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Overview

* Anthropomorphic robots — state of the art
* Mechatronics design
* Human — robot interaction
« Emotional control architecture
* Interactive behavior
— facial expression and gesture
— dialog system
» Perception of Interacting Partners
— acoustic perception
— emotion recognition

RLA

ITHe RosoTICS RESEARCH LAB




Why Humanoid Robots at All?

Mechanical
Figures

First Humanoids

Humanoid

Robots Today's

Humanoid

//R L A robots Androids
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Requirements and Research Tasks

* What skills must exist to manipulate any kind of objects?
* How can we find these skills and how can we optimized them?

* How reliable is the robot system?

* How can the robot communicate with a human operator and
vice versa?

What must be known about the environment and about human
operators?

Answers can be derived from:

Biology, Psychology, and Sociology
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Mechatronics Design
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Anthropomorphic Robot Hands

Fa. Otto Bock,
Duderstadt

Karlsruher Hand (FZK)

Fraunhofer,Magdeburg
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Humanoid Arms

(C) TAKANISHI LAB
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Robot Heads

Androids

For more information see http://www.androidworld.com/
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Mechanical Construction

Human sized mechanical design
* natural ranges of motion

* motors and sensors included in the
body

Degrees of freedom

¢ 10 DOF skin

« 3 DOF eyes

¢ 1 DOF mouth

* 4 DOF neck

* 3 DOF upper body
« 7 DOF arm

* 6 DOF hand

11

Mechatronics of ROMAN
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Single Jumping Leg Prototype

« DC-motor actuated

* low gear ratio (1:32)

* minimal inhibition

* |ow level: force control

 high level: behavior based

control

allows human-like motions
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Dimensions Jumping Leg Prototype

Hip joint 4,5 kg
(incl.

mounting)

Femur 5,4 kg

Upper tibia 0,8 kg

Lower tibia 0,8 kg

50 mm

467mm

267
mm

187
mm

Total 155kg | 972
mm
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Human-Robot Interaction

Why to Improve Human-Robot Interaction?

Humanoid robots as
¢ assistance system
e service robot

Interaction and communication

* currently interaction limited to
input-devices

e more than 60% of human-
human interaction non-verbal

mmm)p A natural way for human-robot interaction is needed!
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Key Challenges

Sheridan mentioned eight long-term challenges in the
development of naturally interacting robots during the
key note for the RO-MAN conference in the year 1997

It would also be useful if the computer could have a
“mental” model of the human, and what he or she is
doing, feeling, thinking or planning. This might be based
on measured facial expressions or other body
language, or upon inferences from past verbal
utterances or past behavior in operating the system.
The ideal would be analogous to two people who know
each other well, and can pick up subtle cues from one
another in order to collaborate. [sheridan97]
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Psychology Interaction Categories

Paralanguage  Information transmitted on top of speech signals but not
directly related to the content

Kinesics Describes any type of body motion including head, facials,
trunk, hands and so on

Proxemics Perception of distance zones, spatial arrangements and
sensory capabilities is a key factor of any conversation

Olfactory Scent of interaction partners has also an in uence i n close
situations — minor interest in public situations.

Haptics Interaction signals like hand shaking, beating or grabbing
require an embodied agent and direct feedback — beyond this
work

Artifacts In uences a communication process or are even necess ary
like game pieces during play

Language Spoken words and the content that is being transmitted — not

directly included in the model
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Paralanguage Subcategories

Perspective aspects

Concerned with spatial relationships including place, distance,
orientation and transition channel — examples are attention attraction
and turn-taking

Organic aspects

Modi cations of speech caused by the differences of the vocal tract —
information like age, gender and pathology can be transmitted

Expressive aspects

Variations in speaking rate, pitch dynamics and voice quality —
information like emotion, attitude and environment

Linguistic aspects
Transmit primarily the message itself additionally also dialect, accent
and speech style
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Current Interaction

Interaction and communication

* predefined dialogs

» colored objects as points of interest
* uniform reaction on input stimuli

Thesis

Humanoid habits of interaction
controlled by an emotion based
architecture are necessary for
natural human-robot interaction.
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Emotion-based Control Architecture

Requirements for the Control Architecture
* Interaction abilities
« Social behaviour

Social intelligence

« Social intelligence = emotional intelligence
A. Damiaso: Error: Emotion, Reason, and Human Brain (1994)

Thesis:
An Emotion-based Control Architecture
IS necessary to realize a social robot!
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Characteristics of Emotion

