Tenghao Wang

Senior Character Technical Artist at Santa Monica Studio
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Graduated from Carnegie Mellon University,
Entertainment Technology Center
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Joined Activision Blizzard,
Worked on Infinity Warfare
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Joined Visual Concept,
Worked on ZK18, 2K19 and 2K20
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Joint-Based Skin
Deformationin

God of War Ragnarok

Tenghao Wang
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Joint Based Muscle Deformatio

¢ Helper Joints

GDC 2005: Helper Joints: Advanced Deformation

on Runtime Characters by Jason Parks

o« Skinning Decomposition and
RBF Driver

Dem-Bones or Skinning Converter in Houdini
RBF Solver

uuuuuuuuu

Automatic Creation of Helper Joints with Skinning Decomposition and RBF
By Chad Vernon




Muscle Simulation ith /IVORT

Physically Based Muscle & Costume Deformations | | 4 Non-Physically Based

© 2023 MARVEL




Muscle Simulation with PSD

GOD®WAR @
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NOT ACTUAL SCALES



Muscle Joint Group




Muscle Properties

e Curvefiber structure, start - end

» Volume preservation

* Dynamics




Muscle Joint Group

Use aim constraints to simulate muscle
attachments

Use point constraints to simulate muscl
e movement

Use set driven key to simulate muscl
e bulges and correct deformation

Constraints and SDK are supported in-eng
ne

MUuUSC
MUSC
MUuSC
MUuSC

e origin and muscle insertion
e base and muscle tip

e driver

e skinned joint

L
= o: testMuscle_muscleTip

- testMuscle_muscleBase_aimConstraint1



Overview of the Joint-Based Muscle RIQ

Rig Parameters
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Bioed Muscle Template

Muscle Joint Group Muscle Component

@classmethod

def createFromAttachObjs( , muscleName, originAttachObj, insertionAttachObj, slese Upperimiliuseles  Bpediiselen)

: - def ( , name='upperArmMuscles', side='Left"',
compressionkFactor=1.0, . .
upperArmJoint=None, lowerArmJoint=None,
stretchFactor=1.0, . . . .
upperArmTwistJoint=None, lowerArmTwistJoint=None,
stretchOffset=None, . . . .
. ) scapulaJoint=None, inferiorAngleJoint=None):
compressionOffset=None): .
o super (UpperArmMuscles, ). ( HEIER =side)
Args:
muscleName (str): the name of the muscle 257 el ):
originAttachObj (str): the name of the immobile bone : _ : : o : : :
T e R ] (TS i e oA A Fee .bicep = MuscleJoint.createFromAttachObjs( = {0}?1cep .formzt(T . £§1Qei,
compressionFactor (float): ratio of muscle compression N .uppir rmAw1$ .Oig . ¢
stretchFactor (float): ratio of muscle stretch _é - S AU DL L
stretchOffset Llist(float, float, float): L 5_ I
offset vector when muscle group is stretched ~ é é J@ 07)
compressionOffset List(float, float, float): =le.0, ©6.0]
offset vector when muscle group 1s compressed
.tricep = MuscleJoint.createFromAttachObjs( ='{0}Tricep’'.format( .side),
def edit( ): = .scapulaloint,
"""Enter the edit mode""" = - lowerArmJoint,
def update( ): =0.5,
',,','App[_y the ed,itsllll” =1’5J
. ' =[0.0, 0.90])

if _name_ == " _main__ ':

muscleGroup = MuscleJoint.createFromAttachObjs('leftBicep"',
"LeftUpperArmlTwistO"',
'"LeftLowerArmlTwistO’,
=0.5,
=1.5)

# apply edits to muscle group
muscleGroup.update()

# enter edit mode
muscleGroup.edit()




- Edit Create Select Modify Display Windows Skeleton Skin Deform Constrain Control Cache BonusTools Help B e ———— ]

