Modelling Human Per ception of Facial
Expressions by Discrete Choice M odels

Javier Cruz, Thomas Robin, Matteo Sorci,
Michel Bierlaire and Jean-Philippe Thiran

30th of August, 2007

g Workshop on DCM
$ranse.ox il

PEOTRALE DE LAUSANNE




Outline

| ntroduction

Classical Approach vs DCM Approach
Framework

Data description

M odel description

Model Validation and problems
Simulation results

Conclusionsand Future Work

$ease.ox I H

PEOTRALE DE LAUSANNE



| ntroduction

Final objective of the project:

Expert

Some applications:
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Video sequence

e Smart meeting rooms
e Driver’s attention
« Human-Machine interfaces

Face expression
probabilities
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| ntroduction

Current state:

Face expression
probabilities

Single image
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Handling the Problem:
Classical Approach

== 1Expression

1 Label
(Ground Truth)

Number of Images or Videos = Number of Labgls

Expert Image or Video
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Handling the Problem:
Classical Approach??
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Handling the Problem:
DCM Approach

Probability
distribution over
emotions

Set of Labels
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Modelling Facial Expressions by DCM

Set of Pictures

Numerical Probability
Features
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Modelling Facial Expressions by DCM

Set of Pictures

Numerical Probability
Features
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Data: | mages

A portion of the Cohn — Kanade Database

1272 images (frames) from 11 subjects

From neutral to expressi

Video's start Video’s end
> Time
Neutral expression Played expression
£: Gl
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Data: | mages

0zz_001
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Modelling Facial Expressions by DCM

Set of Pictures

Numerical Probability
Features
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Data: Labels
(Facial Expressions Evaluation Survey)

1410

» Developed by Matteo Sorci at LTS

» Expression labelling is a subjective task

» We are collecting data -line in order t
include socioeconomic information in the
labelling procedure

*Up to now we have around 1720 participants and
>39000 labelled images
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Data: Labels
(Facial Expressions Evaluation Survey)

Create a new user

Birth Year : o000 v |

Gender ) Male O Female

Language ; !E_g_lish v

Studies | High Schoal » |

BrCiEnce
Enowledge
Ethnic
group

I Maone §|

| Mone V|

Current | o = |

location

Deocupational

. Mone V|
Category

TTeername ;

Fassword : |

Pagssword

Confirmation
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Data: Labels
(Facial Expressions Evaluation Survey)

http://IltsSwww.epfl.ch/face
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Data: L abels
(Facial Expressions Evaluation Survey)

ETHNIC

® None @ None

Africa = . L = White
@ Antartica 4l : A @ Biack

Asia : e h Asian

Australia i ] Mixed White-Black
@ Europe I" 5 :

A y © Mixed White-Asian
North America - )

- Mixed Asian-Black
@ South America —— E

@ Other

L. KNW. FORMA
@ Behavioral Sciences @ High School

Social Sciences

University
@ Compuler Sciences

Cognitive Sciences

Others

Medical
@ Educational
Management
Scientific
@ Enginsering
>80 Technical
: ® Rural
@ Not Declared Other
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Modelling Facial Expressions by DCM

Set of Pictures

Numerical Probability
Features
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Data: Active Appearance M odel

“# TRANSP-OR



Data: Active Appearance M odel

PCA .
Shapex = (X,Y1, -« » %, V)T - X=X+Pbe
; ll-> Texture g asa - 9=9+Fyb,
=X+
L b —(sts} "R, b =Pc — {X 4 QSC
c~ b - M T le I
: g=g+Q.c

Varying c changes both, shape

and texture .(llﬂ.
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AAM Example

FisEss T OO:-Vi:586c 5 FisesE T OO:-1 1 :58-h
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AAM Output: FACS

In 1978 Ekman and Friesen developed the FaciabAdc@ioding System

Mesurement units: “Action Units” (AUS) =

s | Z K

K
AUs are contractions or relaxations _@Yf \ | |
one or more muscles v N

46 AUs account for changes
facial expression

n

12 AUs describe changes in ga

direction and head orientation v

The FACS has becometheleading
standard for measuring facial expressions
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AAM Output: FACS

Emotional | Primary Visual Cues Auxiliary Visual Cues

Category | AU | AU | AU | AU | AU | AU | AU | AU | AU | AU | Transient Feature(s)

Happiness |6 | 12 25 |26 |16 wrinkles on outer eye canthi
presence of nasolabial furrow

Sadness [1 |15 |17 4 17 (25|26

Disgust |9 |10 17 |25 |26 presence of nasolabial furrow

Surprise |5 |26 |27 | 142 furrows on the forehead

Anger |2 |4 |7 |23 |24 |17 |25 |26 |16 vertical furrows between brows

Fear 20 | 145 | 547 4 15 |7 |25 |26
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AAM Output: EDU

