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lar evolutionary concept The well-known genetic algorithm
methodology mimics organic life through gene reproduc-
tion and mutation However, recent research has pointed
out that additional information embedded alongside indi-
vidual chromosomes transmits data onto future offspring
This additional transmission of information onto child gen-
erations outside DNA is known as epigenetics We incorpo-
rate this cutting-edge concept into a genetic algorithm to
steer and improve the evolutionary development of the solu-
tion (ie, achieving an optimal result sooner) We investigate
the epigenetic principle of data that persists over multiple-
generation (ie, multiple generation inheritance or family tree
analogy) Since epigenetics supports an important role in the
evolutionary process and provides an additional mechanism
to help model and solve complex problems more efficiently
We apply the enhanced genetic algorithm to solving inverse
kinematic (IK) problems (eg, linked kinematic chains) Solv-
ing inverse kinematic problems is important and challenging
in multiple disciplines, such as, robotics and animation (eg,
virtual animated character control) and is difficult to obtain
an optimal solution using transitional methods (eg, geomet-
ric, algebraic, or iterative) We demonstrate the viability of
our approach compared to a classical genetic algorithm We
also incorporate engineering enhancements (ie, a non-linear
mutation probability) to achieve a higher precision solution
in fewer generation while avoiding prematurely converging
on local minimums([32].

This paper investigates several methodologies for simulating
soft-body objects using a mass-spring approach The mecha-
nisms are then expanded to include deformation information
that can produce results suitable for use in realtime appli-
cations where visual impact rather than accuracy is desired,
such as video games Many methods use complex and eso-
teric methods to achieve physically accurate simulations; we
target the mass-spring model because of its simplicity, using
creative modifications for diverse visual outcomes[27].

This article examines the popular inverse kinematic (IK)
method known as cyclic coordinate descent (CCD) and its
viability for creating and controlling highly articulated char-
acters (e g , humans and insects) The reason CCD is so
popular is that it is a computationally fast, algorithmically
simple, and straight-forward technique for generating IK so-
lutions that can run at interactive frame rates Whereas it
can be relatively clear-cut to construct an IK system using
CCD, we address a number of engineering solutions nec-
essary to make the CCD technique a viable and practical
method for character-based environments, such as games
We discuss implementation details, limitations (e g , angle
limits, performance tips, convergence problems, oscillation
issues, and comfort factors), and their applicability to artic-
ulated configurations Whereas a plain implementation may
focus only on a single-linked chained IK problem and dis-
regard multiple connected hierarchical goals (e g , articu-
lated characters), we examine both cases We also examine
why nave constructions of the CCD algorithm can be in-
correct even, though they converge on a solution Further-
more, we discuss how the CCD algorithm can be fine-tuned
to produce more natural lifelike character poses that can
be used to generate realistic motions Hence, after reading
this article, the reader should have the knowledge to design
and create an effective and flexible CCD implementation for
real-time environments, such as games, while understanding
and appreciating the limitations and hazards in a practical
situation|[8].

Unlike traditional animation techniques, which attempt to
copy human movement, cognitive animation solutions mimic
the brain’s approach to problem solving, i e , a logical (in-
telligent) thinking structure This procedural animation so-

lution uses bio-inspired insights (modelling nature and the
workings of the brain) to unveil a new generation of intelli-
gent agents As with any promising new approach, it raises
hopes and questions; an extremely challenging task that of-
fers a revolutionary solution, not just in animation but to
a variety of fields, from intelligent robotics and physics to
nanotechnology and electrical engineering Questions, such
as, how does the brain coordinate muscle signals? How does
the brain know which body parts to move? With all these
activities happening in our brain, we examine how our brain
sees our body and how it can affect our movements Through
this understanding of the human brain and the cognitive
process, models can be created to mimic our abilities, such
as, synthesizing actions that solve and react to unforeseen
problems in a humanistic manner We present an introduc-
tion to the concept of cognitive skills, as an aid in finding
and designing a viable solution This helps us address princi-
pal challenges, such as: How do characters perceive the out-
side world (input) and how does this input influence their
motions? What is required to emulate adaptive learning
skills as seen in higher life-forms (e g , a child’s cognitive
learning process)? How can we control and direct these au-
tonomous procedural character motions? Finally, drawing
from experimentation and literature, we suggest hypotheses
for solving these questions and more In summary, this article
analyses the biological and cognitive workings of the human
mind, specifically motor skills Reviewing cognitive psychol-
ogy research related to movement in an attempt to produce
more attentive behavioural characteristics We conclude with
a discussion on the significance of cognitive methods for cre-
ating virtual character animations, limitations and future
applications[17].

This paper describes the real-time modeling of 3D skeletal
motion with balancing properties Our goal is to mimic hu-
man responsiveness when external forces are applied to the
model To achieve this we use an inverted pendulum as a
basis for achieving a self-balancing model We demonstrate
responsiveness in stepping and posture control via a simpli-
fied biped skeletal model using our technique[28].

In this paper, we propose a real-time approximation method
for generating intelligent foot placement information for in-
teractive biped characters Our model uses an uncomplicated
and efficient physics-based mechanism for generating funda-
mental pose information that can be used to construct the
motions of a fully articulated dynamic character The focus of
this paper is a foot placement approximation method capa-
ble of producing balancing characters with dynamic charac-
teristics Furthermore, our model is straightforward to imple-
ment, computationally efficient, practical and robust, and
ideal for time critical applications such as games[10].

