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ARnRouncements

Calendar update and late policy clarifications
posted to the website:

Everyone should have access to WeH 5336
and be able to login to the cluster
- If not, contact Stefan or myself immediately




Tleday’s Overview

Hierarchical Models
Forward Kinematics

nverse Kinematics

Rendering Articulated Models
Soft-Skinning

Character Animation Intro




Human Character Models

A common theme In many action and
adventure, sports, RPG puzzle, and fighting
video games

ot
s 20 -
Tomb Raider 3 (Eidos Interactive) The Legend of Zelda (Nintendo) Final Fantasy V11 (SquareSoft)




Articulated Models

Body Parts (“Links”) : Torso, Thigh, Upper Arm
Joints . Elbow, Wrist, Knee, ...
DOF (*Degrees of Freedom”) :

JOINTS

Forearm







representing "Poses” of Articulated
Figures ; Forward inernatics

; ics” (arrangermnent of joinis)
of 2 chara cier does not cnange

fjoint angles regresenting
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Attaichn reference frarme to each link
[t Is convenlent If tne link geormneiry
origin corresgornds to Jis rotator)
ceriter

The *forward Kineratics” maps joint
angles to world coordinates oy
cnalining relative transforrmations
peiweern adjacent links
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Inverse «r

Important Issues:
Existence of solutions
Multiplicity of solutions
Efficiency / Accuracy

Solution Types:
Closed-Forrm (Algeoraic)
MNurnerical (lterative)
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Rendering Articulated Cnaraciers
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Cood fexilure maps car rmage ¢
differerice In overall appeararice

welgrited] Iriter pol aiti orn
of veriex posiiions

according to proxrrity

{0 rezr oy nores et Joini

-

|zosurface ruscle models
(hand rmodel ny Criris Lancdretn)
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Single File Texiure M

Image from: http://www.bprince.com/
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Texture Map Ternplates for

-
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NvTrisSirip Tool :
Groups triangles into sirips for rendering
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Heal-tirne r{&‘E listic

Acdvar
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reate rmore detallacd arnd
realisiic ligniing and
e iure

supsurface sgatter]ng
rmoclels grod '
sxin texiures

Flowever, too rnucr
atiernpied rezlism is a
counle-edged sword.
Users are picky!)
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tylized Rendering
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“Toon” sneacder
(example: Nintendo’s Zelda Windwelier)
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Cartoon Snading as Texiure Map

Apoly snading as 1D texiure rmeap

u=N-L
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Snacling Var
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Soft-SkKinning”

welgrited 'r lterpolation of veriex
poslitions ac rrIJrJJ to prosimity o
nea; O/ nones at joint

—~

— simple and cneap to complte

/

— widely used In games

— now supported on GPU nardware
Isosurfaces for rmuscle models

— still au difficult researcn proplerrn
Datta-crivern Skin Anlrmetlon
(recent CVIU paper spout this

snowrn or later slides)
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verte positior
determined by
ootn upper and
lower arrn bones
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*Rigging” a Cnay

Define “bones” (Kinermaitic “skeletal” neirarcriy)
Menuzlly or autornzaiically assign veriex welgnis
for soft sKinning
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Inverse «r

Important Issues:
Existence of solutions
Multiplicity of solutions
Efficiency / Accuracy

Solution Types:
Closed-Forrm (Algeoraic)
MNurnerical (lterative)
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exarnple : 2-link planar arrn
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L terget polnt in the 2D plane, solve for
Joint angles required to rezcn inat goirit.
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Solution Metnods

Closed-form (Alyeoraic)
+ fast

-+ Usually finds all solutions
- not generel

Numerical (lierailve)

-+ general solutiorn

- slow

()

- Usually cannot find all possioble solutions
- answer typically depends on initial guess

~ -
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[terative Solution
Use constralned optlrmizailon
[terate on tne Jacoolarn:

X = F (q) The dervaiive of the forward

vinernetic rmao vields the

ﬂX — J ( Q)ﬂ Jecopian, wnicn is efunciior)
_ q of the currerit corifigurzetion.

The Jacoplan expresses tne relzijonsrip neiweer)
Crenges i caries)an SJJE e (fneworrspece) and
Mges || Jolnt space (cornfiguretion space)
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“Natural” Hurnan 1

Arm and wrist

posture are

decoupled!
g = -40+1.0R+0.90y
b = 39.4+0.54R- 1.06y
h = 13.2+0.86¢c +0.1ly
a = -10.0+1.08c- 0.3
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Arrn Posiure

e = error vector
J(Q) = 6x7 Jacobian

q = joint angles

N = null spaceof J

e=J(q)q
g=0, /N
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Updating Cnaracier Kinernsaiics Fasier

Laternion vs. 3D Transforrmetion Matrices

!
For rotation cornpositiorn:
Quzit/Vec oalr 1s more efficient (also smaller daita to
siore: /rlorlu vs 12 floats for rairices)
For polnt/vector transformation:
Matrices are more efficlernt
Fhe Ustal praciice:
Use quaternions when cormoosing long sequences
of rotations

— Convert to nomogeneous transformation mairices in
orcler to transform lots of poinis / vectors [ iriangles
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Representing l\/lorlors Ol
r .‘L .

Curves Inire jolnt space

Parts DOF
L| 19 68
H| 51| 118
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Flow 1o Animate your Ch
(the rnain topic of ine nexi leciure)

f rlrule vrlluea over tirnes
o rmotlon of the cnaracter

Verying |
e

jolrn
procuces i

ed artisis pose the cnaracier at irmportarit

— Imre oolation schnermne Is Used to generate the
intermecliate frarnes

PIAAR Uses T oJrJ/ eyt frarmecd anirnzions,
flowever recently rme/ Izl e uxd orysic IH/
pased simulations for clotn, nair, naidrzl
orienornernz, NDlel r1use ¢ fmngLp.

arnes typically use Jots of motion
lzitar, particularly sporis garmes
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Cal3D Chnaracier Anirnation Liprary
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