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The central theme of this book is the extent to which
the structure of the free dynamical boundaries of a
system controls the evolution of the system as a
whole. Applying three orthogonal types of thinking -
mathematical, constructivist and morphological, it
illustrates these concepts using applications to
selected problems from the social and life sciences,
as well as economics. In a broader context, it
introduces and reviews some modern mathematical
approaches to the science of complex systems.
Standard modeling approaches (based on non-linear
differential equations, dynamic systems, graph
theory, cellular automata, stochastic processes, or
information theory) are suitable for studying local
problems. However they cannot simultaneously take
into account all the different facets and phenomena
of a complex system, and new approaches are
required to solve the challenging problem of
correlations between phenomena at different levels
and hierarchies, their self-organization and memory-
evolutive aspects, the growth of additional structures
and are ultimately required to explain why and how
such complex systems can display both robustness
and flexibility. This graduate-level text also
addresses a broader interdisciplinary audience,
keeping the mathematical level essentially uniform
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throughout the book, and involving only basic
elements from calculus, algebra, geometry and
systems theory.
This book provides a comprehensive coverage of the
fields Geometric Modeling, Computer-Aided Design,
and Scientific Visualization, or Computer-Aided
Geometric Design. Leading international experts
have contributed, thus creating a one-of-a-kind
collection of authoritative articles. There are chapters
outlining basic theory in tutorial style, as well as
application-oriented articles. Aspects which are
covered include: Historical outline Curve and surface
methods Scientific Visualization Implicit methods
Reverse engineering. This book is meant to be a
reference text for researchers in the field as well as
an introduction to graduate students wishing to get
some exposure to this subject.
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
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
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proofs of the fundamentally important Global Gauss-
Bonnet 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
this important area of mathematics should be
considered and taught.
This book provides comprehensive coverage of the
modern methods for geometric problems in the
computing sciences. It also covers concurrent topics
in data sciences including geometric processing,
manifold learning, Google search, cloud data, and R-
tree for wireless networks and BigData. The author
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investigates digital geometry and its related
constructive methods in discrete geometry, offering
detailed methods and algorithms. The book is
divided into five sections: basic geometry; digital
curves, surfaces and manifolds; discretely
represented objects; geometric computation and
processing; and advanced topics. Chapters
especially focus on the applications of these
methods to other types of geometry, algebraic
topology, image processing, computer vision and
computer graphics. Digital and Discrete Geometry:
Theory and Algorithms targets researchers and
professionals working in digital image processing
analysis, medical imaging (such as CT and MRI) and
informatics, computer graphics, computer vision,
biometrics, and information theory. Advanced-level
students in electrical engineering, mathematics, and
computer science will also find this book useful as a
secondary text book or reference. Praise for this
book: This book does present a large collection of
important concepts, of mathematical, geometrical, or
algorithmical nature, that are frequently used in
computer graphics and image processing. These
concepts range from graphs through manifolds to
homology. Of particular value are the sections
dealing with discrete versions of classic continuous
notions. The reader finds compact definitions and
concise explanations that often appeal to intuition,
avoiding finer, but then necessarily more
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complicated, arguments... As a first introduction, or
as a reference for professionals working in computer
graphics or image processing, this book should be of
considerable value." - Prof. Dr. Rolf Klein, University
of Bonn.
A collection of state-of-the-art presentations on
visualization problems in mathematics, fundamental
mathematical research in computer graphics, and
software frameworks for the application of
visualization to real-world problems. Contributions
have been written by leading experts and peer-
refereed by an international editorial team. The book
grew out of the third international workshop
‘Visualization and Mathematics’, May 22-25, 2002
in Berlin. The variety of topics covered makes the
book ideal for researcher, lecturers, and
practitioners.
