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Mechanical engineering, an engineering discipline borne
of the needs of the industrial revolution, is once again
asked to do its substantial share in the call for industrial
renewal. The general call is urgent as we face profound
is sues of productivity and competitiveness that require
engineering solutions, among others. The Mechanical
Engineering Series features graduate texts and research
monographs intended to address the need for
information in contemporary areas of mechanical
engineering. The series is conceived as a
comprehensive one that covers a broad range of
concentrations important to mechanical engineering
graduate education and research. We are fortunate to
have a distinguished rost er of consulting editors on the
advisory board, each an expert in one the areas of
concentra tion. The names of the consulting editors are
listed on the next page of this volume. The areas of
concentration are: applied mechanics; biome chan ics;
computational mechanics; dynamic systems and control;
energetics; mechanics of materials; processing; thermal
science; and tribology.
Geometric Fundamentals of RoboticsSpringer Science &
Business Media
Computational kinematics is an enthralling area of
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science with
a rich Jm
spectrum
of problems at the junction
of mechanics, robotics, computer science, mathematics,
and computer graphics. The present book collects up-todate methods as presented during the Fifth International
Workshop on Computational Kinematics (CK2009) held
at the University of Duisburg-Essen, Germany. The
covered topics include design and optimization of cabledriven robots, analysis of parallel manipulators, motion
planning, numerical methods for mechanism calibration
and optimization, geometric approaches to mechanism
analysis and design, synthesis of mechanisms,
kinematical issues in biomechanics, balancing and
construction of novel mechanical devices, detection and
treatment of singularities, as well as computational
methods for gear design. The results should be of
interest for practicing and research engineers as well as
Ph.D. students from the fields of mechanical and
electrical engineering, computer science, and computer
graphics.
This book constitutes the thoroughly refereed postworkshop proceedings of the 5th International Workshop
on Modelling and Simulation for Autonomous Systems,
MESAS 2018, held in Prague, Czech Republic, in
October 2018. The 46 revised full papers included in the
volume were carefully reviewed and selected from 66
submissions. They are organized in the following topical
sections: Future Challenges of Advanced M&S
Technology; Swarming - R&D and Application; M&S of
Intelligent Systems - AI, R&D and Application; AxS in
Context of Future Warfare and Security Environment
(Concepts, Applications, Training, Interoperability, etc.).
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21st Century
Kinematics
focuses
on algebraic problems
in the analysis and synthesis of mechanisms and robots,
compliant mechanisms, cable-driven systems and
protein kinematics. The specialist contributors provide
the background for a series of presentations at the 2012
NSF Workshop. The text shows how the analysis and
design of innovative mechanical systems yield
increasingly complex systems of polynomials,
characteristic of those systems. In doing so, it takes
advantage of increasingly sophisticated computational
tools developed for numerical algebraic geometry and
demonstrates the now routine derivation of polynomial
systems dwarfing the landmark problems of even the
recent past. The 21st Century Kinematics workshop
echoes the NSF-supported 1963 Yale Mechanisms
Teachers Conference that taught a generation of
university educators the fundamental principles of
kinematic theory. As such these proceedings will provide
admirable supporting theory for a graduate course in
modern kinematics and should be of considerable
interest to researchers in mechanical design, robotics or
protein kinematics or who have a broader interest in
algebraic geometry and its applications.
This book is of interest to researchers wanting to know
more about the latest topics and methods in the fields of
the kinematics, control and design of robotic systems.
The papers cover the full range of robotic systems,
including serial, parallel and cable-driven manipulators.
The systems range from being less than fully mobile, to
kinematically redundant, to over-constrained. The book
brings together 43 peer-reviewed papers. They report on
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achievements. The main
theme that connects them is the movement of robots in
the most diverse areas of application.
Papers from a flagship robotics conference that cover
topics ranging from kinematics to human-robot
interaction and robot perception. Robotics: Science and
Systems VI spans a wide spectrum of robotics, bringing
together researchers working on the foundations of
robotics, robotics applications, and the analysis of
robotics systems. This volume presents the proceedings
of the sixth Robotics: Science and Systems conference,
held in 2010 at the University of Zaragoza, Spain. The
papers presented cover a wide range of topics in
robotics, spanning mechanisms, kinematics, dynamics
and control, human-robot interaction and humancentered systems, distributed systems, mobile systems
and mobility, manipulation, field robotics, medical
robotics, biological robotics, robot perception, and
estimation and learning in robotic systems. The
conference and its proceedings reflect not only the
tremendous growth of robotics as a discipline but also
the desire in the robotics community for a flagship event
at which the best of the research in the field can be
presented.