* Regulative Function
* Rating Function

« Selective Function

* Expressive Function

« Motivational Function

H.R. Lickert and I. Lickert (1994) Einfihrung in die Kognitive Verhaltenstherapie Allgemeine
Grundlagen. Ernst Reinhardt Verlag, Basel , Schweiz
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Psychological Insights on Motives

« Activation: Specific behaviors are activated

« Direction: The activity is directed to a specific goal and lasts until this
goal is reached or a motive of a higher priority level gets active

* Intensity: The intensity of the activity of a motive can vary
« Duration: In most cases the activity maintains until the specific goal
Is reached.
Hobmaier, H. (2003) (Ed.). Psychologie, Bildungsverlag EINS, Troisdorf, Germany
* Motives have a time depending cyclical character

Toman W. (1973). Einfihrung in die Allgemeine Psychologie
Verlag Rombach, Freiburg, Germany
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Emotion-Based Control-Architecture
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Appraisal System

How to derive emotions?

« Determining emotions depending on situation appraisal

* Result: high level situation description using 3 parameters:
— Arousal: how thrilling is a stimulus
— Valence: how favorable is the situation
— Stance: how desired are new stimuli

These parameters influence the robot’s behavior and determine its
emotional expressions and reactions.
[Ortony88]
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Appraisal System: Arousal

e Arousal depends on intensity
of stimuli

« If a stimulus is unexpected,
arousal is increased by factor
unexp

* Weight_arousal: influence of
the currently calculated
arousal on the robot’s arousal

* In absence of stimuli arousal
decreases
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Appraisal System: Valence

« Valence is the weighted sum of all motives
target ratings

* Weight_valence describes how fast the
valence value changes
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Appraisal System: Stance

« Stance depends of
satisfaction and
environmental situation

* If the robot blames an
object for satisfaction,
stance increases.

* If the robot blames an
object for no satisfaction
stance decreases.

* Pos/neg_step_size,
defines the velocity of
changes of stance
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Realization of Motives

Motives are behavior module of the iB2C

é

* 3 Inputs: Stimulation(s), Inhibition(i), l Motive >—a
and Data Input(e) ’ - 7

« 3 Outputs: Activity(a), Target Rating(r),
and Data Output(u)

e 4 Internal Functions: * Realized motives:
— Target Rating Function — Exploration
— Activation Function — Communication
— Activity Function — Self protection
— Transfer Function — Obey humans

(calculates data output) — Playing tangram
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Example Exploration Motive |

« Target Rating (r):
— Internal goal representation
— 0 = satisfied, 1 = unsatisfied ggt (e,w, Dt) = A B
— e: vector of percept activity =0 j=gWi tmax
— w: weights for the percepts
— Dt: elapsed time since last
activation
— t.. Maximal possible time
— N: number of percepts
* In Exploration Motive
— Weight for “Interesting Object”
is 1, others are O
— t.. IS Set to 30s

r(Sat (e,w,Dt)) =|Sat (e,w, Dt)
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Example Exploration Motive Il

* Activation (i):
— Upper limit for the activity
— RangefromOto 1
— s: stimulation is,i)=sx1- max(iy...iy ))
- inhibition
— N: number of inhibiting motives

* In Exploration Motive:

— Stimulation always 1, in absence of stimuli the robot should look
for new ones

— Inhibition by activity of communication and tangram playing
motive, robot should interact with humans
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Example Exploration Motive Il

* Activity (a): | |
— Range from 0 to Activation a(g(r./)h(e,w)) =max(g(r./) h(e.w))

— High activity = high influence 0,ifr s <tg
on the robot behavior

_ g(r,/)= 1ifr¥>ty
— r:target rating

: - r %, else
— i activation
— e: vector of percept activity N-1
— w: weights for the percepts hlew)= NIy € Xat-1
=0 j=0 i

* In Exploration Motive:
— Lower-threshold =0

— Upper-threshold = 1 — valence-value of the robot’s emotional
state
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Example Exploration Motive IV

« Data Output (u):
— e: input data
— Calculating which
habits to stimulated

u =F(e,Sat(e,w,Dt))

* In Exploration Motive:

— Calculated on the information whether interesting object is
present or not

— If e.g. face is present; habit to focus the face is activated
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Combination of Motives

Related motives
are grouped

Motives realized
on different
priority levels

Modular set-up
for easy
exchange and
expansion

&

Video of ROMAN
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Interactive Behavior