An emerging field of discrete differential geometry
aims at the development of discrete equivalents of
notions and methods of classical differential
geometry. The latter appears as a limit of a
refinement of the discretization. Current interest in
discrete differential geometry derives not only from
its importance in pure mathematics but also from its
applications in computer graphics, theoretical
physics, architecture, and numerics. Rather
unexpectedly, the very basic structures of discrete
differential geometry turn out to be related to the
theory of Integrable systems. One of the main goals
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of this book Is to reveal this integrable structure of
discrete differential geometry. The intended
audience of this book is threefold. It is a textbook on
discrete differential geometry and integrable systems
suitable for a one semester graduate course. On the
other hand, it is addressed to specialists in geometry
and mathematical physics. It reflects the recent
progress in discrete differential geometry and
contains many original results. The third group of
readers at which this book is targeted is formed by
specialists in geometry processing, computer
graphics, architectural design, numerical simulations,
and animation. They may find here answers to the
question "How do we discretize differential
geometry?" arising in their specific field.
Processing, Analyzing and Learning of Images,
Shapes, and Forms: Part 2, Volume 20, surveys the
contemporary developments relating to the analysis
and learning of images, shapes and forms, covering
mathematical models and quick computational
techniques. Chapter cover Alternating Diffusion: A
Geometric Approach for Sensor Fusion, Generating
Structured TV-based Priors and Associated Primal-
dual Methods, Graph-based Optimization
Approaches for Machine Learning, Uncertainty
Quantification and Networks, Extrinsic Shape
Analysis from Boundary Representations, Efficient
Numerical Methods for Gradient Flows and Phase-
field Models, Recent Advances in Denoising of
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Manifold-Valued Images, Optimal Registration of
Images, Surfaces and Shapes, and much more.
Covers contemporary developments relating to the
analysis and learning of images, shapes and forms
Presents mathematical models and quick
computational techniques relating to the topic
Provides broad coverage, with sample chapters
presenting content on Alternating Diffusion and
Generating Structured TV-based Priors and
Associated Primal-dual Methods
Annotation This book constitutes the refereed
proceedings of the Third International Congress on
Mathematical Software, ICMS 2010, held in Kobe,
Japan in September 2010. The 49 revised full
papers presented were carefully reviewed and
selected for presentation. The papers are organized
in topical sections on computational group theory,
computation of special functions, computer algebra
and reliable computing, computer tools for
mathematical editing and scientific visualization,
exact numeric computation for algebraic and
geometric computation, formal proof, geometry and
visualization, Groebner bases and applications,
number theoretical software as well as software for
optimization and polyhedral computation.
This dissertation, "From Geometry Processing to Surface
Modeling" by Hao, Pan, ??, was obtained from The University
of Hong Kong (Pokfulam, Hong Kong) and is being sold
pursuant to Creative Commons: Attribution 3.0 Hong Kong
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License. The content of this dissertation has not been altered
in any way. We have altered the formatting in order to
facilitate the ease of printing and reading of the dissertation.
All rights not granted by the above license are retained by the
author. Abstract: Geometry processing has witnessed
tremendous development in the last few decades. Starting
from acquiring 3D data of real life objects, people have
developed practical methods for polishing the raw data
usually in the format of point clouds, reconstructing surfaces
from the point clouds, cleaning up the surfaces by denoising
or fairing, texturing the object surfaces by parametrization to
2D domain, deforming the objects realistically and in real
time, and many other advanced tasks. Along with the notable
methods is the sophistication of knowledge for working with
discrete geometric data, in particular points, triangles,
quadrangles and polygons for object representation, with a
large body summarized and principled in the field known as
discrete differential geometry. Meanwhile, geometric
modeling has come to a new era: unlike the previous
industrial practice of spline-based modeling where people
tune control points to search for aesthetic shapes, now
people want novel ways of interaction. For example, find
unknown shapes that are usually characterized to have
variational and physical properties of interest. Also user-
friendly modeling methods like sketching have gained
remarkable attention and advances. We note that many of
these surface modeling problems could be regarded as
asking for surfaces with special differential geometric
properties. To be specific, people find surfaces of minimal
