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Motivation

Realistic human character animation
Using motion capture to generate realistic 
motion.
Modeling skin deformations for realistic 
look. 



Background – Layered Approach

First proposed by [1] for construction of 
deformable animated characters.
Applied to human figures by [5].

Currently real anatomical data obtained 
from CAT scans are used [3].

Taken from [5]






Motion Capture Data

CMU Motion Capture Database
http://mocap.cs.cmu.edu/ [2]

The skeleton file is the ASF file (Acclaim 
Skeleton File). 
The motion file is the AMC file (Acclaim Motion 
Capture data).

The AMC file contains the motion data for a skeleton 
defined by an ASF file. 
The motion data is given a sample at a time.

http://mocap.cs.cmu.edu/


ASF/AMC Samples

Taken from [2]



Skeleton Hierarchy – Rest Pose

Taken From [4]



Generating Motion

Each frame is generated by traversing the hierarchy in a 
breadth first manner.
The transformations are given in joint’s local coordinate 
system.
The order of operations applied are:

Translation is performed using the direction vector and the 
length of the joint.
The rotation that maps the global coordinate system to local 
coordinate system is applied.
The rotations of the joint are applied.
The rotation that maps the local coordinate system to global 
coordinate system is applied.
The transformation of the parent joint is applied.



Skeleton Module

The purpose of skeleton is to support the 
muscles.
The global coordinates of attachment  
points of muscles are determined using 
the skeleton.



Related Problems

The rest pose of motion capture data and 
skeleton differs.
The markers actually show the positions 
on the subjects’ skin not their skeleton.
Transformation of spine needs extra 
attention.
Resolution for hands is not sufficient.



Calibrating the Skeleton



Calibrating the Skeleton






Modeling the Muscles

Muscles are modeled using geometric primitives.
Deformations due to isotonic contractions are 
implemented.
Muscle models are inspired from [5].
Brachialis muscle, biceps brachii muscle, triceps brachii
muscle, deltoid muscle, and pectoralis muscle are 
modeled.
Three different models are used.

Fusiform muscles.
Multi-Belly muscles.
Multi-Attachment muscles.



Fusiform Muscles

Fusiform muscles are 
modeled using 
ellipsoids [5].
Brachialis muscle, 
biceps brachii muscle, 
triceps brachii muscles 
are modelled using this 
scheme.
Tendons are included.
Tendons for triceps 
brachii muscle needs 
extra attention.



Fusiform Muscle Deformation

Taken from [5]
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Multi-Belly Muscles
Used to model the deltoid muscle.
These muscles consist of several 
segments and attachment points for 
each segment are given separately.
Each segment is a fusiform muscle.
Make use of the attachment points of 
the neighboring segments to find the 
orientation of the each segment. 
The local z-axis of each segment is 
the vector from the first attachment 
point to the second. 
The y-axis is the cross-product of two 
vectors from the first points of the 
neighboring segments to the second 
point of the current segment. If the 
current one is a boundary point one 
of the vectors is the current z-axis.
The x-axis can be found by the cross 
product of the z-axis and the y-axis.



Multi-attachment Muscle
Used to model pectoralis muscle. 
The cross-section area of the muscle gets smaller as 
moved from sternum to humerus. Thus, we have used 
cones.

,where r is the base radius of the cone 
with volume v and length l.

Length is the sum of the Euclidean distances between the 
consecutive control points and the attachment points. 
The orientation of each segment is found separately. 

The z-axis of each segment is found using two 
attachment points
The x-axis is found by the cross product of the z-axis 
with the vector from the point of the joint that the 
muscle connects and its parent joint. 
The y-axis is similarly determined as the cross 
product of x and z axes. 



Conclusions and Future Work

We have constructed some of the human 
upper body muscles using some geometric 
primitives and a skeleton model which 
supports the muscles.
One of the problems is the segmented 
rotation of the spine. We have solved that 
problem by applying rotation proportional to 
the y-coordinate of the bone and made the 
rotations smoother.
The produced deformations of the muscles 
can be used to find the skin surface 
deformations by attaching a skin over the 
volume that is formed by the skeleton and the 
muscles.
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