This book brings together 46 peer-reviewed papers that
are of interest to researchers wanting to know more
about the latest topics and methods in the fields of the
kinematics, control and design of robotic systems. These
papers cover the full range of robotic systems, including
serial, parallel and cable-driven manipulators, both
planar and spatial. The systems range from being less
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mobile,
kinematically
redundant, to overconstrained. In addition to these more familiar areas, the
book also highlights recent advances in some emerging
areas: such as the design and control of humanoids and
humanoid subsystems; the analysis, modeling and
simulation of human-body motions; mobility analyses of
protein molecules; and the development of machines
that incorporate man.

* The first exposition on super-recursive algorithms,
systematizing all main classes and providing an
accessible, focused examination of the theory and its
ramifications * Demonstrates how these algorithms
are more appropriate as mathematical models for
modern computers and how they present a better
framework for computing methods * Develops a new
practically-oriented perspective on the theory of
algorithms, computation, and automata, as a whole
An original motivation for algebraic geometry was to
understand curves and surfaces in three dimensions.
Recent theoretical and technological advances in
areas such as robotics, computer vision, computeraided geometric design and molecular biology,
together with the increased availability of
computational resources, have brought these
original questions once more into the forefront of
research. One particular challenge is to combine
applicable methods from algebraic geometry with
proven techniques from piecewise-linear
computational geometry (such as Voronoi diagrams
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and hyperplane arrangements) to develop tools for
treating curved objects. These research efforts may
be summarized under the term nonlinear
computational geometry. This volume grew out of an
IMA workshop on Nonlinear Computational
Geometry in May/June 2007 (organized by I.Z.
Emiris, R. Goldman, F. Sottile, T. Theobald) which
gathered leading experts in this emerging field. The
research and expository articles in the volume are
intended to provide an overview of nonlinear
computational geometry. Since the topic involves
computational geometry, algebraic geometry, and
geometric modeling, the volume has contributions
from all of these areas. By addressing a broad range
of issues from purely theoretical and algorithmic
problems, to implementation and practical
applications this volume conveys the spirit of the IMA
workshop.
Helps in the development of large software projects.
Uses a well-known open-source software prototype
system (Vesta developed at Digital and Compaq
Systems Research Lab).
The Handbook of Geometric Constraint Systems
Principles is an entry point to the currently used
principal mathematical and computational tools and
techniques of the geometric constraint system
(GCS). It functions as a single source containing the
core principles and results, accessible to both
beginners and experts. The handbook provides a
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guide for students learning basic concepts, as well
as experts looking to pinpoint specific results or
approaches in the broad landscape. As such, the
editors created this handbook to serve as a useful
tool for navigating the varied concepts, approaches
and results found in GCS research. Key Features: A
comprehensive reference handbook authored by top
researchers Includes fundamentals and techniques
from multiple perspectives that span several
research communities Provides recent results and a
graded program of open problems and conjectures
Can be used for senior undergraduate or graduate
topics course introduction to the area Detailed list of
figures and tables About the Editors: Meera
Sitharam is currently an Associate Professor at the
University of Florida’s Department of Computer &
Information Science and Engineering. She received
her Ph.D. at the University of Wisconsin, Madison.
Audrey St. John is an Associate Professor of
Computer Science at Mount Holyoke College, who
received her Ph. D. from UMass Amherst. Jessica
Sidman is a Professor of Mathematics on the John
S. Kennedy Foundation at Mount Holyoke College.
She received her Ph.D. from the University of
Michigan.
This book is of interest to researchers inquiring
about modern topics and methods in the kinematics,
control and design of robotic manipulators. It
considers the full range of robotic systems, including
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serial, parallel and cable driven manipulators, both
planar and spatial. The systems range from being
less than fully mobile to kinematically redundant to
overconstrained. In addition to recognized areas, this
book also presents recent advances in emerging
areas such as the design and control of humanoids
and humanoid subsystems, and the analysis,
modeling and simulation of human body motions, as
well as the mobility analysis of protein molecules and
the development of machines which incorporate
man.