area for modeling soap films that are balanced under surface
tension; surfaces that if fabricated could stand firmly and are
therefore important in real life architectural structures, are
described by having homogeneous relative mean curvatures;
even for surfaces filling up sketched 3D curves, the significant
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property of a good filling surface is that the curves follow
principal curvature directions of the surface. This thesis
presents our results in developing effective algorithms for
modeling the above mentioned surfaces, by adapting
knowledge and techniques in geometry processing, especially
from computational and discrete differential geometry. In
particular, we extend surface remeshing techniques to model
high quality Constant Mean Curvature (CMC) surfaces that
are models of soap films and bubbles, use power diagrams
and the dual regular triangulations to parametrize and
process self-supporting surfaces, and apply direction field
modeling and discrete curvature adaptation to surfacing
sketch curve networks. DOI: 10.5353/th_b5435651 Subjects:
Geometrical models Geometry - Data processing
This is the first comprehensive monograph to thoroughly
investigate constant width bodies, which is a classic area of
interest within convex geometry. It examines bodies of
constant width from several points of view, and, in doing so,
shows surprising connections between various areas of
mathematics. Concise explanations and detailed proofs
demonstrate the many interesting properties and applications
of these bodies. Numerous instructive diagrams are provided
throughout to illustrate these concepts. An introduction to
convexity theory is first provided, and the basic properties of
constant width bodies are then presented. The book then
delves into a number of related topics, which include
Constant width bodies in convexity (sections and projections,
complete and reduced sets, mixed volumes, and further
partial fields) Sets of constant width in non-Euclidean
geometries (in real Banach spaces, and in hyperbolic,
spherical, and further non-Euclidean spaces) The concept of
constant width in analysis (using Fourier series, spherical
integration, and other related methods) Sets of constant width
in differential geometry (using systems of lines and discussing
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notions like curvature, evolutes, etc.) Bodies of constant width
in topology (hyperspaces, transnormal manifolds, fiber
bundles, and related topics) The notion of constant width in
discrete geometry (referring to geometric inequalities,
packings and coverings, etc.) Technical applications, such as
film projectors, the square-hole drill, and rotary engines
Bodies of Constant Width: An Introduction to Convex
Geometry with Applications will be a valuable resource for
graduate and advanced undergraduate students studying
convex geometry and related fields. Additionally, it will appeal
to any mathematicians with a general interest in geometry.
Differential Geometry in Physics is a treatment of the
mathematical foundations of the theory of general relativity
and gauge theory of quantum fields. The material is intended
to help bridge the gap that often exists between theoretical
physics and applied mathematics. The approach is to carve
an optimal path to learning this challenging field by appealing
to the much more accessible theory of curves and surfaces.
The transition from classical differential geometry as
developed by Gauss, Riemann and other giants, to the
modern approach, is facilitated by a very intuitive approach
that sacrifices some mathematical rigor for the sake of
understanding the physics. The book features numerous
examples of beautiful curves and surfaces often reflected in
nature, plus more advanced computations of trajectory of
particles in black holes. Also embedded in the later chapters
is a detailed description of the famous Dirac monopole and
instantons. Features of this book: * Chapters 1-4 and chapter
5 comprise the content of a one-semester course taught by
the author for many years. * The material in the other
chapters has served as the foundation for many master's
thesis at University of North Carolina Wilmington for students
seeking doctoral degrees. * An open access ebook edition is
available at Open UNC (https: //openunc.org) * The book
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contains over 80 illustrations, including a large array of
surfaces related to the theory of soliton waves that does not
commonly appear in standard mathematical texts on
differential geometry.
Developed from a first-year graduate course in algebraic
topology, this text is an informal introduction to some of the
main ideas of contemporary homotopy and cohomology
theory. The materials are structured around four core areas:
de Rham theory, the Cech-de Rham complex, spectral
sequences, and characteristic classes. By using the de Rham
theory of differential forms as a prototype of cohomology, the
machineries of algebraic topology are made easier to
assimilate. With its stress on concreteness, motivation, and
readability, this book is equally suitable for self-study and as a
one-semester course in topology.