Facial Expressions and Gestures

Generation of Facial Expressions |

* There are a large number of coding methods, which are developed
and applied in scientific research

« The face structure plays an important role with the production of the
face expression and its perception

* An action unit characterized like each individual face muscle (or
combination of face muscles) to the skin and bone to be set, so that
a human expression comes
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Generation of Facial Expressions Il

* The most frequently assigned codification systems in the
psychological research are:

— FACS (Facial Action Coding System) (Ekman and Friesen, 1978)
— MAX (lzard, 1979)

* FACS is based on an anatomy representation system, which
describes the muscular basis of the face expression and which
classifies changes of appearance on the face by muscle movements

Action Unit

89

FACS |

[Ekman78]
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FACS I

e Actionunit 1 - Inner brow raiser
— Pulls the inner portion of the eyebrows upwards
— Wrinkles in the center of the forehead
* Action unit 2 — Outer brow raisers
— Pulls the lateral (outer) portion of the eyebrows upwards
— The lateral external part of the eye-lid pulled upward
e Action unit 4 - Brow lowerer
— Lowers the eyebrow

— Pushes the eye cover fold downwards and may narrow the eye
aperture

— Pulls the eyebrows closer together
— Produces vertical wrinkles between the eyebrows
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FACS Il

e Action unit 5 - Upper Lid Raiser
— The eyes are opened completely
— The upper eye-lid is pulled upward till it is not or only partially
visible
¢ Action unit 6 - Cheek Raiser and Lid Compress
— Draws skin towards the eye

— Pushes the skin surrounding the eye towards the eye socket. The
eyes are partial closed. Under the eyes wrinkles emerge

e Action unit 7 - Lid Tightener
— The eye-lids are pressed together
— The eyes are only partially opened
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FACS IV
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FACS V

e Action unit 10 - Upper Lip Raiser
— The upper lip is raised upward
e Action unit 12 - Lip Corner Puller
— The corners of the lips are pulled diagonally upward

— If the action is strong, the eyes are partly closed and the skin
under the eyes accumulates itself up. Wrinkles at the chin can
occur also with some persons

e Action unit 15 - Lip Corner Depressor

— The corners of the lips are pulled downward

— Folds on the chin and in the corners of the mouth
« Action unit 17 - Chin Raiser

— The chin is pulled upward

— The lower lip is pulled upward

44




FACS VI
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FACS VI

Action unit 20 — Lip Stretcher
— The lips are pulled laterally

— The skin is pulled laterally on the chin and over the lips. Folds
can occur

Action unit 24 — Lip Presser

— The lips are pulled together, however the chin should not be
pulled along

Action unit 25 — Lips Parts
— The lips go apart however the jaw does not move
— Thereby the lips are not pulled
— The jaw is only lightly moved down
Action unit 26 — Jaw Drop
— The jaw is moved down, the mouth remains open
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FACS VIII
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FACS IIX
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List of all Action Units

* 1 Inner Brow Raiser -- :

e 2 Outer Brow Raiser -- :

e 4 Brow Lowerer -- :
* 5 Upper Lid Raiser --

* 6 Cheek Raiser -- :

e 7 Lid Tightener -- :

* 9 Nose Wrinkler --

* 10 Upper Lip Raiser --

« 11 Nasolabial Deepener --

« 12 Lip Corner Puller --

¢ 13 Cheek Puffer -- (a.k.a. )
* 14 Dimpler --
e 15 Lip Corner Depressor -- (a.k.a. )
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List of all Action Units

* 16 Lower Lip Depressor -

e 17 Chin Raiser -

» 18 Lip Puckerer - and

» 20 Lip stretcher - w/

e 22 Lip Funneler -

e 23 Lip Tightener -

* 24 Lip Pressor -

* 25 Lips part - or relaxation of , or
e 26 Jaw Drop - , relaxed and internal
e 27 Mouth Stretch -

e 28 Lip Suck -

* 41 Lid droop - Relaxation of

o 42 Slit -

* 43 Eyes Closed - Relaxation of
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List of all Action Units

. 44 Squint -

« 45 Blink - Relaxation of

* 46 Wink - Relaxation of

51 Head turn left
52 Head turn right
53 Head up

54 Head down

55 Head tilt left
56 Head tilt right
57 Head forward
58 Head back

61 Eyes turn left
62 Eyes turn right
63 Eyes up

64 Eyes down
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FACS IX

Emotion Action unit combination

* Happiness
¢ Sadness

» Disgust

* Anger

* Surprise

* Fear

6+12+25
1+4+15
10+17+4
4+5+7+24
1+2+5+26
1+2+4+5+20+25

for more information see
http://face-and-emotion.com/dataface/facs/manual/TOC.html
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Expressive Humanoid Robot Face
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Problem Areas

Which areas of an artificial skin must be moved and in which
direction to simulate the Ekman'’s action units?