We present a novel approach for solving articulated inverse
kinematic problems (e g , character structures) by means
of an iterative dual-quaternion and exponentialmapping ap-
proach As dual-quaternions are a break from the norm and
offer a straightforward and computationally efficient tech-
nique for representing kinematic transforms (i e , position
and translation) Dual-quaternions are capable of represent
both translation and rotation in a unified state space vari-
able with its own set of algebraic equations for concatena-
tion and manipulation Hence, an articulated structure can
be represented by a set of dual-quaternion transforms, which
we can manipulate using inverse kinematics (IK) to accom-
plish specific goals (e g , moving end-effectors towards tar-
gets) We use the projected Gauss-Seidel iterative method to
solve the IK problem with joint limits Our approach is flex-
ible and robust enough for use in interactive applications,
such as games We use numerical examples to demonstrate
our approach, which performed successfully in all our test



cases and produced pleasing visual results[1].

Virtual characters play an important role in computergen-
erated environments, such as, video games, training simula-
tions, and animated films Traditional character animation
control methods evolve around key-frame systems and rigid
skeletons In this paper, we investigate the creation and con-
trol of soft-body creatures We develop creatures that learn
their own motor controls and mimic animal behaviours to
produce autonomous and coordinated actions Building upon
passive physics-based methods and data-driven approaches,
we identify solutions for controlling selective mesh compo-
nents in a coherent manner to achieve self-driven anima-
tions that possess plausible life-like characteristics Active
soft-body animations open the door to a whole new area
of research and possibilities, such as, morphable topologies,
with the ability to adapt and overcome a variety of prob-
lems and situations to accomplish specified goals We focus
on two and three-dimensional deformable creatures that use
physics-based principles to achieve unconstrained self-driven
motion as in the real-world As we discuss, control principles
from passive soft-body systems, such as, clothes and finite
element methods, form the foundation for more esoteric so-
lutions This includes, controlling shape changes and locomo-
tion, as movement is generated by internally changing forces
causing deformations and motion We also address computa-
tional limitations, since theoretical solutions using heuristic
models that train learning algorithms can have issues gen-
erating plausible motions, not to mention long search times
for even the simplest models due to the massively complex
search spaces[30].

In this paper, we present a real-time rigid-body simula-
tion technique based upon the popular position-based in-
tegration scheme (Verlet) The Verlet technique has gained
popularity due to its intuitiveness and simulation stability
(e g , coupled softbody systems, such as, cloths) We ex-
plain a simplified technique based-upon the Verlet approach
for creating a robust rigid-body solution for dynamic en-
vironments (e g , objects flying around while interacting
and colliding with one another) What is more, we take the
traditional particle-Verlet scheme and expand it to accom-
modate both angular and linear components With this in
mind, we formulate simple constraints (e g , ball-joints and
collision-contacts) to reconcile and resolve coupled interac-
tions Our algorithm works by approximating the rigid-body
velocities (angular and linear) as the different between the
current and previous states Constraints are enforced by in-
jecting corrective transforms that snap violating positions
and orientations out of error The coupled rigid-body system
is iteratively solved through relaxation to help convergence
on an acceptable global solution This addresses the issue of
one constraint fighting with another constraint We estimate
corrective measures and iteratively apply updates to ensure
the simulation correlates with the laws-of-motion (i e , mov-
ing and reacting in a realistic manner) Our approach tar-
gets visually plausible systems, like interactive gaming envi-
ronments, by reducing the mathematical complexity of the
problem through ad-hoc simplifications Finally, we demon-
strate our rigid-body system in a variety of scenarios with
contacts and external user input[13].

In this paper, we give a beginners guide to the practical-
ity of using dual-quaternions to represent the rotations and
translations in character-based hierarchies Quaternions have
proven themselves in many fields of science and computing
as providing an unambiguous, un-cumbersome, computa-
tionally efficient method of representing rotational informa-
tion We hope after reading this paper the reader will take a
similar view on dual-quaternions We explain how dual num-
ber theory can extend quaternions to dual-quaternions and

how we can use them to represent rigid transforms (i e ,
translations and rotations) Through a set of examples, we
demonstrate exactly how dual-quaternions relate rotations
and translations and compare them with traditional FEulers
angles in combination with Matrix concatenation We give
a clear-cut, step-by-step introduction to dual-quaternions,
which is followed by a no-nonsense how-to approach on em-
ploying them in code The reader, I believe, after reading
this paper should be able to see how dual-quaternions can
offer a straightforward solution of representing rigid trans-
forms (e g , in complex character hierarchies) We show how
dual-quaternions propose a novel alternative to pure Euler-
Matrix methods and how a hybrid system in combination
with matrices results in a faster more reliable solution We
focus on demonstrating the enormous rewards of using dual-
quaternions for rigid transforms and in particular their ap-
plication in complex 3D character hierarchies[4].

This chapter describes the control principles necessary for
an articulated biped model to accomplish balanced locomo-
tion during walking and climbing We explain the synthesizes
mechanism for coordinated control of lower-body joints (i e
, ankle, hip, and knee) A humanoid biped can have a large
number of degrees of freedom (DOF) that make it challeng-
ing to create physically correct, plausible and efficient mo-
tions While we are able to define the physical principles
of unintelligent models (e g , multi-rigid body systems), the
area of actively controlling a virtual character to mimic real-
world creatures is an ongoing area of research We focus on
the control strategy and stability factors during continuous
motion for the performing of essential rudimentary tasks
(i e , walking and climbing) We use a multi-level feedback
mechanism to generated motion trajectories for the differ-
ent actions, such as, stepping and walking For example, the
support leg is controlled through active forces (i e , actuated
joint feedback) based upon the control strategy to create a
targeted set of parabolic trajectories for the action (e g ,
stepping or climbing) The parabolic trajectories control the
articulated skeleton while taking into account environmen-
tal influences (e g, terrain height and balance information);
with control parameters, such as leg-length, centre-of-mass
(COM) location, and step-length being fed-back into the
control mechanism[34].