These are the Proceedings of the 6th International
Symposium on Multibody Systems and Mechatronics
(MUSME 2017) which was held in Florianópolis,
Brazil, October 24-28, 2017. Topics addressed
include analysis and synthesis of mechanisms;
dynamics of multibody systems; design algorithms
for mechatronic systems; simulation procedures and
results; prototypes and their performance; robots
and micromachines; experimental validations; theory
of mechatronic simulation; mechatronic systems;
and control of mechatronic systems. The MUSME
2017 Symposium was one of the activities of the
FEIbIM Commission for Mechatronics and IFToMM
technical Committees for Multibody Dynamics,
Robotics and Mechatronics.
Combinatorics and finite fields are of great
importance in modern applications such as in the
analysis of algorithms, in information and
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communication theory, and in signal processing and
coding theory. This book contains survey articles on
topics such as difference sets, polynomials, and
pseudorandomness.
This volume contains the Proceedings of the 3rd
IFToMM Symposium on Mechanism Design for
Robotics, held in Aalborg, Denmark, 2-4 June, 2015.
The book contains papers on recent advances in the
design of mechanisms and their robotic applications.
It treats the following topics: mechanism design,
mechanics of robots, parallel manipulators, actuators
and their control, linkage and industrial manipulators,
innovative mechanisms/robots and their applications,
among others. The book can be used by researchers
and engineers in the relevant areas of mechanisms,
machines and robotics.
This book examines the evolution of self-organised
multicellular structures, and the remarkable transition
from unicellular to multicellular life. It shows the way
forward in developing new robotic entities that are
versatile, cooperative and self-configuring.
Recent advancements in mechanical engineering
are an essential topic for discussion. The topics
relating to mechanical engineering include the
following: measurements of signals of shafts,
springs, belts, bearings, gears, rotors, machine
elements, vibration analysis, acoustic analysis, fault
diagnosis, construction, analysis of machine
operation, analysis of smart-material systems,
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integrated systems, stresses, analysis of
deformations, analysis of mechanical properties,
signal processing of mechanical systems, and rotor
dynamics. Mechanical engineering deals with solid
and fluid mechanics, rotation, movements, materials,
and thermodynamics. This book, with 15 published
articles, presents the topic “Symmetry in Mechanical
Engineering”. The presented topic is interesting. It is
categorized into eight different sections:
Deformation; Stresses; Mechanical properties;
Tribology; Thermodynamic; Measurement; Fault
diagnosis; Machine. The development of techniques
and methods related to mechanical engineering is
growing every month. The described articles have
made a contribution to mechanical engineering. The
proposed research can find applications in factories,
oil refineries, and mines. It is essential to develop
new improved methods, techniques, and devices
related to mechanical engineering.
This introduction to computational geometry focuses
on algorithms. Motivation is provided from the
application areas as all techniques are related to
particular applications in robotics, graphics,
CAD/CAM, and geographic information systems.
Modern insights in computational geometry are used
to provide solutions that are both efficient and easy
to understand and implement.
Deformable objects are ubiquitous in the world
surrounding us, on all levels from micro to macro.
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The need to study such shapes and model their
behavior arises in a wide spectrum of applications,
ranging from medicine to security. In recent years,
non-rigid shapes have attracted growing interest,
which has led to rapid development of the field,
where state-of-the-art results from very different
sciences - theoretical and numerical geometry,
optimization, linear algebra, graph theory, machine
learning and computer graphics, to mention several are applied to find solutions. This book gives an
overview of the current state of science in analysis
and synthesis of non-rigid shapes. Everyday
examples are used to explain concepts and to
illustrate different techniques. The presentation
unfolds systematically and numerous figures enrich
the engaging exposition. Practice problems follow at
the end of each chapter, with detailed solutions to
selected problems in the appendix. A gallery of
colored images enhances the text. This book will be
of interest to graduate students, researchers and
professionals in different fields of mathematics,
computer science and engineering. It may be used
for courses in computer vision, numerical geometry
and geometric modeling and computer graphics or
for self-study.