How can the number of action units be reduced?

How important is the velocity when moving from one emotional state
to another one?

Which trajectories in the emotional space look natural when
switching between emotion?

Is it possible to express an emotion like fear more or less strong
through different activations of the corresponding action units?
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Internal Representation of Basic Expressions

e Arousal:

how thrilling is a stimulus
* Valence:

how favorable is a stimulus
e Stance:

how desired are new stimuli

B5

Skin Contact Areas

Advantage of the use of servo motors:

able to push and pull  reduction of actuators
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Generation of Emotional Expressions

» Using HI (Habits of Interaction)
for complex behavior
generation

« Combining neighboring HI to
more complex Hl

« Combination concerning the
morphologic mockup of human
brain

 Examples
— Basic HI: Turn Head Left, ...
— Head HI: Shake Head, ...
— Complex HI: Focus Face, ...
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Time-dependent Characteristic

* Hlis a extended behavior module with a 2d-activity-function
depending on motivation and time

« Example above for fixed motivation value
 Each HI has its own characteristic time function

with parameter g = gradient, n = negative gradient, t = time the
max is hold, and x = the plateau that is hold
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Intensity of Expressions

Motive “Emotional Expression” s, = stimulation of the
calculates the motivation for emotioni
the corresponding Hl. diag = diagonal through the
emotional space
P, = pointin the emotional
_ _ space which represents
S = diag- |Pi- E| the maximum  expression
diag of emotion i
E = input vector representing
(A, V,S)
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Facial Expression Generation

e 6 HI corresponding to the
basic emotions

« Basic emotions:
— anger, disgust, fear,
happiness, sadness, and
surprise

* Output is merged by weight
fusion

mmmp Every expression as mixture
of the basic emotions.

=) |nfluence of body posture

and speech by the
emotional state
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Stimulation of the Basic HI

Basic HI vector for basic emotion i: bhii = (bhii L ,._.,bhii n)
where n is the number of basic HI

The stimulation s; for every basic Hl j is calculated: § = bhii j a (t)
where a;is the time depending activity of basic emotion i

The output vector of basic emotion i: u = (31 - Sn)

Weighted fusion of control parameters of each basic emotion :

* a (b

5

k=0 a (t)

j=0

®
u= U,
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The 6 basic Emotions of the robot ROMAN

Anger Disgust Fear

Happiness Sadness Surprise
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Psychological Coding Scheme for Gestures

« Psychological classification of gestures accompanying speech
according to Mc Neill

[McNeill92]
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Examples of Gestures

Beats like gesture Iconic gesture
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Module for non-verbal Communication

* Basic habits of interaction
— Individual joints* control
¢ Complex habits of interaction
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Module for non-verbal Communication

Complex habits of interaction
* Actions

— Atomic movements
(muscle stimulation)

* Responses
— Body restrictions

— Straighten up
(stabilization,
maintaining functionality of
other modules)
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Module for non-verbal communication

Complex habits of interaction
¢ Communication signals
— Attitude
— Communication need
— Desire
— Feelings

* Emotional expressions
— Ekman‘s 6 emotions
— Mehrabian‘s 12 emotions
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Implementation of gestures

« Actions

— Parameterized
modules

— Hand actions based
on HamNoSys
(wrist and fingers)

— Arm actions
typical positions
(upper arm and
forearm)
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Realized Gestures

69

Interactive Behavior
Dialog System




Dialog System

dialog file
<dialog dialog_id="guide_to_lab">
<SUI_dialog>
<SUI_settings>
</SUI_settings>
<var type="bool" name="target_reached, value="false"/>
<waiting_for_userinput>

4L
T
Flexibility of the Dialog System

* Framework to describe human-machine dialogues and to control
their execution

* Interface for easy exchanging of speech recognition and speech
synthesis software

=) State-of-the-art software can be used

Dialog file also contains information on conscious expressions!