, A » P ~ _ __ File Edit History Command Help
» | | > |7 obeas . | T amE . s Fu’ B =L qE » b o =
Polygons_User TURTLE ‘TenghaoShelf XGen

currentTime 0 ;

- Curves / Surfaces Poly Modeling Sculpting Rigging Animation Rendering FX FX Caching Custom Arnold

L3 ~ - 3 S o . —— o4 [ b <d C— . ' —e- o-[-0 ; . N o—O-0 (2 ; ; -
N @ Sl !-E{ iJ-"n B D!! & - e s 3 6 'S &5 N et % e Oy < enn s @ | @" select -r JoLeftLowerArml ;
ol ..k pycharn sublime / Nl e fes HSW || " cped 0 T prof  Hist ’ ¥ &% VN \1,: ™ m BN i B A’ $ &8 T S Cso m | 4 rotate -r -os —-fo -59.97327 0 0 ;
// Undo: rotate -r -os -fo -59.97327 0 0 //
""""" View Shading Lighting Show Renderer Panels select -r int9 kratos Hi ;

sets —e —forceElement initialShadingGroup;

// Result: initialShadingGroup //

// Undo: hypersShade -assign lambertl //

// Undo: select -r int9 kratos_Hi //

" // Undo: select -r JOLeftLowerArml //

// Undo: currentTime //

// Undo:

~ muscleGroup.update() //

-~ // Undo: move -r -os -wd 0 0 0.0115726 //

// Undo: move -r -os -wd 0 -0.0505312 0 //

' // Undo: select -r leftBicep muscleInsertion loc //

. // Undo: move -r -os -wd 0 0.0379068 0 //

// Undo: move -r -os -wd 0 0 -0.0319379 //

. // Undo: select -r leftBicep muscleOrigin loc //

// Undo: select -cl1 //

// Undo: muscleGroup = mb.MuscleJoint.createFromAttachObjs('leftBicep',
'LeftUpperArmlTwistO0"',
'LeftLowerArmlTwistO’,
0.5
1.5) /4

imMBR L5 |EOe - mED| ofe s ¥

// Undo: selectionMaskResetall //

select -r int9 kratos Hi ;

. sets —e —-forceElement initialShadingGroup;
// Result: initialShadingGroup //

select -cl ;

B e P e

MEL Python Python Python Python Python Python Python  Python Python Python Python Python Python Python Python Py
1|muscleGroup = mb.MuscleJoint.createFromAttachObjs ('leftBicep’,

2 'LeftUpperArmlTwistO',

E 'LeftLowerArmlTwistO',

0.5,

T5)

JimuscleGroup.update ()
8
9muscleGroup.edit ()

| 26 | 27 | 28 | 29 | 30 ” < 14 . < ‘ ”i g
30 30 j ¥ NoCharacerSet  © NoAnimlayer | 0 v © [E]




. 6 muscle joint groups g A
« 14 biateral muscles e s

130 runtime-driven joints
26 skinned joints
0 animation sampledjoints
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Aadvantages of the Joint-Based Muscle
Ne

* No highly redlistic blendshapes needed

» Not depend onregistered pose spaces

« Compatible with the game engine

« Speedup rig evaluation and save memory usage

» A generic and systematic rigging solution

Sant.'d
Monic
Studio
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mplementation Detalls




Musculoskeletal System

* Provides our body with movement, stabllity, shape, and support

« Subdivided into two systems: skeletal system and muscular syste
m

« Skeletalmuscles are located between lbones with origin and inser
lion

« Skeletalmuscles are the ones that act on the body joints to produ
ce movements

\

Skeletal System Muscular S&/stem




e Skeletal System

Animation Skeleton
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Animation Skeleton

« Core skeleton thatis necessary to describet
he motion accurately.