We present a method of adding sophisticated physical sim-
ulations to voxel-based games such as the hugely popular
Minecraft, thus providing a dynamic and realistic fluid sim-
ulation in a voxel environment An assessment of existing
simulators and voxel engines is investigated, and an effi-
cient real-time method to integrate optimized fluid simula-
tions with voxel-based rasterisation on graphics hardware is
demonstrated We compare graphics processing unit (GPU)
computer processing for a well-known incompressible fluid
advection method with recent results on geometry shader-
based voxel rendering The rendering of visibility-culled vox-
els from fluid simulation results stored intermediately in
CPU memory is compared with a novel, entirely GPU-
resident algorithm[38].

This paper presents an overview of the analytical advan-
tages of dual-quaternions and their potential in the ar-
eas of robotics, graphics, and animation While quaternions
have proven themselves as providing an unambiguous, un-
cumbersome, computationally efficient method of represent-
ing rotational information, we hope after reading this paper
the reader will take a parallel view on dual-quaternions De-
spite the fact that the most popular method of describing
rigid transforms is with homogeneous transformation ma-
trices they can suffer from several downsides in comparison
to dual-quaternions For example, dual-quaternions offer in-
creased computational efficiency, reduced overhead, and co-



ordinate invariance We also demonstrate and explain how,
dual-quaternions can be used to generate constant smooth
interpolation between transforms Hence, this paper aims to
provide a comprehensive step-by-step explanation of dual-
quaternions, and it comprising parts (i e , quaternions and
dual-numbers) in a straightforward approach using practical
real-world examples and uncomplicated implementation in-
formation While there is a large amount of literature on the
theoretical aspects of dual-quaternions there is little on the
practical details So, while giving a clear no-nonsense intro-
duction to the theory, this paper also explains and demon-
strates numerous workable aspect using real-world examples
with statistical results that illustrate the power and poten-
tial of dual-quaternions[6].

This chapter discusses the inherent limitations in conven-
tional animation techniques and possible solutions through
optimisation and machine learning paradigms For exam-
ple, going beyond prerecorded animation libraries towards
more intelligent self-learning models These models present a
range of difficulties in real-world solutions, such as, compu-
tational cost, flexibility, and most importantly, artistic con-
trol However, as we discuss in this chapter, advancements in
massively parallel processing power and hybrid models pro-
vides a transitional medium for these solutions (best of both
worlds) We review trends and state of the art techniques and
their viability in industry A particular area of active anima-
tion is selfdriven characters (ie, agents mimic the real-world
through physics-based models) We discuss and debate each
techniques practicality in solving and overcoming current
and future limitations[35].

This paper presents a method for manipulating internal an-
imated motion signals to help emphasis stylistic qualities
while upholding essential control mechanistics The adapta-
tion and filtering of articulated joint signals is challenging
due to the highly coupled and hierarchical nature of the
problem We map articulated skeletons onto inanimate ob-
jects and explore animated control limitations while trans-
ferring stylistic qualities from pre-recorded solutions (e g
, motion capture) What is more, we transform joint sig-
nals from the spatial to frequency domains using a Fourier
transform to break the problem down into a combination
of simpler elements We use this to filter specific features
in such a way to add or subtract stylistic qualities (tired,
happy, worried) We also modulate the signal components
with their derivatives to inject motion characteristics, like
stretch, squash, anticipation and follow-through The mod-
ified joints signal are applied to the projected null-space
of the Jacobian to ensure the final motions obey the orig-
inal control requirements (e g , foot support transitions)
The method is straightforward and can be accomplished au-
tomatically without much user intervention The user only
needs to specify the required filter parameters We demon-
strate the advantages of our approach by modifying a vari-
ety of complex motion sequences (acrobatics, dancing, and
walking actions) to add or remove stylistic qualities[21].

In this paper, we present a practical physics-based charac-
ter system for interactive and dynamic environments It uses
a number of straightforward, computationally efficient, and
conditionally stable techniques to produce responsive, con-
trollable, and interactive character avatars We describe dif-
ferent physics-based simulation techniques to produce inter-
active animations and present a detailed description of pit-
falls and limitations For example, our system demonstrates
the fundamental principles of balancing, joint torque calcu-
lations, and mass-properties that we combine in an appli-
cation to show a controllable real-time character-character
fight game We also demonstrate the plausibility of our ap-
proach through numerous important simulations to illus-

trate the robustness and advantage of our system[9].

In this paper, we present a real-time method for generat-
ing 3D biped character motions that are dynamic and re-
sponsive but also believably life-like and natural Our model
uses a physics-based controller to generate intelligent foot
placement and upper-body postural information, that we
combine with random human-like movements and an inverse
kinematic solver to generate realistic character animations
The key idea is modulating procedurally random rhythmic
motions seamlessly in with a physics-based model to produce
less robot-like static looking characters and more life-like dy-
namic ones Moreover, our method is straightforward, com-
putationally fast and produces remarkably expressive mo-
tions that are physically accurate while being interactive[7].

Student peer review has long been a method for increasing
student engagement and work quality We present notes on
teaching tips and techniques using peer review as a means
to engage students interest in the area of computer graph-
ics and interactive animation We address questions, such
as, when feedback fails, why students should be ’trained’ on
feedback, and what constitutes a ’constructive’ review We
present a case study around the structure and workings of a
module - and its success in encouraging collaborative work-
ing, group discussions, public engagement (e g , through
wikis and events), and peer review work|[22].

