very crucial role at many
levels of the data fusion process: (i) kinematic fusion (position, bearing only tracking), (ii) image
fusion and tracking (for scene recognition), (iii) information fusion (for building world models) and
(iv) decision fusion (for tracking and control actions). MIAS area as a technology is very useful for
automation of complex tasks, surveillance in hazardous and hostile environment, human assistance in
very difficult manual works, medical and field robotics, hospital reception systems, auto-diagnostic
systems and many other related civil and military systems including mining robotics. Many other
significant research areas for MIAS consist of sensor and actuator modelling, sensor failure detec-
tion, management and reconfiguration, object-scene understanding, knowledge acquisition and rep-
resentation, and learning and decision making. Examples of dynamic systems generally considered
within the MIAS are: (a) autonomous systems [unmanned ground vehicles (UGVs), unmanned
aerial vehicles (UAVs), micro and mini air vehicles (MAVs), autonomous underwater vehicles
(UWVs)], (b) mobile and fixed but autonomous robotic systems, (c) dexterous manipulator robots,
(d) mining robots, (e) surveillance systems and (f) networked and multi-robot systems.

This volume on MIAS deals with many of the above aspects and applications (not necessarily
all) across 35 contributed chapters. Many chapters deal with the topics that span new research and
development of very recent past—Ilast 3—4 years. There are some good books on various aspects of
robotics; however, the treatment of such aspects as outlined above is somewhat limited or highly
specialized (sometimes it is too general). The treatment in this volume is comprehensive and covers
several related disciplines which would help in understating the robotics and MIAS from system-
theoretic as well as practical point-of-view. On the whole the editors feel that there is a fair repre-
sentation of various aspects and current issues related to the MIAS in the sense of the term
clarified in the beginning. The main idea is that several of the disciplines considered and dis-
cussed in this book would be needed to build a good autonomous and/or intelligent mobile system;
however, the mechanical and structural aspects of the vehicles are not addressed in this book.
Where possible, the authors of some of the chapters illustrate certain concepts and theories with
examples via numerical simulations coded in MATLAB®. At the outset it is clearly stated here that
neither the editors (of this book) nor the authors (of various chapters in the volume) claim that the
mathematical expressions, equations and/or formulae presented in the book are derived from first
principles. For such derivations the readers may refer the respective cited references in the concerned
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chapters. Also itis not claimed that all the chapters discuss all the aspects of mobility, autonomy and
intelligence. None the same the volume as a whole discusses various conceptual foundations, MIAS
and robotics systems, and allied technologies to MIAS and robotics. The end users of this integrated
technology of MIAS/robotics (theory and practice) will be systems-control-educational institutions,
several R&D laboratories, mechanics-aerospace and other industries, transportation and automation
industry, medical- and mining-robotics development institutions and related industries.

MATLAB® is the trademark of The MathWorks, Inc. For product information, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508-647-7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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Introduction

Jitendra R. Raol and Ajith K. Gopal

Over the last two decades, there has been considerable advancement of various technologies appli-
cable to mobile vehicles, in general, and robots, in particular. Since it would be a formidable task to
keep track of this technological progress, only a small and humble attempt has been made to present
in this volume on MIAS, descriptions of some of the most important aspects of robotics and some
recent progress not only in the field of robotics but also in the field of other types of mobile vehicles.

At the outset, a robot as a vehicle (either static or dynamic depending upon the intended purpose
of its use) is defined variously by various people and/or groups [1] as: (i) ‘an automatically con-
trolled, reprogrammable, multi-purpose, manipulator programmable in three or more axes, which
may be either fixed in place or mobile for use in industrial automation applications’ (by the
International Organization for Standardization [ISO 8373] and International Federation of Robotics
[TFR]) and (ii) ‘a reprogrammable multi-functional manipulator designed to move materials, parts,
tools, or specialized devices through variable programmed motions for the performance of a variety
of tasks’ (by Robotics Institute of America [RIA]). However, Joseph Engelberger, the inventor of the
first industrial robot in history says, ‘I can’t define a robot, but I know one when I see one’. An intel-
ligent robot can be considered as machine or system that has an ability to extract information that it
requires from its own environment and then use this information to plan its paths and trajectory so
that it can move in its surroundings avoiding the obstacles in a purposeful manner. It can also be
visualized as a system that autonomously senses it own environment and then acts in that surround-
ing. The so-called smart sensors also have similar abilities. Autonomous robot/vehicle will have an
ability to make its own decisions and then take necessary action to execute a given task. This
autonomy gives a robot the ability to sense its own situation and then act on it so that any task is
executed with minimal or no intervention from any human operator. The full autonomy is in an
autonomous robot/vehicles and a partial autonomy is in, say, teleoperated robots.