VoiceXML

Some VoiceXML-Elements:
» Dialog

* Settings

* Help, No-input

*  Prompt, Re-prompt

* Sentence

« Exit

* Var, Variable Link, SetVar, Subscribe for Servicelnput
* System Call

« If, Else, Elseif

* Goto (® Mark)

*  Wait
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Example Dialogue File
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Elements of the Finite State Machine

* Elements, describing state:
- help (this state is always reached when “help” is selected)
- noinput (this state does not expect any input)

- prompt, re-prompt (when this state is reached a text-output is
generated directly)

- set_var (varibales are set)
- wait (the execution stops for a certain time)
* Elements, describing transitions:
- sentence (if a certain sentence is recognized)
- if, elseif, else (if a condition is satisfied ...)

* In addition it is possible to communicate by events with other
control parts of the robot system.

» Dialogs can be selected explicitely by the user or by a higher level
part of the control system.
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Example Finite State Machine for a Dialog

_ Hallo Marvin
Hallo Marvin

Mir geht es gut Mir geht es schlecht

Bring mich zum Labor
if(target_reached
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Dialog Example

What is the time?

7

ROMAN Communicating
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Perception of Interaction Partners

Perception capabilities of Human Beings

« 5 Senses
— Hearing

* Widely spread in robotics
(microphones)

— Seeing
 Available using cameras
— Touching

 Also possible using bumper and
force sensors

— Smelling

* Not wide spread but possible
— Tasting

« Minor solutions for tasting

Quelle: http://www.beste-tipps-zum-deutsch-lernemt
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User Model - Available Percepts

* Embedded information

* VoiceActivity

* Speakerldentification

* HeadPoseEstimation

» StereolmageDepthinformation
» ParticleFilterBasedHeadTracker
« SkinColorDetector

* HaarCascadeClassifier

* EmotionDetector

* GestureDetector

e TangramAnalizer
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Audio Percepts - Human Sound Localization

Human Capabilities

Level Differences The intensity of
the sound at the two ears differ

Time Differences The time of
arrival at the two ears is
different

Spectrum Differences Each ear
has a unique transformation of
the frequency spectrum related
to the sound direction

[1]
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Audio Percepts - Beamforming

For each Point Pi = (x; y; z) and Frame f the outputsignal y(n)
and energy E are calculated using the crosscorrelation Rx1;x2
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Audio Percepts - Beamforming - Point Cloud

Regular grid with points Random grid with variing
located on spheres with equal  desities — dense in close

distances and wide in far range
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Moving Sound Source Experiments

Experimental Setup
¢ Temporal dscrete Motion

* Regular grid Structure with 640
points at distances of 2m, 95cm,
65cm und 35cm

* Localization in frequency domain

* Experiments run in noisy office
environment

Experimental Results — Position Plot




Voice Based Speaker Recognition

Speaker Recognition - Experiments

« Experiments with speakers from workgroup
* 3 min recording splitted into 2min training and 1min validation
« Average recognition results 87%

* Recognition rate drops significantly if environmental influence
changes




Perception: Vision

* Possible Task: Object Recognition or Classification
— Use class characteristics to identify category of visible objects
— Various approaches do exist:
« Color based
Shape Based
Feature Based
Relation Based
Model Based

* Introducing the Haar Cascade Classifier a feature based approach
for object classification (Viola2000)
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Biological Motivation

* Biopsychology is research Area for human
perception

— New insights into brain activity
— Transferable results of sensor usage

* Researcher found simple cells in the cortex
reacting on bright/dark features

— Cells are active if light hits ON regions AND
light does not hit OFF regions

— Active areas have different size, orientation
and distribution

— Itis assumed that these cells are used to
detect areas of interest

Source: J. Pinel — Biopsycholoie Eine Einfiihrung - Baer
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Harr Cascade Features

* Three kinds of features
— Two-rectangle feature (A,B)
— Three-rectangle feature (C)
— Four-rectangle feature (D)

{TESTEET ST I NI TR
e

* Generate a large set of features
by translating, scaling and
mirroring the basic features %
inside a surrounding rectangle :

* Viola and Jones 2001 claim
45.396 features in a 24x24
pixel rectangle (more are
possible)

Source: Viola Jones 2001 - Rapid Object Detectidngua Boosted Cascade of Simple Features
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Feature Computation using Integral Images

— —

Picture Grayscale picture Integral-Image
« Sum of gray values in rectangle D is : | "
D Si(R,)- i (R,) - ii (R) +ii (P) c b
J A