The book discusses novel visualization techniques driven by
the needs in medicine and life sciences as well as new
application areas and challenges for visualization within these
fields. It presents ideas and concepts for visual analysis of
data from scientific studies of living organs or to the delivery
of healthcare. Target scientific domains include the entire field
of biology at all scales - from genes and proteins to organs
and populations - as well as interdisciplinary research based
on technological advances such as bioinformatics,
biomedicine, biochemistry, or biophysics. Moreover, they
comprise the field of medicine and the application of science
and technology to healthcare problems. This book does not
only present basic research pushing the state of the art in the
field of visualization, but it also documents the impact in the
fields of medicine and life sciences.
This volume offers a well-structured overview of existent
computational approaches to Riemann surfaces and those
currently in development. The authors of the contributions
represent the groups providing publically available numerical
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codes in this field. Thus this volume illustrates which software
tools are available and how they can be used in practice. In
addition examples for solutions to partial differential equations
and in surface theory are presented. The intended audience
of this book is twofold. It can be used as a textbook for a
graduate course in numerics of Riemann surfaces, in which
case the standard undergraduate background, i.e., calculus
and linear algebra, is required. In particular, no knowledge of
the theory of Riemann surfaces is expected; the necessary
background in this theory is contained in the Introduction
chapter. At the same time, this book is also intended for
specialists in geometry and mathematical physics applying
the theory of Riemann surfaces in their research. It is the first
book on numerics of Riemann surfaces that reflects the
progress made in this field during the last decade, and it
contains original results. There are a growing number of
applications that involve the evaluation of concrete
characteristics of models analytically described in terms of
Riemann surfaces. Many problem settings and computations
in this volume are motivated by such concrete applications in
geometry and mathematical physics.
This is the first book on a newly emerging field of discrete
differential geometry providing an excellent way to access this
exciting area. It provides discrete equivalents of the geometric
notions and methods of differential geometry, such as notions
of curvature and integrability for polyhedral surfaces. The
carefully edited collection of essays gives a lively, multi-
facetted introduction to this emerging field.
This book reviews the algorithms for processing geometric
data, with a practical focus on important techniques not
covered by traditional courses on computer vision and
computer graphics. Features: presents an overview of the
underlying mathematical theory, covering vector spaces,
metric space, affine spaces, differential geometry, and finite
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difference methods for derivatives and differential equations;
reviews geometry representations, including polygonal
meshes, splines, and subdivision surfaces; examines
techniques for computing curvature from polygonal meshes;
describes algorithms for mesh smoothing, mesh
parametrization, and mesh optimization and simplification;
discusses point location databases and convex hulls of point
sets; investigates the reconstruction of triangle meshes from
point clouds, including methods for registration of point clouds
and surface reconstruction; provides additional material at a
supplementary website; includes self-study exercises
throughout the text.
This second edition is based off of the very popular
Shaping Space: A Polyhedral Approach, first
published twenty years ago. The book is expanded
and updated to include new developments, including
the revolutions in visualization and model-making
that the computer has wrought. Shaping Space is an
exuberant, richly-illustrated, interdisciplinary guide to
three-dimensional forms, focusing on the suprisingly
diverse world of polyhedra. Geometry comes alive in
Shaping Space, as a remarkable range of geometric
ideas is explored and its centrality in our cultre is
persuasively demonstrated. The book is addressed
to designers, artists, architects, engineers, chemists,
computer scientists, mathematicians, bioscientists,
crystallographers, earth scientists, and teachers at
all levels—in short, to all scholars and educators
interested in, and working with, two- and three-
dimensinal structures and patterns.
