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AnnouncementsAnnouncementsAnnouncements

Calendar update and late policy clarifications Calendar update and late policy clarifications 
posted to the website:posted to the website:
http://gamedev.cs.cmu.edu/spring2007/http://gamedev.cs.cmu.edu/spring2007/

Everyone should have access to Everyone should have access to WeHWeH 53365336
and be able to login to the clusterand be able to login to the cluster

-- if not, contact Stefan or myself immediatelyif not, contact Stefan or myself immediately
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Today’s OverviewTodayToday’’ s Overviews Overview

�� Hierarchical ModelsHierarchical Models

�� Forward KinematicsForward Kinematics

�� Inverse KinematicsInverse Kinematics

�� Rendering Articulated ModelsRendering Articulated Models

�� SoftSoft--SkinningSkinning

�� Character Animation IntroCharacter Animation Intro
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Human Character ModelsHuman Character ModelsHuman Character Models

�� A common theme in many action and A common theme in many action and 
adventure, sports, RPG puzzle, and fighting adventure, sports, RPG puzzle, and fighting 
video gamesvideo games

Tomb Raider 3 (Eidos Interactive) Final Fantasy VIII (SquareSoft)The Legend of Zelda (Nintendo)
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Articulated ModelsArticulated ModelsArticulated Models

�� Body Parts (Body Parts (““LinksLinks””) :  ) :  Torso, Thigh, Upper ArmTorso, Thigh, Upper Arm

�� Joints :  Joints :  Elbow, Wrist, Knee,Elbow, Wrist, Knee,……

�� DOF (DOF (““Degrees of FreedomDegrees of Freedom””) : ) : 
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Use Tree Structure to Represent Kinematic 
Heirarchy

Use Tree Structure to Represent Kinematic Use Tree Structure to Represent Kinematic 
HeirarchyHeirarchy
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Representing “Poses” of Articulated 
Figures : Forward Kinematics

Representing Representing ““PosesPoses”” of Articulated of Articulated 
Figures : Forward KinematicsFigures : Forward Kinematics

�� ““KinematicsKinematics”” (arrangement of joints) (arrangement of joints) 
of a character does not changeof a character does not change

�� Q Q :  vector of joint angles representing :  vector of joint angles representing 
a single posea single pose

�� Attach reference frame to each linkAttach reference frame to each link

�� It is convenient if the link geometry It is convenient if the link geometry 
origin corresponds to its rotation origin corresponds to its rotation 
centercenter

�� The The ““forward kinematicsforward kinematics”” maps joint maps joint 
angles to world coordinates by angles to world coordinates by 
chaining relative transformations chaining relative transformations 
between adjacent linksbetween adjacent links
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Inverse Kinematics (IK)Inverse Kinematics (IK)Inverse Kinematics (IK)

Compute target body posture from a position and 
orientation in space

Important Issues:Important Issues:
�� Existence of solutionsExistence of solutions

�� Multiplicity of solutionsMultiplicity of solutions

�� Efficiency / AccuracyEfficiency / Accuracy

Solution Types:Solution Types:
�� ClosedClosed--Form (Algebraic)Form (Algebraic)

�� Numerical (Iterative)Numerical (Iterative)
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Rendering Articulated CharactersRendering Articulated CharactersRendering Articulated Characters

�� Good texture maps can make a huge Good texture maps can make a huge 
difference in overall appearancedifference in overall appearance

�� Blended vertex deformations (a.k.a. Blended vertex deformations (a.k.a. ““softsoft--
skinningskinning””) hides joint artifacts) hides joint artifacts

weighted interpolationweighted interpolation
of vertex positions of vertex positions 

according to proximity according to proximity 
to nearby bones at jointto nearby bones at joint

IsosurfaceIsosurface muscle models muscle models 
(hand model by Chris (hand model by Chris LandrethLandreth))
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Single File Texture Maps for CharactersSingle File Texture Maps for CharactersSingle File Texture Maps for Characters

Note how places with detail 
(such as the face) utilize many 
more pixels in the texture map

Image from:  http://www.bprince.com/
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Texture Map Templates for a CharacterTexture Map Templates for a CharacterTexture Map Templates for a Character

http://blog.daniel-lim.co.uk/2006/06/17/masterclass-project/
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NvTriStrip Tool :
Groups triangles into strips for rendering

NvTriStripNvTriStrip Tool :Tool :
Groups triangles into strips for renderingGroups triangles into strips for rendering
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Real-time Realistic Appearance Models:
Advanced Shading Techniques

RealReal--time Realistic Appearance Models:time Realistic Appearance Models:
Advanced Shading TechniquesAdvanced Shading Techniques

�� GPU hardware used to GPU hardware used to 
create more detailed and create more detailed and 
realistic lighting and realistic lighting and 
texturetexture

�� Subsurface scattering Subsurface scattering 
models produce realistic models produce realistic 
skin texturesskin textures

�� However, too much However, too much 
attempted realism is a attempted realism is a 
doubledouble--edged sword.edged sword.
(users are picky!)(users are picky!)