« Array accesses for feature calculation
— Two-rectangle 6

— Three-rectangle 8 . B o
— Four-rectangle 9 i(x,y)=i(X,y)
XEX,Y'EY
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.1
Define Weak Classifiers

» Weak classifier form basis of classification process
They classify an selected image region by evaludlirgyiven feature

f, Feature f with index |
X Image region

h; (X) Weak classifier
P;  Parity of the feature (may invert black and white)

d;  Threshold of the detection
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Learning Strong Classifier using AdaBoost
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Generate Cascade of Classifiers

Weak classifier are not sufficient for object classification since only
one aspect of the object is evaluated

Strong classifier combine the output of weak classifier

— High detection rate due to the combination of a large set of simple
features

— Extremely high computational costs since all features have to be
evaluated and summed

Classifier are not usale  SpeedUp required !!!

New Idea: Cascade of classifiers
rejects image regions at early
stages with low computational effort
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Training of the Haar Classifier Cascade

The false positive rate F can be calculated
multipliing the rates of each classifier in the
cascade

— K number of features in the cascade
— f, False positive rate of the ith classifier

Corresponding to F the detection rate D is
calculated as multiplication of all detection rates

The goal of the training process is to minimize F
and maximize D
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Training algorithm for the haar cascade
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Properties of Haar Cascade Classifier
* Positive

— Relatively robust to noise and background clutter

— Quite fast detection of objects (about 200ms on a 1024x768 pixel
image with a size of 24x24)

* Negative

— Extremly dependend on the set of training images
— Not usable for deformable objects
— Color information is discarded

— Quite high false positive rate required for stable detection
(postprocessing needed)
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Example: Facial Expression Recognition

* Feature Localization

* haar classifier for faces, eyes,
mouth corners and lips

 skin color filtering for the
eyebrows (heuristic models)

* estimate activation of action
units for emotional state
estimation
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Facial Expression Interpretation

Interpretation of Facial Expression
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Facial Expression Recognition Results

« Distinguish Left and Right Side

* Modify Emotional Rules to
match Detected Features

¢ Happiness, Sadness and
Surprise are well detectable

* Fear, Disgust and Anger hard
to distinguish
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Head Pose Estimation

« Transformation of RGB image into brightness, hue, and saturation




Face Detection

« Take intersection of candidate
regions from color processing
and appearance processing

* Finding of additional faces by
scanning sub-regions of image

Face Tracking

« Sparse tracking technique
(Pyramidal Lucas-Kanade tracking with Harris corners)

* Purely two-dimensional
* Relatively robust to blurring

* Avoiding false measurements by selecting corners only in the center
of the image




Head Pose Estimation

* Finding three-dimensional pose (translation, rotation) of an object
« Approach: Model-to-image registration
— Two-dimensional features (image points)

— Three-dimensional distribution model of features (model points)
find position of camera in model coordinates so that model
projection fits seen image points

Model to Image Registration

* POS algorithm ("Pose from Scaled Orthographic Projection™) for
approximated pose

* POSIT (1995) — POS with ITerations for refined pose
* Model point and image point correspondence needed for POSIT!

« For cases without known correspondence:
SoftPOSIT (2002) for simultaneous pose and correspondence
estimation




Head Pose: Frontal View & Side View

* Facial features for frontal view
are located on two planes

* The nose is the only facial
feature providing depth

« Turning the head to the side
results in a covered eye

» Features located on one side
of the head are nearly coplanar

Head Pose: Projection Ambiguity

* Projection ambiguity: With coplanar features the pose can not be
determined exactly

* Model fitting becomes unstable, switching between poses




Head Pose: Increasing Model Depth

*  "Virtual feature" in the center of
the model increases depth!

* Virtual feature is located in the
center of the head image

« Stabilizes pose estimation when
rotating the head

« Special care needed for
movement

* Pose estimation problem solved?
Not yet...

Multiple Appearances of a Feature

* Facial feature's appearance depends on viewing angle

 Visibility cones used to split a feature into sub-features
« Switching between sub-features accordingly to current head pose




Test with Artificial Features (1/2)

* Test object: White mask with artificial features
* Green features seen from the front, red and blue from the sides

Test with Artificial Markers (2/2)




Test with VIdTIMIT Database (1/2)

« Videos containing people turning their heads into extreme poses

* Measuring how far the system can follow a face with and without
feature switching

Test with VIdTIMIT Database (2/2)

* Result: With feature switching twice as far
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