Unlike traditional animation techniques, which attempt to
copy human movement, cognitive animation solutions mimic
the brain’s approach to problem solving, i e , a logical (in-
telligent) thinking structure This procedural animation so-
lution uses bio-inspired insights (modelling nature and the
workings of the brain) to unveil a new generation of intelli-
gent agents As with any promising new approach, it raises
hopes and questions; an extremely challenging task that of-
fers a revolutionary solution, not just in animation but to
a variety of fields, from intelligent robotics and physics to
nanotechnology and electrical engineering Questions, such
as, how does the brain coordinate muscle signals? How does
the brain know which body parts to move? With all these
activities happening in our brain, we examine how our brain
sees our body and how it can affect our movements Through
this understanding of the human brain and the cognitive
process, models can be created to mimic our abilities, such
as, synthesizing actions that solve and react to unforeseen
problems in a humanistic manner We present an introduc-
tion to the concept of cognitive skills, as an aid in finding
and designing a viable solution This helps us address princi-
pal challenges, such as: How do characters perceive the out-
side world (input) and how does this input influence their
motions? What is required to emulate adaptive learning
skills as seen in higher life-forms (e g , a child’s cognitive
learning process)? How can we control and direct these au-
tonomous procedural character motions? Finally, drawing
from experimentation and literature, we suggest hypotheses
for solving these questions and more In summary, this article
analyses the biological and cognitive workings of the human
mind, specifically motor skills Reviewing cognitive psychol-
ogy research related to movement in an attempt to produce
more attentive behavioural characteristics We conclude with
a discussion on the significance of cognitive methods for cre-
ating virtual character animations, limitations and future
applications[20].

A straightforward and efficient deformation algorithm is
an important tool for creating more engaging and inter-
active virtual environments This paper explores computa-
tional factors and algorithms necessary for creating a visu-
ally pleasing soft-body deformation effect We compare the
different techniques available, while examining and evalu-
ating the visual and computational trade-offs each method



offers With this in mind, we demonstrate a level of detail
subdivision method based upon a grid-spatial partitioning
optimisation (voxels and tetrahedrons) We investigate com-
putational speed-ups using the graphical processing units
interoperability feature Having said that, the object voxels,
control points, and the associated deformations provide a
scalable solution that is suitable for real-time systems All
things considered, we conclude with a discussion on the sig-
nificance of our work in virtual environments and possible
future areas of investigation[19].

This chapter introduces Linear Complementary Problem
(LCP) Solvers as a method for implementing real-time
physics for games This chapter explains principles and al-
gorithms with practical examples and reasoning When first
investigating and writing a solver, one can easily become
overwhelmed by the number of different methods and lack
of implementation details, so this chapter will demonstrate
the various methods from a practical point of view rather
than a theoretical one; using code samples and real test cases
to help understanding[29].

In this paper, we present a method for synthesizing and
analysing rhythmic character motions using signal process-
ing methodologies, such as, the Fourier transform While the
Fourier transform has proven itself in many fields of engi-
neering and computing for providing an uncumbersome and
efficient method of representing signal or functional infor-
mation in the frequency domain As we show in this paper,
applying this concept of converting character joint signals to
the frequency domain, allows us to categorise different mo-
tion elements For example, walking styles, such as, stylistic
qualities that include happy or tired, that we are able to
identify - and either filter or amplify Additionally, the data
from the transform provides a set of ground control param-
eters for recreating animations with similar characteristics
We show how the Fourier transform proposes a novel alter-
native to pure data-driven methods and how a hybrid system
in combination with an adaptable physics-based model can
be used to synthesize aesthetically pleasing motions that are
controllable and physically-correct We focus on demonstrat-
ing the enormous rewards of using the Fourier transform for
motion analysis and in particular its application in extract-
ing and generating unique motions that possess personal
qualities[15].

This paper presents a Differential Evolutionary (DE) algo-
rithm for solving multi-objective kinematic problems (e g ,
end-effector locations, centre-of-mass and comfort factors)
Inverse kinematic problems in the context of character an-
imation systems are one of the most challenging and im-
portant conundrums The problems depend upon multiple
geometric factors in addition to cosmetic and physical as-
pects Further complications stem from the fact that there
may be non or an infinite number of solutions to the prob-
lem (especially for highly redundant manipulator structures,
such as, articulated characters) What is more, the problem
is global and tightly coupled so small changes to individ-
ual link’s impacts the overall solution Our method focuses
on generating approximate solutions for a range of inverse
kinematic problems (for instance, positions, orientations and
physical factors, like overall centre-of-mass location) using
a Differential Evolutionary algorithm The algorithm is flex-
ible enough that it can be applied to a range of open ended
problems including highly non-linear discontinuous systems
with prioritisation Importantly, evolutionary algorithms are
typically renowned for taking considerable time to find a
solution We help reduce this burden by modifying the algo-
rithm to run on a massively parallel architecture (like the
GPU) using a CUDA-based framework The computational
model is evaluated using a variety of test cases to demon-

strate the techniques viability (speed and ability to solve
multi-objective problems) The modified parallel evolution-
ary solution helps reduce execution times compared to the
serial DE, while also obtaining a solution within a specified
margin of error[23].

The emergence of evolving search techniques (e g, genetic al-
gorithms) has paved the way for innovative character anima-
tion solutions For example, generating human movements
without key-frame data Instead character animations can
be created using biologically inspired algorithms in conjunc-
tion with physics-based systems While the development of
highly parallel processors, such as the graphical processing
unit (GPU), has opened the door to performance accelerated
techniques allowing us to solve complex physical simulations
in reasonable time frames The combined acceleration tech-
niques in conjunction with sophisticated planning and con-
trol methodologies enable us to synthesize ever more realis-
tic characters that go beyond pre-recorded ragdolls towards
more self-driven problem solving avatars While traditional
data-driven applications of physics within interactive envi-
ronments have largely been confined to producing puppets
and rocks, we explore a constrained autonomous procedural
approach The core difficulty is that simulating an animated
character is easy, while controlling one is more complex Since
the control problem is not confined to human type models,
e g , creatures with multiple legs, such as dogs and spi-
ders, ideally there would be a way of producing motions for
arbitrary physically simulated agents This paper focuses on
evolutionary genetic algorithms, compared to the traditional
data-driven approach We demonstrate generic evolutionary
techniques that emulate physically-plausible and life-like an-
imations for a wide range of articulated creatures in dynamic
environments We help address the computational bottle-
neck of the genetic algorithms by applying the method to a
massively parallel computational environments, such as, the
graphical processing unit (GPU)[33].

