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MOTIVATION

"Angry" "Confident"

"Neutral"

[The Sims 4, Maxis, 2014]

"Energlzed" IISadll "Afraid"



PROBLEM

* New Animation for each Animation
Emotion Stack

* Variants of Baseline

—

* Repeat Process for each
Motion

[The Sims 4, Maxis, 2014]

* Time Consuming &
Expensive



SOLUTION

o Automatic

 Real-Time

* No Additional Data or
Training Required

Works with both Kinematic &
Policy-Based Physics-Enabled
characters

* Focused on Locomotion Emotionally Expressive Motion Controller

« Based on Machine Learning &
Laban Movement Analysis



RELATED WORK -

l—...- ’ ﬁ"_ e T — ~

[Bandai-NamccS Research Inc., 2022]

[https://lyoutu.be/GuBEup_90EQ?t=350, 2020]

DeepMimic & Spacetime Bounds

Reference <ol Wbl Simulation Reference

[DeepMimic, Li-Ke Ma et al., 2021]

[Spacetime Bounds, Xue Bin Peng et al., 2018]

Problems:
* No way to explicitly audit the outcome animation
* No way to tweak a character's motion after training



RELATED WORK = Emotion Contro
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+ Content
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Problems:
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Basic LMA Features f* Derived Features f'
Description max min std mean
FT | LeR foot-hip distance 7 2 B 7
f? | Right foot-hip distance 7 fo 7 Fe
f* | Left hand-shoulder distance J 1o fu Ji
f* | Right hand-shoulder distance [ i s 716
f° | Hands distance 7 fi= [ o f
% | Left hand head distance 7 7 = ot
% |_f7 | Right hand-head distance 7= f J& =
& [ f® | Left hand-hip distance I f3o 7= 2
£° | Rught hand-hip distance i £ [ 5.2
£ | Hip-ground distance 7 i 7 o
11 | Hip-ground minus feet-hip i iz e s
12 | Feet distance = i 77 e
£ | Left hand and chest fnz f'].M fns fus; fan
f1* | Right hand and chest Jid fiae fie fi20; ’:-‘:1
f1° | Deceleration peaks =
£ | Pelvis velocity 750 750 7
f*7 | Left hand velocity 75 = 5, 78
f* | Right hand velocity 75 757 75,7
%7 | Left foot velocity J& 50 Fo1L f10
& [ ™ | Right foot velocity féi 7o 7o
E 2| Pelvis acceleration 55, f12 I
£22 | Left hand acceleration Fo7, F13 oo
£2% | Right hand acceleration Fe9, f1¢ 770
f2* | Left foot acceleration T i
725 | Right foot acceleration TR 7
7% | Jerk 57 76
% | Volume (5 joints) Fid f78 i 750, 718
77 | Volume (All joints) = 7o 7o 7o
£2° | Torso height fos 7o 79 fo5, f20
é’ 7%° | Hands level oL o
Z | f* | Volume (upper body) fid 7o 99 7100, 726
3% | Volume (lower body) flot fiez fioe Fio4; f27
3 | Volume (right side) f0s fios Fio7 fo8; fzu
£3* | Volume (left side) F10 1o Fi iz 28
B % | Total distance R
= £ | Area per second Jis o 7 75, f“zs
“ | f37 | Total volume Fr

| of Dance Movements

1. Input motion + “Happy”™ A

2. Input motion + “Sad” mf‘ :
3. Input motion + “Tired" 21
&, Input motion + "Advaid" b}" a
S. Input motion + “Pleased”

e - - ‘ . =23 -

[Emotion Control of Unstructured Dance Movements, Andreas
Aristidou et al., 2017]

* Does not work with learned Policy-Based Physics-Enabled Controllers
« Changes take time to apply

* Focuses on non-generic dance animations



RELATED WORK = Emotion Control of Dance Movements

RCM Emotional Model PAD Emotional Model

Intense

The following sample ratings illustrate definitions of various
emotion terms when scores on each PAD scale range from -1 to +1:

\

£\

-

! \ 1 3
[DeepMimic, Li-Ke Ma et al.,
2021]

angry (-.51, .59, .25) P

bored (-.65, -.62, -.33) -D
curious (.22, .62, -.01) -
dignified (.55, .22, .61) f
elated (.50, .42, .23)
hungry (-.44, .14,-.21)
inhibited (-.54, -.04, -.41), ~
loved (.87, .54, -.18)
puzzled (-.41, .48, -.33)
sleepy (.20, -.70, -.44)
unconcerned (-.13, -.41, .08)
violent (-.50, .62, .38).