« Standard and fixed for production

» A shared asset between different departm
ents

e Canbe broken down into four major areas: t
he spine, skull, arms and legs

Animation Skeleton Used in God of War: Ragnarok




Skeleton

An example of muscle smulation in Ziva VEX
e




Spinal Column

« JOHeadlmaps to It cervical vertebra (C1)

« JONecklmaps to 7t cervical vertebra (C7)

« JOBack3 maps to 8" thoracic vertebra (18)
« JOBack?2 maps to 12t thoracic vertebra (T12)
« JOBackl maps to 5™ lumioar vertebra (L5)

« JOPelvisl maps to 5 sacral vertebra (S5)

cervical
vertebrae
(C1-C7)

thoracic
vertebrae
(T1-T12)

lumbar
vertebrae
(L1-L5)

sacrum
(S1-S5)

coccyx



Humerus (Upper Arm Bone)

* Runs from the shoulder and scapula to the eloow

» BadllF-and-socket joint allows for movement with 3 degrees of freedom

Acromion ACjoint  Clavicle

V | Ball & Socket Joint

eg. Shoulder Joint

2

Humerus Scapula

il Glenohumeral joint




Eloow

* Made up of three bones, the humerus, uina, and radius

* Hinge joint serves to adllow motion primarily in one plane

Hinge Joint
eg. Elbow

Humerus




Forearm Twisting

« Known as pronation and supination of the forearm
« Setup Rolllbones to achieve the twist distribution of arms

* Pivotjoint dllows only rotary movement around a single axis

Supination
(radius and ulna
A are parallel)
, " "
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A Pronation
< - (radius rotates
Slllllnallon over ulna)




Procedural Joints

» RBFjoints: driven by RBF solver and get the transformation based on pose interpolation

« SDK joints: controlled by set-driven keys

« Constraint joints: runtime-aim/point/orient/parent constraints, etc.

,i::‘ ';:‘:“
ey

iNts | Tyr's eloow is corrected by SDK joints



Advantages of Procedural Joints

« Save memory usage and the overdll size of
the game will be reduced

» Better support procedural animation

* Friendly to animators




Scapula Bone

Anterior view of the scapula and clavicle

Position of the scapula showninred




Spine of Scapula

Starts at the root of the spine of the scapula and ends in the acromion
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Root of sgine showninred Spine of scapula showninred Acromion of each scapula showninred

Medial border
Starts from the superior angle to the inferior angle

/ y
o \
Medial border showninred Medial border Superior border Axillary border INnferior angle




Scapula Joint Positioning

Acromion

Inferior Angle

wi | ‘ a S ! - g
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Start at the acromion, extends along the spine of t The three scapulajoints are showninred Skin weights of the left scapula joint
he scapula and down to the inferior angle
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» Focus on skeletal superficial muscles o 5 5
o . J
 Learnthe anatomy and function of the muscles
) .




Superficial Back Muscles

* [rapezius
« Latissimus Dorsi
o [eres Mgjor

Arm Muscles

+ Deltoid
o [riceps
* Biceps

Chest Muscles

» Pectoralis Mgjor




Trapezius Muscle

I Descending Part (superior fibers)

Transverse Part (middle fibers)

Ascending Part (inferior fibers)



Descending Part

\! R

»
)
’
" ;
> .“ —
‘ .
- -

T ——

—— it

Origin: spinous process of the vertebrae Cl1—-C/

Insertion: lateral third of the clavicle
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Traverse Part

COrigin: spinous process of vertebrae T1— T4 (C7 - T3)

Insertion: medial acromial margin







Ascending Part

Origin: spinous process of thoracic vertebrae (14 — T12)

Insertion: medial end of the scapular spine







Bone Mapping
Origin:

Descending Part: spinous process Cl1—C/
Traverse Part:  spinous process 11— T4
Ascending Part: spinous process 14 — T12

= 4
T12)

Ky

(L5)§

INnsertion:

Descending Part: lateral third of the clavicle
Traverse Part:  medidl acromial margin
Ascending Part: medial end of the scapular spine




Trapezws I\/\uscle Component

cuie
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Motion Graphics VRay // Undo:

TURTLE TenghaoShelf XGen
(y ] /C e o008 L I ﬁ+ B-0-n g2 e J .o
BgRI S S AGe SRR =D Lo

MWy Lunmnanu oep

I No Proxies Building

. = -

nggmg EX

TETHsRES

Lighting Show Renderer  Panels

Lo<iEom BEm| @Me ® % ¢

Animation Custom

Curves / Surfaces

.h w0 Vi

Poly Modeling

/k ll-/
N FT II

Sculpting Rendering FX Caching

Sres @

® % VN C'

Arnold MASH

1
a-o

Polygons_User ngSkinTools trapBuilder.finalize ()

Undo: //
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
Undo:
reload (bm)

move -r 0 0 -0.0081617
move -r 0 0 0.031982 //
select -r LeftTrapeziusC muscleOrigin_loc
select -r LeftTrapeziusC_muscleCenter loc
move -r 0.00754833 0 0 //

move 0 0 0.0373347 //

move -0.0154148 0 0 //

move -r 0 -0.00985799 0 //

move -r -0.0423738 0 0 //

select -r LeftTrapeziusA muscleCenter loc
move -r 0 0 0.0159027 //

select -r LeftTrapeziusA muscleOrigin loc

P HSW

pycharn sublime

View Shading

| moeReR j®®c  |onf@@EE| @ oo q 10

sRGB gamma
=T
=T

trapBuilder = bm.TrapeziusMuscles ()
trapBuilder.add() //

// Error: line 1:
// Error: line 1:
// Error: line 1:
// Error: line 1:

4
Python

commands
commands
commands
commands

There
There
There
There

to
to
to
to

are
are
are
are

no more
no more
no more
no more

Python Python Python Python Python

reload (bm)

1]
2
3
4|trapBuilder = bm.TrapeziusMuscles ()
5/trapBuilder.add ()

6

7| trapBuilder.finalize ()

8

mirrorTrapBuilder = bm.TrapeziusMuscles (side="R
mirrorTrapBuilder.mirror (trapBuilder)

mirrorTrapBuilder.finalize()

Add Trapezius Muscle

# create muscle joint groups for left side
trapBuilder = TrapeziusMuscles(side=‘Left’)
trapBuilder.add()

trapBuilder.finalize()

persp

# mirror the left traps to the right side
mirrorTrapBuilder = TrapeziusMuscles(side="Right")
mirrorTrapBuilder.mirror(trapBuilder)
mirrorTrapBuilder.finalize()

undo.
undo.
undo.
undo.

> QQ

1/
Ll

1/
/7

import RigBuild.Deformations.Joints.biped muscles as bm

Python Python

Python Python

import RigBuild.Deformations.Joints.biped muscles as bm

ight"')

< .

class TrapeziusMuscles(BipedMuscles):

def add(self):
# Descending Part: superior fibers of the trapezius
# Origin: spinous process of C7 to the occipital bone (neck joint to head joint)
neckJointPos = om.MVector(mc.xform(self.neckJoint, translation=True, g=True, ws=True))
headJointPos = om.MVector(mc.xform(self.headJoint, translation=True, g=True, ws=True))
averagePos = (neckJointPos + headJointPos) / 2.0
neckJointWorldMatrix = mc.getAttr('{0}.worldMatrix'.format(self.neckJoint))
offsetVector = om.MVector(neckJointWorldMatrix[8: 11]) * ©.02
trapeziusAOrigin = offsetVector + averagePos

# Insertion: lateral third of the clavical

clavicalJointPos = om.MVector(mc.xform(self.clavicalloint, translation=True, g=True, ws=True))
acromoinJointPos = om.MVector(mc.xform(self.acromionJoint, translation=True, g=True, ws=True))
offsetVector = (clavicalJointPos - acromoinJointPos) / 6.0

trapeziusAInsertion = acromoinJointPos + offsetVector

self.trapeziusA = mb.MuscleJoint.createFromAttachObjs(muscleName="{@}{1}A'.format(self.side, self.name),
originAttachObj=self.neckJoint,
insertionAttachObj=self.clavicalJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusA)

mc.xform(self.trapeziusA.originLoc, translation=trapeziusAOrigin, worldSpace=True)

mc.xform(self.trapeziusA.insertionLoc, translation=trapeziusAInsertion, worldSpace=True)