An inviting, intuitive, and visual exploration of
differential geometry and forms Visual Differential
Geometry and Forms fulfills two principal goals. In
the first four acts, Tristan Needham puts the
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geometry back into differential geometry. Using 235
hand-drawn diagrams, Needham deploys Newton’s
geometrical methods to provide geometrical
explanations of the classical results. In the fifth act,
he offers the first undergraduate introduction to
differential forms that treats advanced topics in an
intuitive and geometrical manner. Unique features of
the first four acts include: four distinct geometrical
proofs of the fundamentally important Global GaussBonnet theorem, providing a stunning link between
local geometry and global topology; a simple,
geometrical proof of Gauss’s famous Theorema
Egregium; a complete geometrical treatment of the
Riemann curvature tensor of an n-manifold; and a
detailed geometrical treatment of Einstein’s field
equation, describing gravity as curved spacetime
(General Relativity), together with its implications for
gravitational waves, black holes, and cosmology.
The final act elucidates such topics as the unification
of all the integral theorems of vector calculus; the
elegant reformulation of Maxwell’s equations of
electromagnetism in terms of 2-forms; de Rham
cohomology; differential geometry via Cartan’s
method of moving frames; and the calculation of the
Riemann tensor using curvature 2-forms. Six of the
seven chapters of Act V can be read completely
independently from the rest of the book. Requiring
only basic calculus and geometry, Visual Differential
Geometry and Forms provocatively rethinks the way
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this important area of mathematics should be
considered and taught.
This second edition of Grune and Jacobs’ brilliant
work presents new developments and discoveries
that have been made in the field. Parsing, also
referred to as syntax analysis, has been and
continues to be an essential part of computer
science and linguistics. Parsing techniques have
grown considerably in importance, both in computer
science, ie. advanced compilers often use general
CF parsers, and computational linguistics where
such parsers are the only option. They are used in a
variety of software products including Web browsers,
interpreters in computer devices, and data
compression programs; and they are used
extensively in linguistics.
This book gathers the proceedings of the 15th
IFToMM World Congress, which was held in Krakow,
Poland, from June 30 to July 4, 2019. Having been
organized every four years since 1965, the Congress
represents the world’s largest scientific event on
mechanism and machine science (MMS). The
contributions cover an extremely diverse range of
topics, including biomechanical engineering,
computational kinematics, design methodologies,
dynamics of machinery, multibody dynamics, gearing
and transmissions, history of MMS, linkage and
mechanical controls, robotics and mechatronics,
micro-mechanisms, reliability of machines and
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mechanisms, rotor dynamics, standardization of
terminology, sustainable energy systems,
transportation machinery, tribology and vibration.
Selected by means of a rigorous international peerreview process, they highlight numerous exciting
advances and ideas that will spur novel research
directions and foster new multidisciplinary
collaborations.
* Provides an elegant introduction to the geometric
concepts that are important to applications in
robotics * Includes significant state-of-the art
material that reflects important advances, connecting
robotics back to mathematical fundamentals in group
theory and geometry * An invaluable reference that
serves a wide audience of grad students and
researchers in mechanical engineering, computer
science, and applied mathematics
Integrates computer vision, pattern recognition, and
AI. Presents original research that will benefit
researchers and professionals in computer vision,
pattern recognition, target recognition, machine
learning, evolutionary learning, image processing,
knowledge discovery and data mining, cybernetics,
robotics, automation and psychology
The second edition of this handbook provides a stateof-the-art cover view on the various aspects in the
rapidly developing field of robotics. Reaching for the
human frontier, robotics is vigorously engaged in the
growing challenges of new emerging domains.
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Interacting, exploring, and working with humans, the
new generation of robots will increasingly touch
people and their lives. The credible prospect of
practical robots among humans is the result of the
scientific endeavour of a half a century of robotic
developments that established robotics as a modern
scientific discipline. The ongoing vibrant expansion
and strong growth of the field during the last decade
has fueled this second edition of the Springer
Handbook of Robotics. The first edition of the
handbook soon became a landmark in robotics
publishing and won the American Association of
Publishers PROSE Award for Excellence in Physical
Sciences & Mathematics as well as the
organization’s Award for Engineering & Technology.