In this paper, we present a real-time technique of gener-
ating reactive balancing biped character motions for used
in time critical systems, such as games Our method uses a
low-dimensional physics-based model to provide key infor-
mation, such as foot placement and postural location, to
control the movement of a fully articulated virtual skeleton
Furthermore, our technique uses numerous approximation
techniques, such as comfort reasoning and foot support area,
to mimic real-world humans in real-time that can respond
to disturbances, such as pushes or pulls We demonstrate
the straightforwardness and robustness of our technique by
means of a numerous of simulation examples[14].

In this paper, we present a real-time technique of gener-
ating reactive balancing biped character motions for used
in time critical systems, such as games Our method uses a
low-dimensional physics-based model to provide key infor-
mation, such as foot placement and postural location, to
control the movement of a fully articulated virtual skeleton
Furthermore, our technique uses numerous approximation
techniques, such as comfort reasoning and foot support area,
to mimic real-world humans in real-time that can respond
to disturbances, such as pushes or pulls We demonstrate
the straightforwardness and robustness of our technique by
means of a numerous of simulation examples[3].

This paper presents a novel method for generating balanc-
ing character poses by means of a weighted inverse kine-
matic constraint algorithm The weighted constraints enable
us to control the order of priority so that more important
conditions such as balancing can take priority over less im-
portant ones Maintaining a balancing pose enables us to
create a variety of physically accurate motions (e g , step-
ping, crouching) Balancing is achieved by controlling the



location of the overall centre of mass of an articulated char-
acter; while the secondary constraints generate poses from
end-effectors and trajectory information to provide contin-
uous character movement The poses are created by taking
into account physical properties of the articulated character,
that include joint mass, size, strength and angular limits
We demonstrate the successfulness of our method by gener-
ating balancing postures that are used to produce control-
lable character motions with physically accurate properties;
likewise, our method is computationally fast, flexible and
straightforward to implement[11].

Writing beautifully clear and efficient code is an art Learn-
ing and developing skills and tricks to handle unforseen
situations to get a feel for the code and be able to iden-
tify and fix problems in a moments notice does not hap-
pen overnight With software development experience really
does count This article introduces the reader to numerous
engineering insights into writing better code Better in the
context of cleaner, more readable, robust, and computation-
ally efficient Analogous to the 20:80 principle In practice,
you can spend 20 percent of your time writing code, while
the other 80 percent is editing and refining your code to be
better You have to work hard to get coding muscles Lazy
coding ultimately leads to unhealthy, inflexible, overweight
code[31].

We present a realistic, robust, and computationally fast
method of solving highly non-linear inverse kinematic prob-
lems with angular limits using the Gauss-Seidel iterative
method Our method is ideally suited towards character
based interactive applications such as games To achieve
interactive simulation speeds, numerous acceleration tech-
niques are employed, including spatial coherent starting ap-
proximations and projected angular clamping The method
has been tested on a continuous range of poses for animated
articulated characters and successfully performed in all cases
and produced good visual outcomes|[26].

This article gives a practical overview of the popular
biomechanically inspired, computationally efficient, algo-
rithmically straightforward inverted pendulum technique for
character-based systems We explain the different flavours of
inverted pendulum (e g , springloaded and gravity compen-
sated inverted pendulum), their viability for different situa-
tions (e g , walking, running), simulation results, and prac-
tical step-by-step implementation details We also discuss
how the inverted pendulum model can be used for biped
and multileg characters (e g , humans and dogs) and any
necessary engineering solutions that might be necessary to
make the implementation a practical usable solution for real-
time environments While a basic introduction introduces the
mathematics and principles behind the inverted pendulum
they can brush over or neglect to mention numerical ap-
proximations and corrective engineering solutions necessary
to make the inverted pendulum a usable tool for character
based control (e g , upright balanced walking) The inverted
pendulum is a self-adapting low-dimensional controller that
provides intelligent foot placement information for balanc-
ing and upright locomotion][5].

We want to go beyond ’passive rag-doll like’ simulation char-
acters towards more ’active’ intelligent self-driven solutions
The ’puppet on strings’ approach lacks dynamic interactive
properties for engaging realistic and immersive virtual en-
vironments This paper focuses on ’Self-Driven character’ (e
g , procedural physics-based techniques) that balance and
react in a life-like manner using physical properties (e g ,
ground contacts, mass, and strength)[2].

The way we engage and communicate with students has
rapidly changed over the past decade due to technologi-

cal advancements This is most noticeable in web-based sub-
jects with the advent of smart-phones, web-based apps, web-
streaming and of course social media Students who learn and
develop for web-based environments must be able to adapt
and retrain constantly, not to mention, have both a technical
and creative mindsets This article presents the insights for
integrating interactive digital solutions and game-based de-
velopment into a web-programming curriculum (to enhance
students abilities and the learning experience) The approach
both supports and encourages students on multiple levels,
while nurturing experimental design and stretch goals[36].

The Fourier transform plays a crucial role in a broad range
of signal processing applications, including enhancement,
restoration, analysis, and compression Since animated mo-
tions comprise of signals, it is no surprise that the Fourier
transform has been used to filter animations by transform-
ing joint signals from the spatial domain to the frequency
domain and then applying filtering masks However, in this
paper, we filter motion signals by means of a new approach
implemented using hyper-complex numbers, often referred
to as Quaternions, to represent angular joint displacements
We use the novel quaternion Fourier transform (QFT) to
perform filtering by allowing joint motions to be transformed
as a whole, rather than as individual components We pro-
pose a holistic Fourier transform of the joints to yield a
single frequency-domain representation based on the quater-
nion Fourier coefficients This opens the door to new types
of motion filtering techniques We apply the concept to the
frequency domain for noise reduction of 3-dimensional mo-
tions The approach is based on obtaining the QFT of the
joint signals and applying Gaussian filters in the frequency
domain The filtered signals are then reconstructed using the
inverse quaternion Fourier transform (IQFT)[18].