From the above definitions of a robot, the important aspects that emerge are handling or dealing
with: (i) manipulator, (ii) several axes system, (iii) industrial automation, (iv) programmed motions,
or un-programmed but behavioural motions and (v) autonomy. The manipulator implies that a robot
is used as an extension of a human arm to carry out difficult manual or hazardous tasks. This
extended arm would be stronger and longer (or even shorter) than the normal human arm, flexibility
not being ruled out. The arm would move relative to the body of the robot where it is attached. The
manipulator should be controllable and this will add to the number of degrees of freedom (DoF)
beyond the basic coordinates of the robot movements (6DoF). Thus, the DoF in case of a robot
might be more than six. An industrial robot is supposed to help in mundane industrial tasks of
movement of objects, lifting of tiny or big mechanical parts, and handling assembly line works. It is
most likely that many or most robots would be controlled or guided and navigated by some pro-
grammed commands (for initiating and continuing the motions), these being done remotely (by
teleoperation) or from the onboard computers of the robots. Many of these activities are also com-
mon for other mobile vehicles, like mini-micro-air vehicles (MAVs), and to some extent to the
unmanned aerial vehicles (UAVs) and/or underwater autonomous vehicles (UWAVs). Many
unmanned ground vehicles (UGVs) also would have similar or some advanced features of pro-
grammed actions and resultant motions. So, from an immediate perspective and in a nutshell a robot
is a mechanical device that performs various tasks. It could be controlled by a human being or is an
autonomous mobile machine. However, since a robot is called upon to perform variety of tasks it
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would be equipped with sensors (cameras, acoustic devices, IR sensors), will have onboard comput-
ers on/in its body, and will have wires and cables (electrical or otherwise) connecting various sub-
systems. Hence, a robot can be visualized as a composite system that would mostly be a mechatronic
system rather than only a mechanical system. Thus, a robot has basically a mechanical system, an
electrical power supply (battery cells-) system, (vision, acoustic, EM-) sensors, actuators, onboard
computers (or micro-processor-controller systems), data processing (algorithms) systems and con-
trol systems to command, guide and carry out movements of the mobile vehicle. Hence, such a
system is an electro-mechanical (or even electro-hydraulic/pneumatic) system. The mechanical sys-
tem of a general robot would comprise of the chassis, motors and wheels, the latter for the wheeled
robots. The wheeled robot might have a drive of the type of a car, skid steer, differential drive, syn-
chronous or pivot drive. Most robotic systems are powered by a set of batteries. The robots actuators
convert electrical energy to mechanical energy/work which might be either rotational/angular
(obtained by using electrical motors) or linear motion (obtained by using electromagnetic devices).
These motors could be of various types: (a) AC (alternating current), (b) DC (direct current), (c) step-
per motors and (d) servo motors; the latter are DC motors with some feedback capability and error
compensation. In most robotic systems DC, stepper or servo motors are used.

We can visualize from the foregoing that the field of robotics, in a broader sense, encompasses
the following disciplines: (i) sense, (ii) think and (iii) act. These three processes are equally appli-
cable to other autonomous mobile vehicles. For example, a micro-air vehicle can be considered as a
micro-air robot carrying out a specified task of monitoring an area for security reasons. The sensing
involves measuring devices, and processing of the measured data; these data could be in the form
of images and/or kinematic (position, etc.). These data are filtered using Kalman filters or even some
advanced filtering techniques: derivative-free Kalman filter, particle filter or information filter. For
real-time/online data processing one needs to resort to some simpler, computationally efficient and
numerically stable filtering approaches. Some sensors would have in-built data processing units/
facilities, the smart sensors. Examples of sensors are LIDAR (light detection and ranging), GPS
(global positioning system), IMU (inertial measurement unit), Sonar (sound navigation and rang-
ing), IR (Infra Red) camera and so on. These sensors give information of the obstacles in the path
of the robot and/or the landmark locations, in addition to the robot’s own locations. Some combina-
tion of these measured data would be utilized to obtain more accurate information about the sensed
object, obstacles or environment. This calls for the study and use of multi-sensor data fusion (MSDF)
and associated methods [2]. The images of the tracked objects and landmarks are required to be
processed in image/vision processing algorithms (and image fusion algorithms) and used for further
decision making. The tracking of the images might also be required. The MSDF can be accom-
plished at the sensor level/data level or at the data processing level in filtering algorithms. To handle
complex and sophisticated tasks and movements we need to have smart sensors, specialized sensors
with low-power consumptions and even low-cost sensors. The smart sensors perform certain data
pre-processing tasks that are anyway routinely required before carrying out further data fusion
operations and processing. A robot exists in its own perceptual space, despite the fact that its own
‘perception’ capability might be limited compared to that of the human. Thus, the robot’s state
space is both: its internal state and its external state. The robot’s state of perception can be enhanced
using some elements of artificial intelligence (AI).