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Advances in Discrete Differential GeometrySpringer
The Handbook of Discrete and Computational
Geometry is intended as a reference book fully
accessible to nonspecialists as well as specialists,
covering all major aspects of both fields. The book
offers the most important results and methods in
discrete and computational geometry to those who
use them in their work, both in the academic
world—as researchers in mathematics and computer
science—and in the professional world—as
practitioners in ?elds as diverse as operations
research, molecular biology, and robotics. Discrete
geometry has contributed signi?cantly to the growth
of discrete mathematics in recent years. This has
been fueled partly by the advent of powerful
computers and by the recent explosion of activity in
the relatively young ?eld of computational geometry.
This synthesis between discrete and computational
geometry lies at the heart of this Handbook. A
growing list of application fields includes
combinatorial optimization, computer-aided design,
computer graphics, crystallography, data analysis,
error-correcting codes, geographic information
systems, motion planning, operations research,
pattern recognition, robotics, solid modeling, and
tomography.
With a pioneering methodology, the book covers the
fundamental aspects of kinematic analysis and
synthesis of linkage, and provides a theoretical
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foundation for engineers and researchers in
mechanisms design. • The first book to propose a
complete curvature theory for planar, spherical and
spatial motion • Treatment of the synthesis of
linkages with a novel approach • Well-structured
format with chapters introducing clearly
distinguishable concepts following in a logical
sequence dealing with planar, spherical and spatial
motion • Presents a pioneering methodology by a
recognized expert in the field and brought up to date
with the latest research and findings • Fundamental
theory and application examples are supplied fully
illustrated throughout
This classic geometry text explores the theory of
3-dimensional convex polyhedra in a unique fashion,
with exceptional detail. Vital and clearly written, the
book includes the basics of convex polyhedra and
collects the most general existence theorems for
convex polyhedra that are proved by a new and
unified method. This edition includes a
comprehensive bibliography by V.A. Zalgaller, and
related papers as supplements to the original text.
Locally symmetric spaces are generalizations of
spaces of constant curvature. In this book the author
presents the proof of a remarkable phenomenon,
which he calls "strong rigidity": this is a stronger form
of the deformation rigidity that has been investigated
by Selberg, Calabi-Vesentini, Weil, Borel, and
Raghunathan. The proof combines the theory of
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semi-simple Lie groups, discrete subgroups, the
geometry of E. Cartan's symmetric Riemannian
spaces, elements of ergodic theory, and the
fundamental theorem of projective geometry as
applied to Tit's geometries. In his proof the author
introduces two new notions having independent
interest: one is "pseudo-isometries"; the other is a
notion of a quasi-conformal mapping over the
division algebra K (K equals real, complex,
quaternion, or Cayley numbers). The author
attempts to make the account accessible to readers
with diverse backgrounds, and the book contains
capsule descriptions of the various theories that
enter the proof.
This book constitutes thoroughly revised and
selected papers from the 11th International Joint
Conference on Computer Vision, Imaging and
Computer Graphics Theory and Applications,
VISIGRAPP 2016, held in Rome, Italy, in February
2016. VISIGRAPP comprises GRAPP, International
Conference on Computer Graphics Theory and
Applications; IVAPP, International Conference on
Information Visualization Theory and Applications;
and VISAPP, International Conference on Computer
Vision Theory and Applications. The 28 thoroughly
revised and extended papers presented in this
volume were carefully reviewed and selected from
338 submissions. The book also contains one invited
talk in full-paper length. The regular papers were
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organized in topical sections named: computer
graphics theory and applications; information
visualization theory and applications; and computer
vision theory and applications.
This book contains the proceedings of the
«Symposium on differential geometry» which took
place at the Université de Valenciennes et du
Hainaut Cambrésis from July 3, 2007 until July 7,
2007.The main theme of the conference was the
differential geometry of submanifolds. Special
emphasis was put on the following topics:Lagrangian
immersions, Minimal immersions and constant mean
curvature immersions, Harmonic maps and harmonic
morphisms, Variational problems, Affine differential
geometry. This conference follows the tradition of the
conferences in the series of « Geometry and
Topology of Submanifolds », which started with the
Luminy meeting in 1987 and then continued with
various meetings at different places in Europe, such
as amongst others Avignon, Leeds, Leuven,
Brussels, Nordfjordeid, Berlin, Warszawa, Bedlewo
and also in China (Beijing, 1998).