# Transverse Part: middle fibers of the trapezius

scapulalointPos = om.MVector(mc.xform(self.scapulaJoint, translation=True, g=True, ws=True))

# Origin: Broad aponeurosis at spinous processes of vertebrae T1-T4 (or C7-T3)

averagePos = (neckJointPos + scapulaJointPos) / 2.0

trapeziusBOrigin = om.MVector(neckJointPos.x, averagePos.y, averagePos.z)

# Insertion: Medial aspect of acromion, Superior crest of spine of scapula

offsetVector = (scapulaJointPos - acromoinJointPos) / 4.0

trapeziusBInsertion = offsetVector + acromoinJointPos

self.trapeziusB = mb.MuscleJoint.createFromAttachObjs(muscleName="{0}{1}B"'.format(self.side, self.name),

originAttachObj=self.spine3Joint,
insertionAttachObj=self.acromionJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusB)

mc.xform(self.trapeziusB.originLoc, translation=trapeziusBOrigin, worldSpace=True)

mc.xform(self.trapeziusB.insertionLoc, translation=trapeziusBInsertion, worldSpace=True)

# Ascending Part: inferior fibers of the trapezius

# Origin: Arise from the spinous processes of the remaining thoracic vertebrae (T4-T12)

# roughly is T8 at the same level as the xiphisternum: (JOBack3)

spine3JointPos = om.MVector(mc.xform(self.spine3Joint, translation=True, g=True, ws=True))

trapeziusCOrigin = om.MVector(spine3JointPos.x, spine3JointPos.y, trapeziusBOrigin.z)

# Insertion: Medial end of spine of scapula

trapeziusCInsertion = offsetVector * 3 + acromoinJointPos

self.trapeziusC = mb.MuscleJoint.createFromAttachObjs(muscleName="{0}{1}C"'.format(self.side, self.name),
originAttachObj=self.spine2Joint,
insertionAttachObj=self.acromionJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusC)
mc.xform(self.trapeziusC.originLoc, translation=trapeziusCOrigin, worldSpace=True)
mc.xform(self.trapeziusC.insertionLoc, translation=trapeziusCInsertion, worldSpace=True)




Trapezius Muscle Component

MIDDLE e
TRAPEZIUS =3 LOWER
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Joint layout of trapezius muscle component Trapezius muscle anatomy




L atissimus Dorsi Muscle

Origin: spinous process 1/ — T12
thoracolumiboar fascia

Insertion: intertubbercular groove










Bone Mapping

Origin: Insertion:

Vertebral Part: spinous process 17/ — T12

| , INntertulbercular groove
Thoracolumbar fascia: spinous process (L1-15)
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L atissimus Dorsi Muscle Component

-.

|
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Joint layout of latissimus dorsi muscle component

Trapezius m.

Teres
major m.

Latissimus dorsi m.

[liac crest

Superficial back muscles anatomy



Scapula Muscles

supraspinatus

o (@3 0I0jor

spine of scapula

infraspinatus

e SUpraspinAatus

e Jeresminor

e humerus

* |nfraspinatus

Teres major muscle in green Rotate cuff muscles




Bone Mapping
Origin: Insertion:

INnferior angle INntertulbercular groove

m
£

"I vyiHaY

5

< *'w*v
Common insertion for lats and teres major muscles

Joint layout of teres major muscle component




Superficial Back Muscles
Traps + Lats




Deltoid Muscle

Deltoid

Deltoid muscle Kratos's shoulder loses volume




Deltoid Muscle
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Anterior or clavicular part

