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-----------
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Step by step...

1. From a bunch of pieces...

e one separate mesh in each “bone”
o “calf” mesh, “head” mesh, “right-forearm” mesh...

\\l,l

! ... to articulated models...
e 1 mesh for the entire character

e in each vertex, a link to a bone

71

v to articultated
¥ defomable models.

e |dea: link each vertex to >1 bones

e Transform of the vertex:

e interpolation of the trasformations
associtated to the linked bones

o weights of the interpolation: defined per-verex
e Data structures: per-vertex attributes

e store:
[ bone index , weight ] x Nmax - the
(typically, Nmax = 4 or 2, see later) . “Skinning”
— of the mesh
ver 2.0

(the real one)
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Content creation Tasks:
Rigging & Skinning (of a 30 mesh)

Rigging — authoring of a rig
defining the skeleton
(often: also of the controls
to define poses for it)

.
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E"SRASSEE"Y
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e

Skinning — authoring of the skinning

“paint” of (weighted) links

between vertices and bones
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(this story actually happened)
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= Tekken 4 - 2001
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data structure

e A Mesh with a skinning
e A per vertex attribute

e Stored per vertex:
[ bone indexd , weight ] X Nmax times
example:

Vertex 120 ——>

9 (Spine B) 0.4
13 (Chest) 0.1
15 (Shoulder Right) 0.4
16 (Forearm Right) 0.1

Skinned Mesh:

78

for each vertex

e It's a call of the Game engine!

e typical used value:
e 1 (rigid pieces) (bonus: no need to store weights)
e 2 (cheap, e.g. for mobile games)
e 4 (top quality — standard)
e more: never in games (currently)

e Can one lower Nmax ?
e yes, in preprocessing
(e.g. task for a un game tool)

e e.g.: Unity does this during skinned mesh import
(if asked)

N_max = How many bone links
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on bone links?)

(but why put an hard-bound

e Reduces performance cost

in vertex shader

e GPU = no good at control:
always uses exactly N,,,, trasf
unused bones: weight =0

e Reduces GPU RAM cost
e not only fewer data to store, but:

Nmax (index,weight) pairs

even where fewer are locally needed
(e.g. 1 bone, weight automatically 1)

es!:

e N, tranforms need be interpolated in GPU

9 (Head)

o fixed leght arrays: the only way in GPU

1.0
0.0
0.0
0.0

80

dest.
model ! pose
in rest pose |

I
Trans

c

- bonea w0 TO
@ % bone b wl T1

§ bone c w2 T2

" bone d w3 T3

a vertex Z wi=1

(in rest pose)

Skinning - how it works (in GPU)

blend T
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Skinning - how it works (in GPU)

dest. }j\ deformed
pose model

in rest pose
4 @
| p’' = T(p) A
r
n = T(n)
a vertex vertex
(in rest pose) (in dest pose)
82
GPU real time Skinning -
two variants
bone a
bone b
bone ¢
bone d
How this is done?
e linear interpolation of matrices:
“Linear Blend Skinning”
(old school, still very much used)
e quaternion based interpolation:
“Dual Quaternion Skinning”
(more complex, fewer artifacts)
83
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skinned skeletal
model animation
(assetin (asset in

GPU RAM) GPU RAM)

Real time “Skinning”
task of the rendering engine,

animated
model

done in GPU
85
Orthogonality ik
animation / models

« 4

WAV VIR

® v+ v v v

v v Vv
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3 Assets (data strcutures)

e Rig (or skeleton)
e Tree di bones (ossa)

e Y bone => reference frame (in rest pose)
(reference frame root bone = objects space)

e Skinned 3D Model

e Mesh with links: vertices => bones

e YV vertex: attributes: [ bone index , weights ] X Nmax
e Skeletal animations

e Sequence of keyframe poses

e VY pose, ¥ bone = a local transform

example of file formats (for all three):
e .SMD (Valve), .FBX (Autodesk), .BVH (Biovision)

(recap) Skeletal animations:

89
Life of Animation Assets
in a Game Engine
DISK CENTRAL RAM E GPU RAM
Local
Trarjforms UPLOAD
/
Anilr:r:la:ion IMPORT Argg}:g?n AniCr.‘nPaLtjion
— Object
|MPORT Skeleton A\\
- | Tra?:lerms
S~ Rest pose
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(Once again,
Memory Management)

DISK CENTRAL RAM | GPU RAM

Object

‘ Skeleton
File

91

Content creation Tasks:
Rigging & Skinning (of a 30 mesh)

Rigging — authoring of a rig Skinning — authoring of the skinning
defining the skeleton “paint” of (weighted) links
(often: also of the controls between vertices and bones

to define poses for it)
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Content creation Tasks:
Rigging & Skinning (of a 3p mesh)

e Rigging : \,\/fW\\ £
o define a skeleton :
(with a rest pose) ~n_~ w

rigger
e inside one mesh,
(or a set of meshes: a shared rig)

Digital modeller task!
(helped / replaced
by automatic algorithms)

-
e Skinning (of a mesh): w
e painting link vertex-bones

skinner

e Animation (of a rig)
e authoring of (skeletal) animations
¢ (More about this later)

4

Ditigal
animator
task

animator

No}
w

Skeletal animations:
authoring / obtaining them

e Manual editing
o digital animators

e help from:
IK (in animation interfaces),
physical simulations (for “secondary” animations)

e From physics simulation

e just use the right set of constraints!
(easy, in Verlet)

e in preprocessing (bake them) or
on the fly: “RAGDOLLING”

e Or...
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Skeletal animations: il
authoring / obtaining them

e Motion capture:

95

Interpolation poses

e any two poses can be interplated!