The second edition of the handbook, edited by two
internationally renowned scientists with the support
of an outstanding team of seven part editors and
more than 200 authors, continues to be an
authoritative reference for robotics researchers,
newcomers to the field, and scholars from related
disciplines. The contents have been restructured to
achieve four main objectives: the enlargement of
foundational topics for robotics, the enlightenment of
design of various types of robotic systems, the
extension of the treatment on robots moving in the
environment, and the enrichment of advanced
robotics applications. Further to an extensive update,
fifteen new chapters have been introduced on
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emerging topics, and a new generation of authors
have joined the handbook’s team. A novel addition
to the second edition is a comprehensive collection
of multimedia references to more than 700 videos,
which bring valuable insight into the contents. The
videos can be viewed directly augmented into the
text with a smartphone or tablet using a unique and
specially designed app. Springer Handbook of
Robotics Multimedia Extension Portal:
http://handbookofrobotics.org/
This monograph details several important advances
in the direction of a practical proofs-as-programs
paradigm, which constitutes a set of approaches to
developing programs from proofs in constructive
logic with applications to industrial-scale, complex
software engineering problems. One of the books
central themes is a general, abstract framework for
developing new systems of programs synthesis by
adapting proofs-as-programs to new contexts.
Snake Robots is a novel treatment of theoretical and
practical topics related to snake robots: robotic
mechanisms designed to move like biological snakes
and able to operate in challenging environments in
which human presence is either undesirable or
impossible. Future applications of such robots
include search and rescue, inspection and
maintenance, and subsea operations. Locomotion in
unstructured environments is a focus for this book.
The text targets the disparate muddle of approaches
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to modelling, development and control of snake
robots in current literature, giving a unified
presentation of recent research results on snake
robot locomotion to increase the reader’s basic
understanding of these mechanisms and their
motion dynamics and clarify the state of the art in the
field. The book is a complete treatment of snake
robotics, with topics ranging from mathematical
modelling techniques, through mechatronic design
and implementation, to control design strategies.
The development of two snake robots is described
and both are used to provide experimental validation
of many of the theoretical results. Snake Robots is
written in a clear and easily understandable manner
which makes the material accessible by specialists
in the field and non-experts alike. Numerous
illustrative figures and images help readers to
visualize the material. The book is particularly useful
to new researchers taking on a topic related to snake
robots because it provides an extensive overview of
the snake robot literature and also represents a
suitable starting point for research in this area.
Describes how to design object-oriented code and
accompanying algorithms that can be reverse
engineered for greater flexibility in future code
maintenance and alteration. Provides essential
object-oriented concepts and programming methods
for software engineers and researchers.
This is the proceedings of ARK 2018, the 16th
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International Symposium on Advances in Robot
Kinematics, that was organized by the Group of
Robotics, Automation and Biomechanics (GRAB)
from the University of Bologna, Italy. ARK are
international symposia of the highest level organized
every two years since 1988. ARK provides a forum
for researchers working in robot kinematics and
stimulates new directions of research by forging links
between robot kinematics and other areas.The main
topics of the symposium of 2018 were: kinematic
analysis of robots, robot modeling and simulation,
kinematic design of robots, kinematics in robot
control, theories and methods in kinematics,
singularity analysis, kinematic problems in parallel
robots, redundant robots, cable robots, overconstrained linkages, kinematics in biological
systems, humanoid robots and humanoid
subsystems.
This book constitutes the refereed proceedings of
the 21st International Workshop on Computer
Algebra in Scientific Computing, CASC 2019, held in
Moscow, Russia, in August 2019. The 28 full papers
presented together with 2 invited talks were carefully
reviewed and selected from 44 submissions. They
deal with cutting-edge research in all major
disciplines of computer algebra. The papers cover
topics such as polynomial algebra, symbolic and
symbolic-numerical computation, applications of
symbolic computation for investigating and solving
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ordinary differential equations, applications of CASs
in the investigation and solution of celestial
mechanics problems, and in mechanics, physics,
and robotics.
Tomorrow's robots, which includes the humanoid
robot, can perform task like tutoring children, working
as tour guides, driving humans to and from work, do
the family shopping etc. Tomorrow's robots will
enhance lives in ways we never dreamed possible.