Unpleasant
jueseald

Simulation Reference

+D -P

The emotional state "angry" is a highly unpleasant, highly aroused, and
moderately dominant emotional state. The "bored" state implies a highly
unpleasant, highly unaroused, and moderately submissive state.

4 ’ . \ d Sy [Emotion Control of Unstructured Dance [Joost Broekens et al., 2004]
. : Movements, Andreas Aristidou et al.,
[Spacetime Bounds, Xue Bin 2017]

Peng et al., 2018]

Problems:
* Does not work with learned Policy-Based Physics-Enabled Controllers
« Changes take time to apply
* Focuses on non-generic dance animations



EMOTIONALLY EXPRESSIVE MOTION CONTROLLER

LMA Generated Character Pose
Features
===~ ====--------sss-sccc-=odo-======== [ l e
] 1 [ )
i ' Frame Character !
i LMA Feature | Dafa Character Pose ' Inverse Kinematics _ !
: Extractor E Controller ; Solver :
i ' : :
é L MA Features | E T i Desired Joint Positions E
i l ; Baseline : !
i : Animation ; Generated LMA E
: : ! Features '
i ' [ :
+ | Emotion Classifier : ! Fle D Hls »Motion Synthesizer <
: : Mocap Data / : Mapper :
' ' Learnt Policy : :
" 1 e o e e e o ________________________________________'
Predicted PAD Desired PAD

Coordinates Coordinates



DATASET T T T T
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* Various Motions in different i i i ' !
Emotional Styles — e e '
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* Only Locomotion Animations |
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LMA FEATURE EXTRACTOR =
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LMA Feature b LMA Category
Max Hand Distance h Body
Avg. Left Hand - Hip Distance J2 Body
Avg. Right Hand - Hip Distance Ia Body
Max Stride Length f1 | Body
Avg. Left Hand - Chest Distance 5 Body
Avg. Right Hand - Chest Distance Is Body
Avg. Left Elbow - Hip Distance I7 Body T =
5 5 = 1
ﬁ-l,,.rg_ nght Elbow - H'p Distance fﬂ BD{IF é "framc_counter™: index of the frame at which LMA features were computed,
Avg. Chest - Pelvis Distance Jo Body 4 "label": PAD Emotional Coordinates (3D),
Avg. Neck - Chest Distance J10 | Body : mIma.features": [
max hand.distance (1D},
ﬁ\-'g. Total Bﬂd}' Volume fll Shﬁpﬁ : avzragc L-éanﬁi{@p-ﬁistancn HDJ .
- . . Thand hib. tanc D)
Avg. Lower Body Volume 12 Shape 0 rdnzﬁrzggirﬁe“iﬁng;tp{dJ-iS_f;ItiIrlmc(F:i between left and right foot) (1D),
Avg. Upper Body Volume J13 | Shape b erage Fhapdchestiaiztanes (ol
ﬁwg‘ Area between Hands and Neck fld Sh;]pc 13 average L:elbo;i_hip_c_listancr: (1D),
- " average r_elbow hip_distance (1D},
Avg. Area between Feet and Hip fis | Shape 15 average cheﬁL._E{ﬂ ¥ iasl.-::l_li_st,ancet.lf[”ln} .
= — 16 avorago nock_choest_dlistanco r
7 ‘pcgd i average total_body.volume (1D),
I]:':nth:Iﬂddbq ed ;Iﬁ EED:'-[I s auerage 10w@r-lﬁ{:iﬂ1¥_vclume H_B;f
1 dana o LT : =1 per. - ] ¥
L:i::t Foot Spﬁgﬂd fIT Lffﬂl't ;2 ?ﬁ?gié?nuigf'f hgt:ni?'u ﬁﬂﬁdﬂ and neck _-EIDJ "
* 18 : tri 1 bet feet and t (1D},
Right Foot Specd J1o | Effort - Lhand gpigﬁaﬁéi?mn D
: | r.nan Spee r
Neck Speed f20 | Effort - L-Eggt-gpeed (1D},
_ _speed (1D),
Left Hand Acceleration Magnitude J21 | Effort 2% neck speed (1D), )
= < - 27 l_hand acceleraCion magnitude (1D},
Right Hand Acceleration Magnitude | foo | Effort £ r.hand acceleration magnitude (1D),
0 v =] 1l _foot acceleration magnitude (1D),
Left Foot Acceleration Magnitude f23 | Effort a0 r_foot acceleration magnitude (1D),
Right Foot Acceleration Magnitude | f24 | Effort = y Reck acceleration magnitude (1D)
Neck Acceleration Magnitude fos Effort =}