Introduced by Antonini, Sorci, Bierlaire and Thiran

In « Discrete Choice Models for Static Facial
Expression Recognition »

lew+rew leh+reh
EDU1 lehj—_"r’eh EDUS lbhi?“bh
EDU2 | 2w EDU9 b
EDU3 | 2 | EDU10 o
EDU4 | ¢ | EDU11 | EDU2/EDU4
EDU5 | 2+ | EDU12 | EDU3 / EDU4
EDU6 | 2 | EDU13 | EDU2 / EDU10
EDU7 | <! | EDU14 | EDU3 / EDU10

"“sT'EANSP-DR

Ibh
——l—_
Ibw
lew ‘

rbh
leh rbw reh
v
nh
nw

mh
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AAM Output: Texture Parameters

AA|\/|—>9=§+F’é)/A
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Modelling Facial Expressions by DCM

Set of Pictures

Numerical Probability
Features
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DCM: Estimation

Multinomial Logit
9 Alternatives:

1. Happiness 6. Anger

2. Surprise 7. Neutral

3. Fea 8. Othel

4. Disgust 9. ldon’t know
5. Sadness

Estimation by likelihood maximization
http://biogeme.epfl.ch/
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DCM: Estimation

K, K, K,
V, = ASC + ' 1, BASAU, + 31, BEVEDU, + 31, B b,
k=1 h=1 |=1

Modd 1

L J

M odel 2

L )

Mod'el 3

Model 1: “FACS” (Primary AU + Secondary AU + Traast Features)
93 parametersLL =-57121

Model 2: “FACS + EDU”
120 parameters,L = - 55027

Model 3: “FACS + EDU + TEXTURE COEFFICIENTS”
145 parameters,L = - 54657
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DCM: Model Parameters

ASC

Texture

]
=

Name Value
ASC A 281
ASC D 0.307
ASC DK -2.29
ASC F 191
ASC H 23.5
ASC N 0
ASC_O 101
ASC_SA 157
AQT AT 1 17
[BETA_T1_O |-104
BETA_TI_SA | 563
BETA_T2 A | 143
BETA T2 D |93
BETA T2 F | lo.a
BETA T2 H | 228
BETA T2 0 |-5.66
BETA T2 SA | 125
BETA T2 SU [ 15.2
BETA T3 A [422
BETA_T3 O | 354
BETA_T3_ 0 |55
BETA_T3_SU | 7.7
BETA_T4 A |-246
BETA T4 D | 323
BETA T4 F | 59.3
BETA T4 H | 326
BETA T4 O | 229
[BETA T4 GA | 267 |
BETA T4 SU | 27
BETA To A [-133
BETA_T5 D [-15.2
BETA_To T |-296
BETA_T5_H | -673

TRANSP-OR

EDU

L_EDU_10_O 15.5
L_EDU_10_SA 155
b _EDU 10_51. 3.63
L EDU 3 D F -1
b EDU -C: H 269
L EDU 5 SA -13
T_EDU _G_D 20
L_EDU_6_H -16.3
L_EDU_§_0O -22.9
b_EDU_6_SA -26.1
h_EI)L'_T AF 2.42
b EDU T D 151
b_EDU T H 2.52
L_EDU_T O 2.18
L EDU T SA 2.73
L EDU 8 A F 195
L EDU 5 D -4.02
L EDU 8§ H -6.72
L EDU 8 O 0.7G
T_EDU 5 SA 50
b_EDU_s§_SU -0.76
L EDU_9 D 12,5
L_EDU 9 F -2.46
L EDU 9 H 522
b EDU 9 O 118
L_EDU_9_SA 153
b RAP brow A SU | -5.34
b _RAP brow D -9.29
b RAP brow F -11.1
b RAP brow SA 13
b RAP eve A -3.84
b RAP eowe F 951
-18.G