0.5 pose A
+

pose A pose B

0.5 pose B

o justinterplolate the per bone transform

¢ (note: requires recomputation of final transf
from local ones)
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Pose = keyframe

e Compress animations

animation
“run”

t=1(075A+0258)
N ,

t=2( 0.50A+0.50 B

interpolated pose
t=3( 0.25A+0.75B (on the fly)

t=5( 050B+0.50C

AN

97

Interpolation of poses (at runtime):

transition between animations

e Eg: from stance to run

animation X
“stance”

t=0 | keyframe A

t=1(075A+0.258B) deey
t=2 (/m ?rrleimation Y

t=4 (050D +050E) t=1+k
t=5( 067B+033C t=2+k
t=6(033B+067C 0.75E+0.25F) t=3+k
t=7 (050E+050F) t=4sk
(025E+075F) t=5+k
keyframe F t = 6+k
t=7+k
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Interpolation of poses (at runtime):
transition between animations

e Eg: from stance to run

animation X
“stance”

colkeamen |

t=1(075A+0.258B) o delay
t=2(050A+0508) anmation ¥

t=3 <~ 080X +020 ¥ t = 0+k
t=4 <{ 060X+ 040 Y t=1+k
t=5 < 0.40X +0.60 \;_aﬁ t=2+k
t=6 < 020X +0.80 Y)—> t=3+k
t=7 ' (050E+050F) t=ask

\/0.25 E+0.75 F\J t=5+k

-----------
---------

99

Applying poses:
Dual Quaternion Skinning

e A variant:
per-bone transforms are stored as
dual quaternion
e isometries only
e (arguably) better quality
(better interpolation)
e > GPU cost
(necessary ops: ~ +50%)

e LBS (Linear Blend Skinning) or DQS?
e a call of the game engine

-----------
---------
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Forward kinematic
VS inverse kinematic

e (in robotics)

Forward kinematics:

L) «from angles (and dists) to (x,y)»

VS

Inverse kinematics:

«from (x,y) (and dists) to angles»

102

Inverse Kinematic (IK):
an useful tool

e Forward kinematics: T belvis
o “given local transfer L LS 5 (root)
P1, P2... PN, /\ Vps\ \pz
d >
(as angles) P
where does the foot go?” 4 spine 1 left
e (one solution, trivival) Ps / 'eg
e Inverse kinematics
» “if I need the foot to be in spine 2
pos p, how to set P4 Pe
P1, P2... PN, ?” \P5\
(under constraints, right left
shoulder

e.g. DoF at joints) shoulder)| neck

e (no one solution, not trivial)

right
leg

\P7

right

calf

\ Ps

right
foot
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Inverse Kinematic (IK):
an useful tool

e Two uses:
e in preprocessing (helping the task of the animator)
¢ inreal time (done by the game engine)
(e.g. in unity: APl in scripts)
e Examples of real-time uses:
e Exact positioning of feet on ground
e Exact positioning of hand to object to be grabbed

e Hands need to be joined
(e.g. 2-handed weapon wielding)
(e.g. making the system correct for small changes in bone

lengths)
(e.g. during interpolated keyframes)
e etc.
104
Third person z& view space
view ’ V. = (TixTz2)!
= (T2)'x(T1)?
world
space | —
/T1
A
s
Y
Qo
-
camera
105

3D video games 2018/2019
Animations Part 2

2019-05-13

16



Marco Tarini - Univ Milano 2019-05-13

First person b Viewspace
view ’ v

world
space

2

- Qw«. o ( hip
I (root)
r Py P2\ \P3
torso 1 | leg
| Pa,> 9L9 R

; P
< torso 2 ' \ !
calf
R

P 10
/ /PQ\E
shouldeny (" shoulder \P11
,—fb R - foot
[‘[ = P12 R
E ‘%f head
UK . \
T2 T2
—p
camera
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Compositing poses
(» and animations)

New Pose

107
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Compositing poses
(» and animations)

also, interpolating, e.g.:

Fose A ()= 045-()+ 0.55-()
L) “]‘ ) » bacin cin
:‘%Z p:‘ \Wu ’ ‘”p:“ Y, w M‘:y
e o -

\O,
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Compositing poses
(» and animations)

e Useful in different contexts:

e e.g. different character parts following different ani
(e.g. lower body: run. Upper body:
aims/shoots/reload)

e Note:
requires updating the final transformations

o (after changing the local ones)

e Implementation note (Unity):
e Unity does this with “Layers” in Animation
Controller

Layer = a mask:
which bones are driven by this animation?
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