Posterior or scapular part

Deltoid tuberosity
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B Intermediate or acromial part
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Side view of the deltoid muscle

~




Bone Mapping

rain: INnsertion:
avicular Part: lateral third of clavicle

Scapular Part:  lateral third of the spine of scapu
lo
‘A r~r ~ : b eSiak i~ AF SCOpUlO

Deltoid tuberosity

Joint layout of deltoid muscle component
S B LT GGG




Biceps Brachil Muscle




Biceps Brachil Muscle

Biceps Brachii

Humerus

Origin: Scapula bone

Biceps Brachii
(Long Head)
Biceps Brachii

Insertion: Radial tuberosity and the fascia of the forearm (Short Head)

_—

—— Radius




Bone Mapping

Origin: Insertion:

Scapula bone Radial tuberosity




Triceps Brachil Muscles

Long head
B | ateralhead

B Medialhead

Anterior view Back view




Triceps brachil




Bone Mapping

Origin: Insertion:

INnfraglenoid tulbercle of the scapula Olecranon process of uina

1.

JOLeftLowerArm i
(Olecranon of the ulna)

L

Joint layout of triceps muscle component




Pectoralis Major Muscles

Clavicular head
(pectoralis major)

Sternal head

(pectoralis major)




Clavicular Part

Origin: Medial half of the clavicle

Insertion: Intertulbercular groove

Origin of the clavicular part Shoulder flexion




Sternocostal Part

Origin: Anterior sternum and
Cartilages of ris 1-6

Insertion: Intertulbercular groove
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Origin of the sternocostal part shoulder extension




Shoulder adduction Shoulder internal rotation




Bone Mapping
Origin:

Clavicular Part:  medial half the clavicle

Sternocostal Part: anterior surface of sternum,
costal cartilages of ribs 1-6

INnsertion:

INntertulbercular groove

IT groove

w
-
kS
T
>

=17

) JOBack3
(Rib 6 or T8)

Joint layout of pecs muscle component Common insertion for lats, teres major and pecs muscles




Anterior view of Muscles
Pecs + Deltoid + Biceps/Triceps




mport/export Muscle Data

"Arms": {
"Left™: {

"LeftBicep muscleDriver™: [
-8.3358964844755173,
1.473158821593473,
-8.0815958234332634685

I,

"LeftBicep muscleInsertion™:.][
-8.4492308414210482,
1.4833466651324955,
-8.92378882582593445

I,

"LeftBicep_muscleOrigin™: [
-8.207795533628083474 ,
1.5548913568982487,
0.91985587305450464

1,

"LeftTricep_muscleDriver": [
-8.3142838437644579, l M PO RT
1.4765397061817502,
8.88780580607984975

I,

"LeftTricep muscleInsertion”: [
-8.4737161834821363,
1.3990186018449204,
0.930882712286819457

I,

"LeftTricep muscleOrigin™: [
-8.17771870486390236,
1.53918328316816926,
8.06494182061044583

1

"Right™: {...}
b
"Deltoid”: {...},
"LatissimusDorsi™: {...},
"PectoralisMajor”: {...},
"TerasMajor™: {...},

"Trapezius": {...}

JSON serialization

Civilian’s muscle joint groups




INcrease Bone Influences per Vertex

',
\ ‘(‘
Max 4 Influences Max 10 Influences




God of War

4 infl t B ) - :
INMIUENCES Per Vertex 2 bits | 10bits | 10 bits | 10 bits

\ J
| l | : |

Weight Format; 32Bit_RIOGIOBIOA_2_Unorm Jdweight 29 weight T weight

Indices Format: 8Bit Uint or 16Bit Uint

: . 8Bit or 16Bit
Weight Precision: 0.001 8Bit ar 16Rit _ 4indices
8Bit ar 16Rit for the 4 influence
8Bit or 16Bit >