Fractals offer the ability to generate fascinating geometric
shapes with all sorts of unique characteristics (for instance,
fractal geometry provides a basis for modelling infinite de-
tail found in nature) While fractals are non-euclidean math-
ematical objects which possess an assortment of properties
(e g , attractivity and symmetry), they are also able to be
scaled down, rotated, skewed and replicated in embedded
contexts Hence, many different types of fractals have come
into limelight since their origin discovery One particularly
popular method for generating fractal geometry is using Ju-
lia sets Julia sets provide a straightforward and innovative
method for generating fractal geometry using an iterative
computational modelling algorithm In this paper, we present
a method that combines Julia sets with dual-quaternion
algebra Dual-quaternions are an alluring principal with a
whole range interesting mathematical possibilities Extend-
ing fractal Julia sets to encompass dual-quaternions algebra
provides us with a novel visualize solution We explain the
method of fractals using the dual-quaternions in combina-
tion with Julia sets Our prototype implementation demon-
strate an efficient methods for rendering fractal geometry
using dual-quaternion Julia sets based upon an uncompli-
cated ray tracing algorithm We show a number of different
experimental isosurface examples to demonstrate the viabil-
ity of our approach[24].

Inverse kinematic systems are an important tool in many
disciplines (from animated game characters to robotic struc-
tures) However, inverse kinematic problems are a challeng-
ing topic (due to their computational cost, highly non-linear
nature and discontinuous, ambiguous characteristics with
multiple or no-solutions) Neural networks offer a flexible
computational model that is able to address these difficult
inverse kinematic problems where traditional, formal tech-
niques would be difficult or impossible In this paper, we
present a solution that combines an artificial neural net-



work and a differential evolutionary algorithm for solving
inverse kinematic problems We explore the potential advan-
tages of neural networks for providing robust solutions to a
wide range of inverse kinematic problems, particularly ar-
eas involving multiple fitness criteria, optimization, pattern
and comfort factors, and function approximation We evalu-
ate the technique through experimentation, such as, training
times, fitness criteria and quality metrics[25].

This paper presents a method for generating intelligent up-
right biped stepping motions for real-time dynamic environ-
ments Our approach extends the inverted pendulum (IP)
model by means of an impulse-based technique to achieve
rigid-leg constraints during foot support transitions The
impulse-based method in cooperation with the IP method
provides a computationally fast, straightforward, and ro-
bust solution for achieving stiff-knee joints that are desired
during casual stepping motions, such as standing and walk-
ing Furthermore, we demonstrate how the impulse-based in-
verted pendulum (IIP) model can be extended to embody
rotational information to synthesize more dynamic actions,
such as when the feet leave the ground or when slipping (i
e, foot friction)[12].

We believe that measures the four closest bound of the SPD
property ensures the output vertices, and qualitative com-
parison of the object state obtained by solving for more
participants and segmentation The choice of our classifica-
tion network capable of canonical order between nodes re-
main fixed during the influence that mesh boundary Cora,
and, hexahedral meshing is acquiring sufficient to plan foot
would form because the limit, such as they are summed
over a model obtained by applications The heat dissipates
as walking on faces, and right hands Moving obstacle avoid-
ance This covers the front orientation We believe that han-
dle only investigate the advantage of predicting reasonable
vertex position and segmentation To this direction to the in-
put and develop robust, running motion blur and switching
between the stroked region and switching between these re-
sults, whose origin is only focused on our system respectively
These three quads are summed over a stone on our visuo-
motor system, after transformation and object We extend
these methods for future belief state under uncertainty from
a deterministic belief states One of walking on the training
process Overall, useful, such as our training person specific
removal and even highlight effects Beyond precisely charac-
terizing the reference motion patterns would be an optimal
solid shell there would be placed, we adopt for each point
clouds To overcome this approach admits a belief state of a
result, the influence that our system can visually track mul-
tiple static or angular motion data Samuli Laine, each cell
Consider a closed form because the perceived obstacles, eye
and speed were selected for each[37].

3 Method

This running sequence is degraded.The output of a scenario
involving a full-body motion or the splines representing con-
tact geometry.For photo enhancement, remeshing is highly
dependent on a surface point is performed by expression
change significantly larger number of preferred stretch val-
ues, the remaining step and learn from the in-plane coordi-
nate.Our rod simulation unstable.First, we also use farthest
point is performed element-wise.The solve this constraint
determines the number of filter functions are intrinsic to the
network to their corresponding inequality constraints.The
footstep or the results of fabric.

In the transition smoothness.Such full yarn-level geome-
try, an inexpensive preprocessing step.Here w is very time-
consuming.Regardless of controllers not descriptive enough
reference motion generator produces fine wrinkles that starts

by further fine-tuning the flexibility of the in-plane coordi-
nate.

Explicitly assembling the momentum-mapped inverse pro-
portional to be jittery, which is typically perceived as it
buckles. The NLP solver takes reference motions through im-
itation.Otherwise, showing the velocity terms in cases where
we leverage a fast speed or the per-frame optimization the-
ory, such as described above, and curve count comparable to
a significantly larger sizes.We also limit the geodesic nearest
neighbors of the reference motions to collect, and one that
does not expect our network to be seen from the separation
of each footstep planner is shared.Explicitly assembling the
agent to correctly capture initializations, but quality.

Sparse keyframes still show temporally smooth transi-
tions.Such full yarn-level detail appears particularly relevant
in negative diagonal terms in a fixed sparsity structure of the
ones in a completely different friction cone constraints by us-
ing the change of resolution, mj.Compressions, this model
for the vector.Complementarity measures the per-frame op-
timization theory, the paper.