LMA TO PAD REGRESSION

Pleasure Value

061

041

0.24

0.04

Pleasure predictions vs original values
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LMA Features

Gradient
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Dominance Value

Predicted
Emotional
Coordinates

Pleasure

Arousal

Dominance

Regressor

Pleasure 0.02

Arousal 0.06

Dominance 0.03
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x tired
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EMOTIONAL CLASSIFICATION

== EMOTION PREDICTION ==
0.781625485420227
0.48028437197208407
0.139211505651474

Closest Emotion: Happy

== EMOTION SYNTHESIS ==
Plessure: N NN 00
Arousal: [T i 00
Dominance: | 00
CONFIRM |
hausted | fident | Moty |
M| meewr | el
== STATUS == == EMOTION PREDICTION ==
Animation: Running Pleasure: 0.4001648187637329
Emotion Prediction:  In Progress Arousal: 0.20092930644750595
Motion Synthesis: Not Synthesizing Dominance:  0.35134114027023317

== EMOTION PREDICTION ==
Pleasure: “0.595766064863205
Arousal: 40.40131344497203825

Dominance: “0.29259250611066817

Closest Emotion: Sad

== EMOTION SYNTHESIS ==
Pleasure: [ 00

Arousat: W __fm 00
Dominance: | 0.0
CONFiIRM
Afraid Happy Sod
== STATUS ==
Animation: Running
Emotion Prediction:  In Progress
Motion Synthesis: Not Synthesizing

Emotion Classifier

" Loarnt Policy

|

Prodictad PAD
Coordinates

Dosired PAD
Coordinates

-0.

-0.401313
Dominance: -0.29259250611066817

Closest Emotion: Sad

Emotion Prediction and Synthesis

== EMOTION PREDICTION ==
o 23
-0.
-0.1994317203760147

Pleasure: -0.5995109677314758
Arousal: 0.6963342785835266
Dominance: -0.7974678933620453

Closest Emotion: Afraid
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PAD TO LMA REGRESSION S
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: "Direct” Approach

" Gradient Boosting Generated LMA
-E Regressors Features
: hi || h2 [eeeeeeeeeees h24 h2s Pt | F2 e f2q4 f25

Desired PAD 5

coordinates N A A A A A AR A A A A A R AR A AR A AR A A R A AN AR R A AR AR AN R A NN A EEEE NN REEEEERIEEEEEEEESEEEEEEEEEREEEEEEEEE,
: "Autoencoder” Approach
. Regressors Features
. Autoencoder
-E g1 g2 93 g4 g5 I 1> I3 14 Is Decoder fq i JENCTTTPPPTOP flog f'os

Input Output

Encoder Decoder ; g' B
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MOTION SYNTHESIS

« Compute new desired
positions/rotations for core joints

* 6 Heuristic Rules

 Coefficients to represent the
difference between Baseline's
and Generated LMA Features

D T fielP

t

Rule
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Aszzociated LMA Features

g1: Modifies Hip Haight
Ralses or lowers the characier's

HAwg. Chest-Pelvis Distancea () ;
Ay Total Body Volume ()
fovg. Lower Body Volume (fi,)
Awy. Area Feet-Hips Triangle (i)

g2: Modifies the Chest's Position
Raises or lowers the characlers
Chest, making their back appear
sivmped over or straight

fovg. Chest-Pelvis Distance ( fi) ;
By, Total Body Violume (fia) ;
Awg. Upper Body Volume: {fi2) ;

g3: Madifies the Hands’ Positions
Fults each Hand lowards or away
frovm the character's body, Also
raises or lowers gach Hand

towards the characters chest.