Reconstruct final weight in shader —




God of War: Ragnarok

| Raw 32-bits N
/N0 influences per vertex 2 bits | 10bits | 10 bits | 10 bits
\ y | y | Y J
We|ght Format: 32Bit UiNt Jdweight 29weight T weight T o weignts
2 bits 10 bits | 10 bits | 10 bits 9 weights
Indices Format: 32Bit Uint T
6 weight 5" weigh 4™ weigh
C C
. - 2 bit 10 bits | 10 bits | 10 bit
Weight Precision: 0.00] el - = | =

| | | —
10 weight 9" weigh 8™ weight
Reconstruct final weight in shader :




Performance and Memory Differen
ce

4 Influences: / Influences: 10 Influences:

Used Memory: 152.03 Used Memory: 153.32 Used Memory: 154.94
GPU Used: 36.51 GPU Used: 3/7.80 GPU Used: 38.27

CPU Used: 115.52 CPU Used: 115.52 CPU Used: 115.52
Depth: 0.36 Depth: 0.4]1 Depth: 0.46

Show detailed memory info Show detailed memory info Show detailed memory info

Name Size Used Exclusive instances Unknown 7-:° +G1 § Name Size

1 Used Exclusive instances Unknown Terturesol Hadel Name Size Used Exclusive instances Unknown ' -~ Madel A
| Fallback 0.5 0.43 0.43 8.0 | Fallback 0.5 0.43 ( 86%) 0. 43 o | Fallback 0.5 0.43 ( 86%) S E
+ Root 916.0 904,56 34,12 = 0, 0 + Root 916,0 904,56 ( 98%) et 34,12 - + Root 916.0 905.21 ( 98%) 34.17 BS{ 81 0.02

Surfaces 844,0 843,79 ‘ | Surfaces 843,79 ( 99%) Sur faces 844,0 843,79 ( 994

WAD R _HeroAOO (X) 158,0 152,03 : &%) ) 2 29, 92 + WAD R HeroAQO (X) 153,32 ( 97%) 14,07 (  8%) .94

- -~ a, 06 o ) 3. 00

+ WAD R HeroA0O (X) 158.0 154.94 ( 98%) 14, 07
WAD R Perm (X) 66, 0 63, 09 4%) + WAD R Perm (X) 63,10 ( 95%) 2,81 [ 4%) ) 2.8

+ WAD R Perm (X) 66.0 64,74  98%) 2,81 ' 2 8 1.86

WAD TBSheet 50, 0 6,78 . - I 0, OF + WAD TBSheet 6,78 ( 13%) 0.03

- . . - - ; + WAD TBSheet 50, 0 6,78 ( 13%) : =5 0, 68
.00 | C%) 0. 00 i ! 0. 0 f 00 0. 00 0. 00 ar ) z

0. 60

R HeroAQOQO [Art] over budget: WAD R HeroAQO [Art] over budget: WAD R HeroAQO rt] over budget:

WAD R HeroAQO [Design budge
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Influences Count Flag
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A
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Aiayer2
'Ar layer1
/].psD
/| _PoseReaders
/]soundEmitters
Bl 20 _Proxies
/] collidableObject_Layer
Decals1
v P /cloth
T /] ClothCollisions
/] cloak
v P /] Mesh
' /] PermMesh




GDC
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Jiggle Dynami







Jiggle Joint




Altributes

o Stiffness:range 0 — 1

 Damping:range 0 — |

» ClampMagjorAngle:range O —
@0

o ClampMinorAngle:range 0 —

From left to right:

Stiff Stiffness: 0.15 Stirrness- 015 Stiffness: O] Stiffness: 0.1
Damping: 0.1 Damping: 0.1 Damping: 0.1 Domping: O
ClompMajorAngle: 9  ClampMagjorAngle: @ Clampl\/\ojorAngIe @ ClompMajorAngle: @ ClcrmmpViaiorAnae o
0 0 0 0 ClampMinorAngle: 15
ClampMinorAngle: @ ClampMinorAngle: 9  ClampMinorAngle: 9 ClampMinorAngle: 9