In terms of robot path planning (the task that can be divided amongst the ‘sense’ part and the
‘think” part, because often the path planning is very intimately based on the sensed environment)
and data filtering we need to move from classical and conventional algorithms to the ones based on
soft computing and ones that combine features of the classical (and hence proven) and the new algo-
rithms to derive benefits from both methodologies. The robot needs to ‘think” to decide on what
actions to take by itself for its further motion to carry out a specified task. This capability is divided
into five sub-category tasks: (a) path-motion/trajectory planning, (b) autonomy (either ‘thinking’ is
pre-wired or being done online in real time while executing the task), (¢) kinematics/dynamics,
(d) perception (‘intelligent sensing’) and (e) localization (could include mapping also). For a robot to
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move from its initial location to its goal point it needs to know what path to follow and how to follow
the chosen path. Much of the assigned tasks need to be carried out by the robot automatically. The
knowledge of the robot’s kinematics as well as the robot’s motion model (mathematical modelling)
is very important for successful robotic actions. These mathematical models are also needed to
carry out simulation of robot’s behaviour and its intended operations. This simulation helps designer
in optimizing the robotic sub-systems (sensor and control management) to achieve a desired goal
with certain specifications/accuracy and so on. That an autonomous mobile system needs to be
equipped with ‘perception’ is very important for accurate path/motion planning, simultaneous local-
ization and mapping, and accurate and logical decision making. The major difference in a human
system (human being) and a robot is the lack of perception capability in a robot/mobile vehicle.
Perception is built up by sensing and interpreting the environment, understanding the importance of
the task to be carried out, learning from previous experience, and adapting to the new situations,
hitherto not encountered by a robot. For any man-made system this is a formidable task indeed. The
final task is that of action. This involves the driving mechanisms, motion control and even biometric
(human type) motion management. Generally, the concepts adopted are based on wheeled, tracked
and bipedal robots, but we need to evolve the robots that increasingly use the concepts of biometric
movements like the smooth reptilian movements. The robot uses the actuators (also called effecters)
to carry out its actions. Due to the differences in the types of actuations the robots are categorized
as either mobile, manipulator or communication robots.

The main difference between the human and a robot is that the human brain interprets the sensed
data (‘sense’), derives from these data the required information for decision making (‘think”) and
directs (‘act’) the human organs to execute certain tasks automatically. The idea of Al is then to
build computer systems/software/algorithms/processes to mimic the human brain’s capability of
thinking and action. Thus, Al has a great scope in the field of robotics and other mobile vehicles.
The robot applications are: (i) industrial robots, (ii) medical/surgical robots, (iii) mining/trucks
robots, (iv) humanoid robots, (v) farming tractor, (vi) MARS Rover, (vii) games/sports robots and
(ix) unmanned aerial/ground vehicles. The unmanned aerial vehicles/robots are used in military,
aerospace applications, mining, health care and even in teaching/training. The so-called foraging/
rummaging robots are useful for (a) collecting samples from chemically hazardous places, (b) extrac-
tion of landmine, (¢) exploring unknown regions, (d) collecting samples of rocks from other planets
and (e) assembling parts on a manufacturing line. There are other uses of robotic systems: (i) an
automatic mobile sweeper and (ii) an automatic car for children. The research in robotics and closely
related fields (UAVs, MAVs, UGVs) encompasses several disciplines and technologies and their
integration: (i) mechanical design, manipulators and actuation, (ii) mathematical modelling of
robotic system (and other vehicles), including its environment, (iii) sensors, instrumentation and
acquisition systems for measurements, (iv) pre-processing of measured data, filtering and data fusion,
(v) image acquisition/fusion, processing and tracking, (vi) path and motion planning and algorithms
to achieve optimal paths, (vii) algorithms for simultaneous localization and mapping, (viii) imple-
mentation of these and other algorithms onboard computers (micro-processors, embedded systems),
(ix) implementation of sensor/actuator fault detection/management and reconfiguration schemes,
(x) use of soft computing techniques for learning, adapting and decision making, (xi) guidance
and navigation algorithms, (xii) multi-robot coordination mechanisms, and associated algorithms,
(xiii) real time/online system identification and parameter estimation [3,4] for mathematical model-
ling of these mobile vehicles, (xiv) control algorithms and robotic systems’ performance evaluation
methods and (xv) hardware/software robotic architectural aspects for optimal configuration of the
robotic system.