This is one of the first books on a newly emerging field of
discrete differential geometry and an excellent way to
access this exciting area. It surveys the fascinating
connections between discrete models in differential
geometry and complex analysis, integrable systems and
applications in computer graphics. The authors take a
closer look at discrete models in differential geometry
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and dynamical systems. Their curves are polygonal,
surfaces are made from triangles and quadrilaterals, and
time is discrete. Nevertheless, the difference between
the corresponding smooth curves, surfaces and classical
dynamical systems with continuous time can hardly be
seen. This is the paradigm of structure-preserving
discretizations. Current advances in this field are
stimulated to a large extent by its relevance for computer
graphics and mathematical physics. This book is written
by specialists working together on a common research
project. It is about differential geometry and dynamical
systems, smooth and discrete theories, and on pure
mathematics and its practical applications. The
interaction of these facets is demonstrated by concrete
examples, including discrete conformal mappings,
discrete complex analysis, discrete curvatures and
special surfaces, discrete integrable systems, conformal
texture mappings in computer graphics, and free-form
architecture. This richly illustrated book will convince
readers that this new branch of mathematics is both
beautiful and useful. It will appeal to graduate students
and researchers in differential geometry, complex
analysis, mathematical physics, numerical methods,
discrete geometry, as well as computer graphics and
geometry processing.
Discrete geometry is a relatively new development in
pure mathematics, while computational geometry is an
emerging area in applications-driven computer science.
Their intermingling has yielded exciting advances in
recent years, yet what has been lacking until now is an
undergraduate textbook that bridges the gap between
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the two. Discrete and Computational Geometry offers a
comprehensive yet accessible introduction to this cutting-
edge frontier of mathematics and computer science. This
book covers traditional topics such as convex hulls,
triangulations, and Voronoi diagrams, as well as more
recent subjects like pseudotriangulations, curve
reconstruction, and locked chains. It also touches on
more advanced material, including Dehn invariants,
associahedra, quasigeodesics, Morse theory, and the
recent resolution of the Poincaré conjecture.
Connections to real-world applications are made
throughout, and algorithms are presented independently
of any programming language. This richly illustrated
textbook also features numerous exercises and unsolved
problems. The essential introduction to discrete and
computational geometry Covers traditional topics as well
as new and advanced material Features numerous full-
color illustrations, exercises, and unsolved problems
Suitable for sophomores in mathematics, computer
science, engineering, or physics Rigorous but accessible
An online solutions manual is available (for teachers
only). To obtain access, please e-mail:
Vickie_Kearn@press.princeton.edu
Differential geometry began as the study of curves and
surfaces using the methods of calculus. In time, the
notions of curve and surface were generalized along with
associated notions such as length, volume, and
curvature. At the same time the topic has become
closely allied with developments in topology. The basic
object is a smooth manifold, to which some extra
structure has been attached, such as a Riemannian
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metric, a symplectic form, a distinguished group of
symmetries, or a connection on the tangent bundle. This
book is a graduate-level introduction to the tools and
structures of modern differential geometry. Included are
the topics usually found in a course on differentiable
manifolds, such as vector bundles, tensors, differential
forms, de Rham cohomology, the Frobenius theorem
and basic Lie group theory. The book also contains
material on the general theory of connections on vector
bundles and an in-depth chapter on semi-Riemannian
geometry that covers basic material about Riemannian
manifolds and Lorentz manifolds. An unusual feature of
the book is the inclusion of an early chapter on the
differential geometry of hyper-surfaces in Euclidean
space. There is also a section that derives the exterior
calculus version of Maxwell's equations. The first
chapters of the book are suitable for a one-semester
course on manifolds. There is more than enough
material for a year-long course on manifolds and
geometry.
