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1. INTRODUCTION

One of the most demandingreasin 3D computer graphics is the realistic reproduction of creatures of all kind.
Many different tasks in graphics pipeline work together to get thjizb done. h this master thesis the focus is

on the rigging and skinning bit. Starting from a finished model a set of tools based on Autodesk’s Maya was
developed to help amrtist' to introduce realistic skin me@ment on top of bones. The human skin is a very
complex organ and produces very different subtle effects that make or break chasatalism.

To get a production ready toghryingcriteria have to be fulfilled. Due to the complexity theoplemhas tobe
simplified. The human body has a vast verity of different muscle types and styles. Alragbke counis very

high. These muscles have to be classified and abstracted to simpler models in order to keep the system fast and
efficient. The same schemapplies to the skin itself. The connection between the skin and the underlying
tissuesis very complex andxposedoo many parameters in order to be controllable.

After simplification a Maya muscle model was developed to represent muscles inside tharmbtty build the
base for realistic skin deformation. The skin is then connected with the muscles for final deformation and
special control objects are introduced for skin propertefustment

The main goals of the system are speed, stability andbflayifor special changes. Every character presents
different challenges and therefore the system is open for changes to adapt to any tasks that may be needed.

! The wordsartist, animatoranduserare used interchangeably. They describe the user of systems to deform
characters in a visually pleasing way.
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2. RELATEWORK

Character skinning and animation is a wide area in computer graphigas approached over the years from
many researchers. But all those early attemptere not geared to usability. Smooth skinnir(@) was
introduced by Mohr and Gleicher. It is implemented in all major animation packages.tdtaytechnique is
described later in 6.3.1. Turner was the first looking on the human anatomy to create a system that is more
realistic.(2) He divided the problem in layers of fat muscles and bones. This approach is tetithfstiae art but

has evolved over time. The modeling of muscles is approximated by simple ellipsoidestirh&e is not
accurate enough to solve many motions. Scheepers triegetoerate muscles based on ellipsoids but took it
one step further by intrducing fusiform and multi belly musclg8) These muscle types are described in 5.1.

All thesetechniques were computatically expensiveand also counterintuitive for artists. Other methods like
pose spaced deformation@) and non linear binding5) gave the control back to the artist. This control is
needed in a movie production to fulfill the demands of directors and produdersther different approach to
smooth bnding was done by Yan®). He introduced a curve skeleton. A curve replaces the ordinary bone
setup to deform the character. This gives more flexibility and is easier to s&thgpmuscle setup presented

here uses the curvskeletonsidea as a base for deformation of the muscles. Further information is provided in
6.3. In order to create photo real deformations the simulation of internal structures is needed. To speed up
that process Yang created a method to generate musicépes automatically based on the skin mesh lafir.

The need of artist control is obvious. Saam and Jiang created a method to skin characters in a fast and
production friendly way8) The systenthat they created took Scheepers and Thalmans ideas from the past
and geared them to the modern production pipelirfighe muscle simulation system presented here is based on
this idea to maintain speed and user control at any stejidiethe pipeline.
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3. BIOLOGICALBCKGROUND

To understand the complexity of the problem and to take advice fnatare a brief overview of the
anatomical features of the human body considering all the different parts that make the skinisimlewing

3.1BONES

All mammals haveraendoskeleton that gives them strength and flexibility. Bones are rigid ongithseveral
tasks Bones protect inner organs, for examphe skullprotecting the brain They also givehape to the body
and supportits inner structure. A major task is theropagation of forces over longer distances to make the
body move. The production of red and white blood cells is also done mainly in the bormmmes’ internal
structure is very complex and reminiscent afthree dimensional honegomb. It consists of dight weight
materialformed by calcium phosphate. Several different structures combined fornbome. (1) (2)

Compact Bone & Spongy (Cancellous Bone)

Lacunae containing osteocytes Osteon of compact bone
Lamellae

Trabeculae of spongy

Canaliculi hone

Haversian
canal

Osteon

Periosteum

Yolkmann's canal

Figure 1 the human bone structure
3.2MUSCLES

The muscles are the contractile tissusside the body to produce motion. Three different types of muscles
move internal organs or lead to locomotion. Télkeletal musculaturés moved voluntary. This means that the
human brain controls its motion on a decision based level. Big muscle grouptrargsskeletal muscles. The
skeletal musculature is the kind of muscles that the animator is interested. It moves the body and is visible
from the outside. The two other types of muscles are non voluntary. They move inner organs like the digestive
systemand are divided irsmooth and cardiac musculatureThese muscles are important for the body to
survive but notasimportant for animationas the skeletal musculaturél) (3)

The anatomy of a muselis like the bone, a layered structure. A muscle conteast amountf fibers. These
fibers also called myofibrilscontain a protein structure called myosin and actirhosecells contract on
stimulation from nerve endingandresult inmotion.
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Figure 2 the muscle structure
3.3CONNECTIVE TISSUE

Connective tissue is a rather vague expression for all different kinds of cells and proteins that are found
between muscles and the outer skin. One kind of tissue called¢nse connective tissderms ligamets and
tendons. This can be simulated easily by the system with replacing it by virtual muscles. A rather unimportant
part for animation is theeticular connective tissu€eThis tissue provides the body with skeletal support. The
two other connective tisses are very important for 3D computer graphiéseolar connectivéissue holds the

inner organs in place and connects the muscles with the outer skin and fat layers. It mainly consists of long
protein fibers like collagen. Collagen fibers are like Igpeings inside the body to hold the skin in place. The
older the body becomes the looser these fibers get and the skin starts to get more losédipose tissue
connects the skin with the collagen fibers. It provides the skin with cushioning ag@iast movement and
lubricates the skin so it can slide on top of the musclégse tissuemust be observed in much heavier detail

to be able to archiveealism in the skinning sector of computer graph{d3(4)

Figure 3 different connective tissues