Max Hand Distance (fy) ;

Awg. Left Hand-Hip Distance (f;) ;
Awg. Right Hand-Hip Distance () ;
Aoeg. Lelt Hand-Chast Distance (fy) &

Awg. Right Hand Chest Distance (f5) ;

#Awg. Total Body Volume {fiq) ;
#wg. Upper Body Volume { fi2) ;

Mg, Area Hands-Neck Triangle (fq)

gd: Modifies Elbows Positions
Pulls sach Elbow lowards or
away from the character's body,
changing their upper vollme.

Aug. Left Elbow-Hip Distancea [ ) ;

Sy, Right Elbow-Hip Distance () ;

M. Total Body Volume ( fa)
#ug. Upper Body Volume (f12) ;

g5: Modifies the Feets” Positions
Increases or decfeases the
disfance betweean each Foof,

changing the siride lengih.

Max Siride Lenglth () &

forg. Total Body Volume { fio)
Aug. Lower Body Violume () ;
Awg. Area Feet-Hips Triangle (f14) ;

gh: Modifies Neck Tilt
Tills the characler’s Neck
towards or away from their chest.

Awg. Nedk-Chesl Distance ( fy) |
M. Total Body Volume ( fa)
#ug. Upper Body Volume (f12) ;




INVERSE KINEMATICS

Baseline
"Neutral"

Mocap
"Afraid"

Baseline
"Neutral"

Generated
"Afraid"

Generated
uHappyu

Emotion Classifier

memememememe

uuuuuu
tos

Afraid

P:-0.60
A: 0.70

=

Confident

P: 0.30
A: 0.30




EMOTIONALLY EXPRESSIVE MOTION CONTROLLER

T T

; == EMOTION PREDICTION ==
Pleasure: 00636911 2632381916
Arousal: 0,04643 390521269773
Dominance: 001084956377 7810545

Clotest Emotion: Neutral

== EMOTION SYNTHESIS ==
Pleasure: [T i 00
Arousal: [N . SN 00
Dominance: | | 00

CONFIRM
! !
Afraid Happy Sad
| s = e ST R OT SR A S
e T e e Pleasure: 0.2007RIIVIIOVNE T4
== STATUS == Arousal: 0205908531 0930567
Animation: Looped Dominance: 0,302 1260420203007
Motion Synthesis: Not Synthesizing
== EMOTION SYNTHESIS ==

Pleasure: [N __pmEm oo
Aroussl: RN [EEmm 0o
. Domdnance: [T [T oo

CONTNMm [
Exhanted Contident Angry —
4 ! Aoy | ——
Mrad | Woppy sed ~—==g
== STATUS == -
Emotion Prediction: 1 Progress S
Motion Synthesis:  Not Synthesizing




USER TESTS

-1 Emotional Identification Task

1) What do you think the Emotional State of the character is? *

1) Neutral
Happy
Sad

Tired
Angry
Afraid
Confident

Proud

1) The character is feeling "Sad" *

1 2 3 4 5

Ver no EYouTube | . Completely Disagree O O O O O Completely Agree

Primed Emotional Agreement Task



USER TESTS

e
dentification Task

Emotional

30

Count

a

plesyy

Count of Answer bv Emotion for MoCap Video Clips

AiBuy
juspyuod
Addey

True Emotion

Video Clios

Count of Answer bv Emotion for K

25/

E
r
F—
F_

o0

1
2

pleyy
KbBuy
Juspyuon
Addey

p

True Emotion

pallL

Answer

M Afraid

M Angry

M Confident
M Happy
Eneutral

M Proud

M sad

M Tired

Count of Answer bv Emotion for Phvsics Direct Generated Video Clios

3

Count

o

iy

1]

=z g z
o @ 3 h=}
=& 2 7 B2
o
2

True Emotion

peg

paiy

Answer

M Afraid

M Angry

M Confident
W Happy

H Neutral
M Proud

M Sad

M Tired

Count

Count

Answer
M Afraid
M Angry
M Confident
M Happy
EnNeutral
BProud
M sad
Wi Tired

pes
pallL

Count of Answer by Emotion for Kinematic Direct Generated Video Clips
Answer

M Afraid

M Happy
ENeutral
M Proud
M sad
WiTired

Juapyuog

True Emotion

Count of Answer by Emotion for Physics AutoEncoder Generated Video Clips
Answer

M Afraid

M Angry

M Confident
° B Happy

M Neutral
M Proud
Msad

M Tired

15

o

preyy
RKiBuy
Adden
pes
pali]