0 0 0 0




mplementation

Jiggle Point




Damped Spring Simple Motion
X=p —7T
F=—-pv—kx
Semi-implicit Euler Integrator

Viyge = Uy +dt - stiffness - (r —p) +dt - damping - v

Xt+dr = X¢ + dt - vy

Ordinary Differential Equation (ODE)

d?x - dx e — 0
mdtz | ﬁ dt | X =
Related Articles:

o https://beltoforion.de/en/harmonic oscillator/
o https:// www.ryanjuckett.com/damped-springs/
o http://hyperphysics.phy-astr.gsu.edu/nbbase/oscda.ntmil



https://beltoforion.de/en/harmonic_oscillator/
https://www.ryanjuckett.com/damped-springs/
http://hyperphysics.phy-astr.gsu.edu/hbase/oscda.html

mplementation

Aim Constraint




AIMm Transformation

uVector = jigglePoint — PivotPoint

upVector = rootjoint. upAxis() Jiggle Join
wVector = uVector X upVecor |
uVector = wlVecor X upVector

ROtOtiOn Mctrix m ‘ B \\ector (aim Vector)
aimAxis T uVector & Pivot Joint
upAxis X vVector] %
aimAxis X upAxis wVector
. . Root Join
Maltrix Decomposition |

» http://eecs.gmul.ac.uk/~gslabaugh/publications/euler.pdf
» https://nghiaho.com/?page id=846



http://eecs.qmul.ac.uk/~gslabaugh/publications/euler.pdf
https://nghiaho.com/?page_id=846

mplementation

Cone Constrai
NE




Line — Elliptical Cone Intersection

Equation for elliptical cone

y2  x2 72 2 2

2

— : S

h? a? b2 Y tan2 @ tanZ?
Half major angle at the vertex: a = arctan%

Half minor angle at the vertex: f = arctan %

EqQuation for aline segment
x =txqy + (1 —t)x,

y=ty; +(1—1t)y, where t € [0,1]}
z=tz; + (1 —1t)z,

The form of a quadratic formula
At*+Bt+C =0

where
(x1—x0)% , (z1—20)*
* A= t;nz(; | tzlnzcl)B (Y1 i yO)Z /4 Previous Point
e b= 2(x1—x0)%o , 2(21—20)Z9 2 Next Point b (X0, Yo, Zo)
tan? a | tan2 ﬁ (yl i yO)YO (X1, V1, Z1) |
2 2 |
. —_% , _Z0 2 S |
¢ tan2 @ tan? g Yo '




Isolate : camera1
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AniMation Reaction

Without Jiggle Bones







Combat Reaction

Thor’s hit animations Thor’S hit stun animation







Combat Reaction

 Theinertia of the jiggle bone derives fro
m
external forces

* |nitial velocity is determined on hit
direction and hit magnitude

« Jiggle reaction happens in the specific
part being attack




Jiggle Squad

Lacognata Nic Tenghao Wang Lopez Adrian
Programmer Senior Technical Artist Senior Comloat Designer




GDC
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Tnank You!

Character Tech Ar .
Programming

rﬁmel Stanley-Grossman Nicolas LaCognata

Stephen Miranda Mathew Hendry

Adrian Rodriguez Jeff Miller

Rolo Baer Dan Lowe

Marisa Kaupert Koray Hogen

Snyder Adron Peter Malnai

Johnson Brooke James Sweeney

Animation Design

Kim Nguyen Adrion Lopez

Patrick Scanlan Hendry Lee

Grace Pan Denny Yeh

Fabian Johnston

Erica Pinto




Questions

Thank You!

Tenghao.wang@sony.com
Tenghaowang/20@gmail.com
https:.// www linkedin.com/in/tenghaowang/

il
r
r
[

Santa
Monica
Studio STUDIOS.



mailto:Tenghao.wang@sony.com
mailto:Tenghaowang720@gmail.com
https://www.linkedin.com/in/tenghaowang/
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