An explanation of the mathematics needed as a
foundation for a deep understanding of general relativity
or quantum field theory. Physics is naturally expressed in
mathematical language. Students new to the subject
must simultaneously learn an idiomatic mathematical
language and the content that is expressed in that
language. It is as if they were asked to read Les
Misérables while struggling with French grammar. This
book offers an innovative way to learn the differential
geometry needed as a foundation for a deep
understanding of general relativity or quantum field
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theory as taught at the college level. The approach taken
by the authors (and used in their classes at MIT for many
years) differs from the conventional one in several ways,
including an emphasis on the development of the
covariant derivative and an avoidance of the use of
traditional index notation for tensors in favor of a
semantically richer language of vector fields and
differential forms. But the biggest single difference is the
authors' integration of computer programming into their
explanations. By programming a computer to interpret a
formula, the student soon learns whether or not a
formula is correct. Students are led to improve their
program, and as a result improve their understanding.
This primer discusses a numerical formulation of the
theory of an elastic rod, known as a discrete elastic rod,
that was recently developed in a series of papers by
Miklós Bergou et al. Their novel formulation of discrete
elastic rods represents an exciting new method to
simulate and analyze the behavior of slender bodies that
can be modeled using an elastic rod. The formulation
has been extensively employed in computer graphics
and is highly cited. In the primer, we provide relevant
background from both discrete and classical differential
geometry so a reader familiar with classic rod theories
can appreciate, comprehend, and use Bergou et al.’s
computational efficient formulation of a nonlinear rod
theory. The level of coverage is suitable for graduate
students in mechanics and engineering sciences.
Differential Geometry of Curves and Surfaces, Second
Edition takes both an analytical/theoretical approach and
a visual/intuitive approach to the local and global
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properties of curves and surfaces. Requiring only
multivariable calculus and linear algebra, it develops
students' geometric intuition through interactive
computer graphics applets suppor
Geometry processing, or mesh processing, is a fast-
growing area of research that uses concepts from
applied mathematics, computer science, and engineering
to design efficient algorithms for the acquisition,
reconstruction, analysis, manipulation, simulation, and
transmission of complex 3D models. Applications of
geometry processing algorithms already cover a wide
range of areas from multimedia, entertainment, and
classical computer-aided design, to biomedical
computing, reverse engineering, and scientific
computing. Over the last several years, triangle meshes
have become increasingly popular, as irregular triangle
meshes have developed into a valuable alternative to
traditional spline surfaces. This book discusses the
whole geometry processing pipeline based on triangle
meshes. The pipeline starts with data input, for example,
a model acquired by 3D scanning techniques. This data
can then go through processes of error removal, mesh
creation, smoothing, conversion, morphing, and more.
The authors detail techniques for those processes using
triangle meshes. A supplemental website contains
downloads and additional information.
An exquisite visual celebration of the 2,500-year history
of geometry If you've ever thought that mathematics and
art don't mix, this stunning visual history of geometry will
change your mind. As much a work of art as a book
about mathematics, Beautiful Geometry presents more
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than sixty exquisite color plates illustrating a wide range
of geometric patterns and theorems, accompanied by
brief accounts of the fascinating history and people
behind each. With artwork by Swiss artist Eugen Jost
and text by math historian Eli Maor, this unique
celebration of geometry covers numerous subjects, from
straightedge-and-compass constructions to intriguing
configurations involving infinity. The result is a delightful
and informative illustrated tour through the 2,500-year-
old history of one of the most important branches of
mathematics.
This book provides a valuable glimpse into discrete
curvature, a rich new field of research which blends
discrete mathematics, differential geometry,
probability and computer graphics. It includes a vast
collection of ideas and tools which will offer
something new to all interested readers. Discrete
geometry has arisen as much as a theoretical
development as in response to unforeseen
challenges coming from applications. Discrete and
continuous geometries have turned out to be
intimately connected. Discrete curvature is the key
concept connecting them through many bridges in
numerous fields: metric spaces, Riemannian and
Euclidean geometries, geometric measure theory,
topology, partial differential equations, calculus of
variations, gradient flows, asymptotic analysis,
probability, harmonic analysis, graph theory, etc. In
spite of its crucial importance both in theoretical
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mathematics and in applications, up to now, almost
no books have provided a coherent outlook on this
emerging field.