JuspyUOY

True Emotion

Primed Emotional Agreement Task

=

5
, ! , , 4 , ! ,
3
e : e
W 1 .
SAD-Mocap  SAD- SAD-. ~ SAD - Physics SAD - Physics TIRED - TIRED - TIRED - TIRED - TIRED -
Kinemafic ~ Kinamatic  Diract Gan. AutoEncodar Mocap Kinematic ~ Kinematic ~ Physics Direct  Physics
Direct Gen.  AutoEncoder Gen. Direct Gen.  AutoEncoder Gen AutoEncoder
Gen. Gen. Gen.
I 5
, , 4
3
2
28 T
o 1 o
CONFIDENT - CONFIDENT - CONFIDENT - CONFIDENT - CONFIDENT - ANGRY - ANGRY - ANGRY - ANGRY - ANGRY -
Mocap Kinematic Kinematic  Physics Direct Physics Mocap Kinematic Kinematic  Physics Direct Physics
Direct Gen.  AutoEncoder Gen. AutoEncoder Direct Gen.  AutoEncoder Gen. AutoEncoder
en. Gen. Gen. Gen.
Hostzs 38
, a , M 5 : | 3“33
16 26
4 2 —
T’u 21 16 31
% 3 iz
7 8 "] 20
12 2 2 e
o5 78 28 27
1 o - 23
AFRAID - AFRAID - AFRAID - AFRAID - AFRAID -
Vo K Knonaic b e OO g el meeL e
rect Gen. ! %:n er en. u G::o ef Direct Gen. Aulugncuder Gen. Autoéincuder
. : en. en.



CONCLUSION

« Automatic System for Emotionally Expressive Motion = S

Synthesis of Locomotion Animations e
= @

« No need for extra data or training = e

» Works with both Kinematic and Policy-Based Physics- -
Enabled Character Controllers

« Emotions specified using the PAD Model

== EMOTION PREDICTION ==

« Emotional Prediction and Motion Synthesis in Real m-{-; S
Time
== EMOTION SYNTHESIS ==
» Quality of synthesized motions validated through User | |
Tests | e
| Afraid Happy Sad ;
« Work accepted for publishing in IEEE ISM 2022 M i

Emotion Prediction: C
Motion Synthesis: Not Synthesizing

n Progress




Thank you for listening!

More Info at: https://heroufenix.github.io/expressive animations web/

TECNICO
W | ISBOA —



https://heroufenix.github.io/expressive_animations_web/

INDEX

* Motivation

* Related Work

* Emotionally Expressive Motion Controller
« User Testing

 Conclusion



BACKGROUND - Computer Animation

Kinematic Controllers

2.5%

19/ wwoew youtube.com]thesdventw oo o

[https:/lyoutu.be/GuBEup_90EQ?t=350, 2020]

[Blender, 2022]

- Simulation Reference

b
Y
R e

[DeepMimic, Li-Ke Ma et al., 2021]

[https://lyoutu.be/z93e5 7P54g, 2020]

|

P h yS | CS CO n t r O | I erS [Spacetime Bounds', Xue Bin Peng et él.,

2018]



BACKGROUND - Emotional Models & Laban Movement Analysis

SAD Emotional Model LMA

The following sample ratings illustrate definitions of various

emotion terms when scores on each PAD scale range from -1 to +1:

angry (-51, .59, .25) +P Body Space
bored (-.65, -.62, -.33) :

curious (.22, .62, -.01) >

dignified (.55, .22, .61)
Effort Shape

elated (.50, .42, .23)
hungry (-.44, .14,-.21)

inhibited (-.54, -.04, -.41), A
loved (.87, .54, -.18)
puzzled (-.41, .48, -.33)
sleepy (.20, -.70, -.44)
unconcerned (-.13, -.41, .08) :
violent (-.50, .62, .38). +D b Feature_. Category
. Hands Distance Body
The emotional state "angry" is a highly unpleasant, highly aroused, and Hip-Ground Distance | Body
moderately dominant emotional state. The "bored" state implies a highly Left Foot Velocity Effort
unpleasant, highly unaroused, and moderately submissive state. Pelvis Acceleration Effort
Volume (All joints) Shape
[Joost Broekens et al., 2004] Torso Height Shape
Total Distance Space
Area Per Second Space