This volume covers many of the areas and disciplines mentioned above across 35 chapters con-
tributed by experts from various fields and countries. Although each chapter can be read and studied
independently, they are grouped into three logical parts to facilitate nearly smooth information flow
throughout the book: Part I: Conceptual Foundations for MIAS, Part II: MIAS and Robotics and
Part I1I: Allied Technologies for MIAS/Robotics. Many of the chapters attempt to present some new



XXiV Introduction

results in the form of novel techniques, algorithms and/or experimental/simulations/empirical data-
analysis results, and other chapters either describe, in brief, the basic methods, technologies and/or
review some literature in the relevant fields. Thus, the structure of this volume is a mixed one: it can
be used as a recipe book, or a reference volume with some new results (like ones in a research/
technical journal). It is not meant to be a text book for any course or syllabus however it can be used
as a supporting volume and can be consulted for research projects at the post graduate as well as
doctoral levels. At the outset it must be mentioned that neither the editors (of this volume) nor the
authors (of various chapters in the volume) claim that the mathematical expressions, equations and/
or formulae are derived from the first principles. For such derivations the readers can refer the
respective cited references of the concerned chapters. Also, it is not claimed that all the chapters
discuss all the aspects of mobility, autonomy and intelligent, nonetheless the volume as a whole
discusses several basic concepts, MIAS and robotics systems, and allied technologies that would aid
MIAS and robotics. The main idea is that the disciplines considered and discussed in this volume
would be needed to build a good autonomous and/or intelligent mobile system, only that the
mechanical and structural aspects of the vehicles are not addressed in this book. It must also be
mentioned that the authors of various chapters seem to have taken enough care to present various
theories, formulae/equations, simulations/real-data results and experimental results, it is important
that the readers and users of this material, inferences, and results take enough care and precautions
before applications of these to their own problems, case studies and systems. Any such endeavours
would be at their own risk. Next, only a brief description of each chapter is given here for two rea-
sons: (i) the importance of each work and related technology is clearly highlighted by the authors in
the introductions of their chapters and (ii) the table of contents gives a good picture of what is being
presented in the concerned chapters. The synergism connection diagram for the MIAS/Robotic
System’s theory and practice as presented in various chapters (whose numbers are indicated within
parentheses) in this book is depicted in Figure I.1. Many of these technologies are the constituents
to build a MIAS system, except that the mechanical structures and related aspects are not dealt with
in this book.

In Chapter 1, some basic concepts of artificial neural networks, fuzzy logic and genetic algo-
rithms are discussed. The scope of applications of these soft computing techniques as well as of Al
to the robotic and other related systems is discussed. Also, certain combinations of ANNs, FL and
GAs are described that are/can be used for robotic applications.

Chapter 2 by Ramachandran discusses mathematical modelling aspects for robot motion.
Especially kinematics, dynamics, robot walking and probabilistic robot modelling based on avail-
able odometry measurements are considered.

In Chapter 3, Gopal discusses the need of data fusion in robotics. The author highlights the data
fusion approaches and gives partial coding of these methods. The presentation is concise, but the
importance of the data fusion applications to robots/MIAS should not be underestimated. Further
aspects and application of multi-sensor data fusion are developed in Chapters 4, 5 and 30. In Chapter
4, Myna discusses image registration and fusion aspects. Some aspects of satellite image registra-
tion and fusion are presented with real imagery data. A good literature review of image registration
is also provided. The concepts fuzzy logic type I and type IT are highlighted for use in image fusion.
Chapter 5 by Naidu presents discrete cosine transform-based method for image fusion. Also the
performance evaluation results are presented using the image data from the open literature. In
Chapter 6, Kaimal and the coauthor present a novel and improved motion segmentation process in
the spectral framework. Specifically, they discuss motion detection, motion estimation clustering
using spectral framework. The maximum likelihood motion framework is used. Extensive perfor-
mance results of the approach are also presented.

In Chapter 7, the authors present some new work on formation control in multi-agent systems
over packet dropping link. Since, data losses do occur in communications channels, be it the data
transmission networks, multi-robot coordination data-networks, multi-target communications chan-
nels and/or wireless sensor networks, it is important to address this problem here.