Discrete Differential Geometry (DDG) is an emerging
discipline at the boundary between mathematics and
computer science. It aims to translate concepts from
classical differential geometry into a language that is
purely finite and discrete, and can hence be used by
algorithms to reason about geometric data. In
contrast to standard numerical approximation, the
central philosophy of DDG is to faithfully and exactly
preserve key invariants of geometric objects at the
discrete level. This process of translation from
smooth to discrete helps to both illuminate the
fundamental meaning behind geometric ideas and
provide useful algorithmic guarantees. This volume
is based on lectures delivered at the 2018 AMS
Short Course ``Discrete Differential Geometry,'' held
January 8-9, 2018, in San Diego, California. The
papers in this volume illustrate the principles of DDG
via several recent topics: discrete nets, discrete
differential operators, discrete mappings, discrete
conformal geometry, and discrete optimal transport.
Ideas of projective geometry keep reappearing in
seemingly unrelated fields of mathematics. The
authors' main goal in this 2005 book is to emphasize
connections between classical projective differential
geometry and contemporary mathematics and
mathematical physics. They also give results and
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proofs of classic theorems. Exercises play a
prominent role: historical and cultural comments set
the basic notions in a broader context. The book
opens by discussing the Schwarzian derivative and
its connection to the Virasoro algebra. One-
dimensional projective differential geometry features
strongly. Related topics include differential
operators, the cohomology of the group of
diffeomorphisms of the circle, and the classical four-
vertex theorem. The classical theory of projective
hypersurfaces is surveyed and related to some very
recent results and conjectures. A final chapter
considers various versions of multi-dimensional
Schwarzian derivative. In sum, here is a rapid route
for graduate students and researchers to the
frontiers of current research in this evergreen
subject.
This book constitutes the thoroughly refereed
proceedings of the 20th IAPR International
Conference on Discrete Geometry for Computer
Imagery, DGCI 2017, held in Vienna, Austria, in
September 2017. The 28 revised full papers
presented together with 3 invited talks were carefully
selected from 36 submissions. The papers are
organized in topical sections on geometric
transforms; discrete tomography; discrete modeling
and visualization; morphological analysis; discrete
shape representation, recognition and analysis;
discrete and combinatorial topology; discrete models
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and tools; models for discrete geometry.
This textbook is designed for postgraduate studies in
the field of 3D Computer Vision. It also provides a
useful reference for industrial practitioners; for
example, in the areas of 3D data capture, computer-
aided geometric modelling and industrial quality
assurance. This second edition is a significant
upgrade of existing topics with novel findings.
Additionally, it has new material covering consumer-
grade RGB-D cameras, 3D morphable models, deep
learning on 3D datasets, as well as new applications
in the 3D digitization of cultural heritage and the 3D
phenotyping of crops. Overall, the book covers three
main areas: ? 3D imaging, including passive 3D
imaging, active triangulation 3D imaging, active time-
of-flight 3D imaging, consumer RGB-D cameras, and
3D data representation and visualisation; ? 3D shape
analysis, including local descriptors, registration,
matching, 3D morphable models, and deep learning
on 3D datasets; and ? 3D applications, including 3D
face recognition, cultural heritage and 3D
phenotyping of plants. 3D computer vision is a
rapidly advancing area in computer science. There
are many real-world applications that demand high-
performance 3D imaging and analysis and, as a
result, many new techniques and commercial
products have been developed. However, many
challenges remain on how to analyse the captured
data in a way that is sufficiently fast, robust and
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accurate for the application. Such challenges include
metrology, semantic segmentation, classification and
recognition. Thus, 3D imaging, analysis and their
applications remain a highly-active research field
that will continue to attract intensive attention from
the research community with the ultimate goal of
fully automating the 3D data capture, analysis and
inference pipeline.
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