b_RAP ewe H

FACS

b_RAT_eye_O -3.70 b_eve_mouth_dist_r_F =338
b_TAT _eye_5A _'15 b_eve_mouth_dist_r_H | -66.7
:’—%g—"-w—éﬂ‘ - i‘ﬁ b_eye_month_dist_r_sA | 27.5
P L — b_eve_nose_dist_1_A 53.1
b_RAT_mouth_F 0.16 = = === -
b_RAT_moulh_1 71 h_-;‘,\'v_um*_chlg-t_l_[) 0.2
b_RAT_touth_0 173 b_eve_nose_dist_1_F 3.2
b_RAT_mouth_SA 516 b_eve_nose_dist_1_ 0O 7T
L b_eve_nose_dist_1_SA [EE]
IJ_1nm‘._r.1.ij[_i~' 'l_'_ b_eyve_nose_dist_r_ A -44.5
2 browy_clist =la - N - - D 12
b_Lrom_dist_S1 507 b_oe_nowe_dist_r_ 2
S F— b_eve_nose_dist_r_F -(3.7
b_bromeye_12_ A -16.9 - —
b_broweye _12_0 6.6 b_eye_nose dist_r_O =745
b_troweye_12_SA 161 b_eve_nose_dist_r_ SA =106
b_broweye_12_SU 35.1 b_fore_F 0683
b_broweeye 13 A 215 b_fore_0O 0126
b_broweye _r2_ A -0 L e SU 0525
b_broweve_r2_D 526 _1 \_] T o
b_broweye_r2_SA 0.7 b_leye b _ 3
- b_leve_h H 130
b_browwr_D 116 — —
T Trovvr. O B b_leve_h_ SU =305
b_eve_angle_below_r F | 2.3 b_mouth_h_A 0.2
b_reye_angle_T_A 132 b_mouth_h_D 3.9
b_eye_angle_1_F 485 b_mouth_h_SA 39.3
b_eye_angle 1_SA z'ﬂg b_mouth_nose_dist2_A | 513
:’—‘“‘—mﬁ?—r—‘;‘ lé ';_ b_mouth_nose dist2_SA | -3).2
_eye_angle_1_ -3.25 = —
b_cye_angle_r_SA -1.46 b_mouth_nose —d'].‘ t_D _l L
b_eye_brow_ange_LT | 377 b_mouth_nose_dist_H 501
b_eve_brow_angle_1_0 [ -118 b_mouth_w_F 3.5
b_eve_brow_angle_r_F | -202 b_month_w_H 36.8
b_eve_bro_angle_1_0_| 07 b_mouth_w_SA -0
b_eve_brow_angle_r_SA | 865 b naslab D 0500
h_("}"’.‘_l’}J\!\\'_iﬂl{",’l".‘_]‘l_f)l -2.02 b_nzewr_D %0
b_eve_mouth_dist_12_D | -16.3 b vt O A
b_eve_mouth_dist_|_F | 55.0 ) TESWT_ 2-
b_eye_mouth_dist_1_H | -57.7 b_reye_h_H 133
b_eve_mouth_dist_|_SA | 215 b_reye_h_SU 5
b_eve_mouth_dist_r2_D | 3.5
b_eve_mouth_dist_r2_O | =188
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DCM: Model Parameters

=+7.
. Parameters of the HAPPINESS's util{yg couq =14 _|=91.7
IBFACS(eye mouth _dist) — —66.7
EDU4

eye | mouth_dist AW }‘ VHapp'“eS/ ‘ PHapplness/

Il OO:-1T 15020

FsTE T OO:-1 1:57cc

A
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DCM: Validation

80% for Calibration 20% for simulation
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DCM: Validation

Observations

0.9
0.8

0.7
0.6

0.5

B Observations

0.4
0.3

0.2

0.1

Happiness Surprise Fear Disgust Sadness Anger Neutral Other Dknow

2_-Test

1.00E +00

9.00E-01

- uu:ea;a$21

8.00E-01

7.00E-01

6.00E-01

EmFACS

5.00E-01

FACS+EDU
4.00E-01

3.00E-01 mFACS +EDU+Texture

2.00E-01

1.00e-01 —

0.00E+00 ~
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DCM: Validation

Inst.
mlnstl Inst2 | Inst3 | Inst4 | Inst5 Average
FACS 28.2% | 31.3% | 30.9% | 30.6% | 30.9% 30.389%
+ EDU 20.4% | 26.3% | 23.1% | 25.5% | 23.1% 23.68%
+ Texture 21.6% | 26.3% | 23.1% | 23.1% | 22% 23.22%
Gl
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DCM: Validation ...
Houston, we have a problem!

Cochran’s Rule NOT satisfied
Even worse with segmentat

Other tests or measures must be studied
Kolmogorov-Smirnov Discrete Test
KL-Divergence
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DCM: Simulation

38 observations

IEs3:21-14

1.00E +00

9.00E-01

8.00E -01

5.00E-01

4.00E-01

3.00E-01

2.00E-01

1.00E-01 -

7.00E-01 -

6.00E-01 -

0.00E +00

Happiness

S urprise

Fear

Disgust

Sadness

Anger

Neutral

Other

Dknow

HmFACS

FACS+EDU

mFACS+EDU+Texture

M Observations
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DCM: Simulation

33 observations

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

HFACS
5.00E -01 FACS+EDU

®mFACS+EDU+Texture
4.00E-01

W Observations
3.00E-01

2.00E-01

1.00E-01

0.00E +00

Happiness Surprise Fear Disgust Sadness Anger Neutral Other Dknow
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DCM: Simulation

34 observations

1.00E+00

7.00E-01

9.00E-01 -

8.00E-01 -

6.00E-01

5.00E-01 -

4.00E-01 -

3.00E-01 1

2.00E-01

1.00E-01

0.00E+00 -

Happiness

Surprise

Fear

Disgust

Sadness

Anger

Neutral

Other

Dknow

mFACS
WFACS+EDU

mFACS+EDU+Texture

W Observations
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Conclusions and Future Work

Conclusions

New approach
No ground truth hypothesis
Promising preliminary results

FutureWork

Appropriate discrete test for prob. distributions
Segmentation

Other model structures

Dynamic version
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