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1. INTRODUCTION 

One of the most demanding areas in 3D computer graphics is the realistic reproduction of creatures of all kind. 

Many different tasks in a graphics pipeline work together to get this job done. In 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 an artist
1
 to introduce realistic skin movement on top of bones. The human skin is a very 

complex organ and produces very different subtle effects that make or break character`s realism. 

To get a production ready tool varying criteria have to be fulfilled. Due to the complexity the problem has to be 

simplified. The human body has a vast verity of different muscle types and styles. Also the muscle count is very 

high. These muscles have to be classified and abstracted to simpler models in order to keep the system fast and 

efficient. The same scheme applies to the skin itself. The connection between the skin and the underlying 

tissues is very complex and exposes too many parameters in order to be controllable.  

After simplification a Maya muscle model was developed to represent muscles inside the body and to 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 properties adjustment.  

The main goals of the system are speed, stability and flexibility for special changes. Every character presents 

different challenges and therefore the system is open for changes to adapt to any tasks that may be needed.  

 

 

 

 

 

 

 

 

 

  

                                                                 

1
 The words artist, animator and user are used interchangeably. They describe the user of systems to deform 

characters in a visually pleasing way. 
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2. RELATED WORK 

Character skinning and animation is a wide area in computer graphics. It was approached over the years from 

many researchers. But all those early attempts were not geared to usability. Smooth skinning (1) was 

introduced by Mohr and Gleicher. It is implemented in all major animation packages today. The technique 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 still state of the art but 

has evolved over time. The modeling of muscles is approximated by simple ellipsoids. This estimate is not 

accurate enough to solve many motions. Scheepers tried to generate muscles based on ellipsoids but took it 

one step further by introducing fusiform and multi belly muscles. (3) These muscle types are described in 5.1. 

All these techniques were computationally expensive and also counterintuitive for artists. Other methods like 

pose spaced deformations (4) and non linear binding (5) gave the control back to the artist. This control is 

needed in a movie production to fulfill the demands of directors and producers. Another different approach to 

smooth binding was done by Yang (5). He introduced a curve skeleton. A curve replaces the ordinary bone 

setup to deform the character. This gives more flexibility and is easier to set up. The muscle setup presented 

here uses the curve skeletoǹs idea 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 muscle shapes automatically based on the skin mesh layer. (7) 

The need of artist control is obvious. Saam and Jiang created a method to skin characters in a fast and 

production friendly way.(8) The system that they created took Scheepers and Thalmans ideas from the past 

and geared them to the modern production pipeline. The muscle simulation system presented here is based on 

this idea to maintain speed and user control at any step inside the pipeline. 
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3. BIOLOGICAL BACKGROUND 

To understand the complexity of the problem and to take advice from nature a brief overview of the 

anatomical features of the human body considering all the different parts that make the skin move is following. 

3.1 BONES 

All mammals have an endoskeleton that gives them strength and flexibility. Bones are rigid organs with several 

tasks. Bones protect inner organs, for example the skull protecting the brain. They also give shape to the body 

and support its inner structure. A major task is the propagation of forces over longer distances to make the 

body move. The production of red and white blood cells is also done mainly in the bones. A bones` internal 

structure is very complex and reminiscent of a three dimensional honey-comb. It consists of a light weight 

material formed by calcium phosphate. Several different structures combined form the bone. (1) (2) 

 

Figure 1 the human bone structure 

3.2 MUSCLES 

The muscles are the contractile tissue inside the body to produce motion. Three different types of muscles 

move internal organs or lead to locomotion. The skeletal musculature is moved voluntary. This means that the 

human brain controls its motion on a decision based level. Big muscle groups are always skeletal 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 

system and are divided in smooth and cardiac musculature. These muscles are important for the body to 

survive but not as important for animation as the skeletal musculature. (1) (3) 

The anatomy of a muscle is like the bone, a layered structure. A muscle contains vast amounts of fibers. These 

fibers, also called myofibrils, contain a protein structure called myosin and actin. Those cells contract on 

stimulation from nerve endings and result in motion. 
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Figure 2 the muscle structure 

3.3 CONNECTIVE 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 the dense connective tissue forms ligaments and 

tendons. This can be simulated easily by the system with replacing it by virtual muscles. A rather unimportant 

part for animation is the reticular connective tissue. This tissue provides the body with skeletal support. The 

two other connective tissues are very important for 3D computer graphics. Areolar connective tissue 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 little springs 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 lose, too. Adipose tissue 

connects the skin with the collagen fibers. It provides the skin with cushioning against heavy movement and 

lubricates the skin so it can slide on top of the muscles. These tissues must be observed in much heavier detail 

to be able to archive realism in the skinning sector of computer graphics. (1) (4) 

 

Figure 3 different connective tissues 

 