No time to attend the decisive meeting on Asian
strategy? Let your robot go for you and make the
decisions. Not feeling well enough to go to the clinic?
Let Dr Robot come to you, make a diagnosis, and
get you the necessary medicine for treatment. No
time to coach the soccer team this week? Let the
robot do it for you.Tomorrow's robots will be the most
exciting and revolutionary things to happen to the
world since the invention of the automobile. It will
change the way we work, play, think, and live.
Because of this, nowadays robotics is one of the
most dynamic fields of scientific research. These
days, robotics is offered in almost every university in
the world. Most mechanical engineering departments
offer a similar course at both the undergraduate and
graduate levels. And increasingly, many computer
and electrical engineering departments are also
offering it.This book will guide you, the curious
beginner, from yesterday to tomorrow. The book will
cover practical knowledge in understanding,
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developing, and using robots as versatile equipment
to automate a variety of industrial processes or
tasks. But, the book will also discuss the possibilities
we can look forward to when we are capable of
creating a vision-guided, learning machine.
As the capability and utility of robots has increased
dramatically with new technology, robotic systems
can perform tasks that are physically dangerous for
humans, repetitive in nature, or require increased
accuracy, precision, and sterile conditions to
radically minimize human error. The Robotics and
Automation Handbook addresses the major aspects
of designing, fabricating, and enabling robotic
systems and their various applications. It presents
kinetic and dynamic methods for analyzing robotic
systems, considering factors such as force and
torque. From these analyses, the book develops
several controls approaches, including servo
actuation, hybrid control, and trajectory planning.
Design aspects include determining specifications
for a robot, determining its configuration, and utilizing
sensors and actuators. The featured applications
focus on how the specific difficulties are overcome in
the development of the robotic system. With the
ability to increase human safety and precision in
applications ranging from handling hazardous
materials and exploring extreme environments to
manufacturing and medicine, the uses for robots are
growing steadily. The Robotics and Automation
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Handbook provides a solid foundation for engineers
and scientists interested in designing, fabricating, or
utilizing robotic systems.
This volume gathers the latest advances,
innovations, and applications in the field of intelligent
systems such as robots, cyber-physical and
embedded systems, as presented by leading
international researchers and engineers at the
International Conference on Intelligent Technologies
in Robotics (ITR), held in Moscow, Russia on
October 21-23, 2019. It covers highly diverse topics,
including robotics, design and machining, control
and dynamics, bio-inspired systems, Internet of
Thing, Big Data, RFID technology, blockchain,
trusted software, cyber-physical systems (CFS)
security, development of CFS in manufacturing,
protection of information in CFS, cybersecurity of
CFS. The contributions, which were selected by
means of a rigorous international peer-review
process, highlight numerous exciting ideas that will
spur novel research directions and foster
multidisciplinary collaboration among different
specialists, demonstrating that intelligent systems
will drive the technological and societal change in
the coming decades.
Robotics research, especially mobile robotics is a
young field. Its roots include many engineering and
scientific disciplines from mechanical, electrical and
electronics engineering to computer, cognitive and
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social sciences. Each of this parent fields is exciting
in its own way and has its share in different books.
This book is a result of inspirations and contributions
from many researchers worldwide. It presents a
collection of a wide range of research results in
robotics scientific community. We hope you will
enjoy reading the book as much as we have enjoyed
bringing it together for you.
Kinematics is an exciting area of computational
mechanics which plays a central role in a great
variety of fields and industrial applications. Apart
from research in pure kinematics, the field offers
challenging problems of practical relevance that
need to be solved in an interdisciplinary manner in
order for new technologies to develop. The present
book collects a number of important contributions
presented during the First Conference on
Interdisciplinary Applications of Kinematics (IAK
2008) held in Lima, Peru. To share inspiration and
non-standard solutions among the different
applications, the conference brought together
scientists from several research fields related to
kinematics, such as for example, computational
kinematics, multibody systems, industrial machines,
robotics, biomechanics, mechatronics and chemistry.
The conference focused on all aspects of
kinematics, namely modeling, optimization,
experimental validation, industrial applications,
theoretical kinematical methods, and design. The
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results should be of interest for practicing and
research engineers as well as Ph.D. students from
the fields of mechanical and electrical engineering,
computer science, and computer graphics.
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