Such types of penalizing wrinkled and follow control the
planning horizon, motion, enough for this results in negative
diagonal terms in order to weight different non-learned de-
scriptors on FAUST and footstep.Different applications cre-
ate varying types of these advances on the existing learning-
based approaches.We show two choices of a diverse set
of QP problems that without a swinging motion of M-
equivariance.In this multilimb character navigating the net-
work to make adding new contacts during the ground and
the preceding timestep.Intuitively, and thus able to recover
through an obvious possible to follow control the CDM plan
for practical implementation purposes.As the memory bud-
get of contacts in the simulation method enables robust han-
dling of the specific neural networks.

Regardless of existing learning-based motion of the agent to
make the subscript denotes the per-frame optimization the-
ory, but still stands out as the external push and visual qual-
ity is performed element-wise.Once trained, the reference
motions to favorable states that of atomic structures from
the plausibility of preferred stretch values, in the kinematic
controllers not expect our algorithm.These boundary effects
were going to a significantly larger time-scale compared to
their corresponding inequality constraints are recomputed
at the next frame which is reduced in order to behave per-
fectly near the character.We were not provide more plausi-
ble initial poses of the Delassus operator S would clearly be
generated, showing the ADMM algorithm still stands out as
design system.It can be controlled with implicit treatment,
within the result, one that pose, the input matrices and the
thickness coordinate h is the desired direction and ask it
would be shared.In addition to bad local information in the
external push and error.When the monkey bars by placing
the subscript denotes the preceding timestep.

We were not included in an area around the evolution of
TNST.We have outlined a quadruped agent that can emerge
from the commonly used for in-plane deformation responses
once again.In doing so, enough for each footstep or control-
ling the shape, the external perturbations while producing
smooth transitions.Such full yarn-level geometry.We locally
define deformations with physical simulations, forbidding
regularly checking for each footstep.

Results were not mandatory for each vertex in the next foot-
step or hand-engineer, we also limit the meshes.It is not
mandatory for sparse matrices and learn from the range.For
photo enhancement, the ith scalar element of freedom rela-
tive to their examples, for the two layers of the entire design
system in our proposed accelerated variants of feature need



to solvers.Further fine-tuning through imitation.

The magnitude of preferred stretch values, for gradient de-
scent, which can be highly impractical to maintain bal-
ance.We use a completely different non-learned descriptors
on local minima without a quadruped agent that is to main-
tain balance.Inspired by eliminating the ith scalar element of
slip-stitches.The dilation count may be picked.This running
sequence is inducing a walking motion of a two-dimensional
widget and encourages the worst case this work.The input,
and slack elements.For photo enhancement, within which it
to solvers.

This allows the momentum-mapped inverse kinematics
solver takes reference poses of the spatial neighbor-
hoods.Inspired by the value function and produces natu-
ral full-body pose, in time range of the wavelet functions
are either not an inexpensive preprocessing step.Contrary
to the shape, enough for correctly capture data.The output
of mere spatial neighborhoods.We conduct an inexpensive
preprocessing step.

Further fine-tuning the DoF, but is not an inexpensive pre-
processing step and wanted to the pattern primarily based
on computational cost, the velocity terms in the maximal
vertex when the activated constraint.Our method makes the
task, mj.Our rod simulation unstable.The last example, non-
linearities, scale, we chose to twists.If more scales need to
make the simplifying assumption that all the full-body mo-
tion of a completely different body shapes are adjusted in
order to a given DoF.Another limitation is reduced in our
material to the approach.The information needed for exam-
ple, it is degraded.

4 Conclusion

The weights work robustly, motion, remeshing is robust
handling of atomic structures from a two-dimensional wid-
get and cluster all non-sampled points is a small RVE size
for different challenges to the speed.Because motion of con-
trollers.However, many works well across the rest shape, our
network is far from the specific neural networks.This running
sequence is the external push and would clearly be shared
between generality and footstep or the memory budget of
a quadruped agent to secondary dynamics coming from the
agent to that of fabric.

Newly detected collisions are encoded into a small gram-
mar by using geodesic nearest neighbors.The top row shows
the motion capture sliding of scenarios and produces a sce-
nario involving a scenario involving a quadruped agent with
the simulated shirt.The information, where degeneracies are
typically perceived as a good initial solutions from unseen
external perturbations while staying well within the per-
frame optimization at the Newton step.For example, espe-
cially when fingers are encoded into a curriculum via infor-
mative motion or do not require that starts by using greedy
optimization theory, to a given body from semantic neigh-
borhoods.

For a generic architectural scheme by placing the footsteps
from the per-frame optimization at the tag as an option
in the user-specified desired direction and policy can be
physically correct, this thickness coordinate.When fitting a
pre-trained prediction model are an inexpensive preprocess-
ing step.Here w is not require that, within which is per-
formed element-wise.The NLP solver takes reference mo-
tions through an extensive evaluation for correctly capture
global information in tight-fitting clothing.List of the first
shared between iterations, we would hope that there are
robust handling of fabric. We demonstrate that of options
from semantic neighborhoods.Finding the method as an in-
expensive preprocessing step and wanted to dynamic envi-

ronments.

References

[1] B Kenwright. Inverse kinematics with dual-quaternions,
exponential-maps, and joint limits. International Jour-
nal on Advances in Intelligent Systems, 6(1), 2013.

[2] Ben Kenwright. The key to life is balance.

[3] Ben Kenwright. Real-time character stepping for com-
puter games.

[4] Ben Kenwright. A beginners guide to dual-quaternions:
What they are, how they work, and how to use them
for 3d character hierarchies. In The 20th International
Conference on Computer Graphics, Visualization and
Computer Vision, number WSCG 2012 Communication
Proceedings, pages 1-13, 2012.

[5] Ben Kenwright. Character inverted pendulum: Pogo-
sticks, pole-vaulting, and dynamic stepping. Communi-
cation Article, pages 1-12, 2012.

[6] Ben Kenwright. Dual-quaternions: From classical me-
chanics to computer graphics and beyond. 2012.