ATI skin ATI skin shadershader
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Realistic vs. Stylized RenderingRealistic vs. Stylized RenderingRealistic vs. Stylized Rendering

�� ““ToonToon”” shadershader
((example:example: NintendoNintendo’’s Zelda s Zelda WindwakerWindwaker) ) 

http://www.unlimitedgamer.net/coverage/windwaker/images/zelda_windwaker_walls_009.jpg
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Cartoon Shading as Texture MapCartoon Shading as Texture MapCartoon Shading as Texture Map

�� Apply shading as 1D texture mapApply shading as 1D texture map

u=N·L

[ Carl Marshall 2000 ]
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Shading VariationsShading VariationsShading Variations

Flat shading Shadow Shadow + highlight



15-466 Computer Game Programming,  Carnegie Mellon University,  Spring 2007  (James Kuffner)

“Soft-Skinning”““SoftSoft--SkinningSkinning””

�� weighted interpolation of vertex weighted interpolation of vertex 
positions according to proximity to positions according to proximity to 
nearby bones at jointnearby bones at joint
–– simple and cheap to computesimple and cheap to compute

–– widely used in gameswidely used in games

–– now supported on GPU hardwarenow supported on GPU hardware

�� IsosurfacesIsosurfaces for muscle modelsfor muscle models
–– hot new topichot new topic

–– still a difficult research problemstill a difficult research problem

�� DataData--driven Skin Animationdriven Skin Animation
(recent CMU paper about this(recent CMU paper about this

shown on later slides)shown on later slides)

vertex position vertex position 
determined by determined by 
both upper and both upper and 
lower arm boneslower arm bones



15-466 Computer Game Programming,  Carnegie Mellon University,  Spring 2007  (James Kuffner)

“Rigging” a Character Model““RiggingRigging”” a Character Modela Character Model

�� Define Define ““bonesbones”” ((kinematickinematic ““skeletalskeletal”” heirarchyheirarchy))

�� Manually or automatically assign vertex weights Manually or automatically assign vertex weights 
for soft skinningfor soft skinning
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Inverse Kinematics (IK)Inverse Kinematics (IK)Inverse Kinematics (IK)

Compute target body posture from a position and 
orientation in space

Important Issues:Important Issues:
�� Existence of solutionsExistence of solutions

�� Multiplicity of solutionsMultiplicity of solutions

�� Efficiency / AccuracyEfficiency / Accuracy

Solution Types:Solution Types:
�� ClosedClosed--Form (Algebraic)Form (Algebraic)

�� Numerical (Iterative)Numerical (Iterative)
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Example : 2-link planar armExample : 2Example : 2--link planar armlink planar arm

�� Given a target point in the 2D plane, solve for Given a target point in the 2D plane, solve for 
the joint angles required to reach that point.the joint angles required to reach that point.
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Solution MethodsSolution MethodsSolution Methods
�� ClosedClosed--formform (Algebraic)(Algebraic)

++ fastfast
++ usually finds all solutionsusually finds all solutions
-- not generalnot general

�� NumericalNumerical (Iterative)(Iterative)
++ general solutiongeneral solution
-- slowslow
-- usually cannot find all possible solutionsusually cannot find all possible solutions
-- answer typically depends on initial guessanswer typically depends on initial guess

In general, IK solutions typically involve 
nonlinear / transcendental equations
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Iterative SolutionIterative SolutionIterative Solution

�� Use constrained optimizationUse constrained optimization

�� Iterate on the Iterate on the JacobianJacobian::

qqJx

qFx

¶=¶

=

)(

)( The The dervativedervative of the forward of the forward 
kinematic map yields the kinematic map yields the 
JacobianJacobian, which is a function , which is a function 
of the current configuration.of the current configuration.

The The JacobianJacobian expresses the relationship between expresses the relationship between 
changes in changes in cartesiancartesian space (the workspace) and space (the workspace) and 
changes in the joint space (configuration space)changes in the joint space (configuration space)
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““NaturalNatural”” Human IKHuman IK
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Sensorimotor transformation 
model   ( Soechting & Flanders ‘86, 
Soechting ‘89,  Kondo ‘93 )

Arm and wrist 
posture are 
decoupled!
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Arm Posture Final AdjustmentArm Posture Final Adjustment
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� Use constrained optimization 
to correct small position errors
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Updating Character Kinematics FasterUpdating Character Kinematics FasterUpdating Character Kinematics Faster

�� Quaternion  vs.  3D Transformation MatricesQuaternion  vs.  3D Transformation Matrices
For rotation composition:For rotation composition:

Quat/VecQuat/Vec pair is more efficient (also smaller data to pair is more efficient (also smaller data to 
store: 7 floats  store: 7 floats  vsvs 12 floats for matrices)12 floats for matrices)

For point/vector transformation:For point/vector transformation:
Matrices are more efficientMatrices are more efficient

�� The usual practice:The usual practice:
–– Use Use quaternionsquaternions when composing long sequences when composing long sequences 

of rotationsof rotations
–– Convert to homogeneous transformation matrices in Convert to homogeneous transformation matrices in 

order to transform lots of points / vectors / trianglesorder to transform lots of points / vectors / triangles
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Representing Motions of
Articulated Figures

Representing Motions ofRepresenting Motions of
Articulated FiguresArticulated Figures
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�� Curves in the joint spaceCurves in the joint space
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How to Animate your Character?How to Animate your Character?
(the main topic of the next lecture)(the main topic of the next lecture)

�� Varying joint angle values over times Varying joint angle values over times 
produces the motion of the characterproduces the motion of the character

�� KeyframedKeyframed Animations :Animations :
–– Talented artists pose the character at important Talented artists pose the character at important 

framesframes
–– Interpolation scheme is used to generate the Interpolation scheme is used to generate the 

intermediate framesintermediate frames

�� PIXAR uses mostly PIXAR uses mostly keyframedkeyframed animations, animations, 
however recently they have used physicallyhowever recently they have used physically
based simulations for cloth, hair, natural based simulations for cloth, hair, natural 
phenomena.  Not much use of phenomena.  Not much use of mocapmocap.  .  

�� Recent games typically use lots of motionRecent games typically use lots of motion
capture data, particularly sports gamescapture data, particularly sports games
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Cal3D Character Animation LibraryCal3D Character Animation LibraryCal3D Character Animation Library