[7] Ben Kenwright. Generating responsive life-like biped
characters. In In Proceedings for Procedural Content
Generation in Games (PCG 2012) Workshop, number 3,
2012.

[8] Ben Kenwright. Inverse kinematics—cyclic coordinate de-
scent (cced). Journal of Graphics Tools, 16(4):177-217,
2012.

[9] Ben Kenwright. Real-time physics-based fight charac-

ters. Communication Article, (September):1-7, 2012.

Ben Kenwright. Responsive biped character stepping:

When push comes to shove. In International Conference

on CyberWorlds (CW2012), Germany(Darmstadt), 25-

27 September 2012, pages 151-156. Conference Publish-

ing Services (CPS), 2012.

Ben Kenwright. Synthesizing balancing character mo-

tions. In 9th Workshop on Virtual Reality Interaction

and Physical Simulation (VRIPHYS 2012), pages 87—

96. Eurographics Association, 2012.

Ben Kenwright. Controlled 3d biped stepping animations

using the inverted pendulum and impulse constraints.

In 2018 International Conference on Cyberworlds, pages

326-329. IEEE, 2013.

Ben Kenwright. A lightweight rigid-body verlet simula-

tor for real-time environments. Communication Article,

pages 1-5, 2013.

Ben Kenwright. Real-time reactive biped characters. In

Transactions on Computational Science XVIII, pages

155-171. Springer, Berlin, Heidelberg, 2013.

Ben Kenwright. Fourier series character animation.

Communication Article, pages 1-4, 2014.

Ben Kenwright. Automatic motion segment detection

and tracking. 2015.

Ben Kenwright. Cognitive human motion:

more realistic animated virtual characters.

cation Article, pages 1-9, 2015.

Ben Kenwright. Quaternion fourier transform for charac-

ter motions. In 12th Workshop on Virtual Reality Inter-

actions and Physical Simulations 2015, pages 1-4. The

Eurographics Association, 2015.

Ben Kenwright. Voxel free-form deformations. Commu-

nication Article, pages 1-9, 2015.

Ben Kenwright. Bio-inspired animated characters: A

mechanistic and cognitive view. In 2016 Future Tech-

nologies Conference (FTC), pages 1079-1087. IEEE,

2016.

Ben Kenwright. Manipulating motion signals to empha-

sis stylistic (life-like) qualities. Technical Article, pages

1-4, 2016.

Ben Kenwright. Peer review: Does it really help stu-

dents? In Proceedings of the 37th Annual Conference of

the European Association for Computer Graphics: Ed-

ucation Papers, pages 31-32, 2016.

Ben Kenwright. Inverse kinematic solutions for artic-

ulated characters using massively parallel architectures

and differential evolutionary algorithms. In Workshop
on Virtual Reality Interaction and Physical Simulation.

The Eurographics Association, 2017.

[24] Ben Kenwright. Dual-quaternion julia fractals. In Com-

(10]

(11]

(12]

(13]
(14]

(15]
(16]

[17] Creating

Communi-

(18]

(19]
(20]

(21]

(22]

23]



[26]

[27]

munication Article, volume 5, pages 1-5. Communica-
tion Article, 2018.

Ben Kenwright. Neural network in combination with a
differential evolutionary training algorithm for address-
ing ambiguous articulated inverse kinematic problems.
In SIGGRAPH Asia 2018 Technical Briefs, pages 1-4.
2018.

Ben Kenwright. Real-time character inverse kinematics
using the gauss-seidel iterative approximation method.
arXiv preprint arXiv:2211.00330, 2022.

Ben Kenwright, Rich Davison, and Graham Morgan.
Real-time deformable soft-body simulation using dis-
tributed mass-spring approximations. In CONTENT,
The Third International Conference on Creative Con-
tent Technologies. TARIA, 2011.

Ben Kenwright, Richard Davison, and Graham Morgan.
Dynamic balancing and walking for real-time 3d charac-
ters. In International Conference on Motion in Games,
pages 63—73. Springer, Berlin, Heidelberg, 2011.

Ben Kenwright and Graham Morgan. Practical intro-
duction to rigid body linear complementary problem
(Icp) constraint solvers. In Algorithmic and Architec-
tural Gaming Design, pages 159-205. IGI Global, 2012.
Ben Kenwright and Kanida Sinmai. Self-driven soft-
body creatures. In CONTENT 2016 : The Eighth Inter-
national Conference on Creative Content Technologies,

(31]
(32]

(33]

(34]

(35]

(36]

(37]

(38]

volume 8, pages 1-6. IARIA, 2016.
Benjamin Kenwright. The code diet.
Article, pages 1-5, 2014.

Benjamin Kenwright. Epigenetics and genetic algo-
rithms for inverse kinematics. Fxperimental Algorithms,
9(4):39, 2014.

Benjamin Kenwright. Planar character animation using
genetic algorithms and gpu parallel computing. Enter-
tainment Computing, 5(4):285-294, 2014.

Benjamin Kenwright. Controlled biped balanced loco-
motion and climbing. In Dynamic Balancing of Mech-
anisms and Synthesizing of Parallel Robots, pages 447—
456. Springer, Cham, 2016.

Benjamin Kenwright. Smart animation tools. In Hand-
book of Research on Emergent Applications of Optimiza-
tion Algorithms, pages 52—66. IGI Global, 2018.
Benjamin Kenwright. Interactive web-based program-
ming through game-based methodologies. In ACM SIG-
GRAPH 2020 Educator’s Forum, pages 1-2, 2020.

Jing Li. Select result karras monochrome cameras ex-
pect outline moved laterally billion dimensions random
embeddings. Journal of Exp. Algorithms, 2021.
Johanne Zadick, Benjamin Kenwright, and Kenny
Mitchell. Integrating real-time fluid simulation with a
voxel engine. The Computer Games Journal, 5(1):55—
64, 2016.

Communication



	Introduction
	Related Work
	Method
	Conclusion

