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Pervasive eye tracking

Rich user models Stationary/Mobile
Multimodal sensing Controlled settings
24/7 @ Calibration-free
Everyday Accurate

Natural interactions Robust
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Pervasive eye tracking

=

that sense, analyse, and adapt to users' gaze in
all interactions that users perform in everyday life

Next generation human-machine systems

|
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1st International Workshop on Pervasive Eye PETME! 2011 - in corjuncion with
- - - UbiComp 2011
Tracking and Mobile Eye-Based Interaction ’

PETMEI 2011 Topics Submissions Organisers Keynote Program Venue Sponsors Call for Papers

PETMEI 2011 Important Dates

Paper Submission:

Recent developments in mobile eye tracking equipment and automated eye movement June 6, 2011 (closed)

analysis point the way toward unobtrusive eye-based human-computer interfaces that Notification of Acceptance:
are pervasively usable in everyday Iifel We call this new paradigm pervasive eye tracking :I June 30, 2011
continuous eye monitoring and analysis . I'he potential applications for the ability to

. Camera-ready due:
track and analyze eye movements anywhere and anytime call for new research to further July 18, 2011
develop and understand visual behaviour and eye-based interaction in daily life settings.

Workshop:

September 18, 2011
PETMEI 2011 will focus on pervasive eye tracking as a trailblazer for mobile eye-based

interaction and eye-based context-awareness. We provide a forum for researchers from

human-computer interaction, context-aware computing, and eye tracking to discuss g::;:::sctBumng

techniques and applications that go beyond classical eye tracking and stationary eye- Andrew T. Duchowski

based interaction. We want to stimulate and explore the creativity of these communities Paivi Majaranta

wiith racnanrt tn tha imnliratinne kkawv racaar~rh ~rhallannae anA nawr annliratinne far WWW petmel Org
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Pervasive eye tracking: A growing topic
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Goals

0 Exciting new applications impossible before

\lllpll
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Living in a pervasive eye tracking world

Dream decoding
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Living in a pervasive eye tracking world
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(In-)Attention monitoring
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Living in a pervasive eye tracking world

Measuring | -
comprehension
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Living in a pervasive eye tracking world

Anticipatory systems
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Living in a pervasive eye tracking world

Preference
learning

vy
Coltecr,

Visual search support
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Living in a pervasive eye tracking world

Autism diagnosis
and monitoring

Quantified self
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There is still a long way to go...
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Sensing Analysis Interaction
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Goals

' lllpll

e Recent advances in pervasive gaze sensing,
analysis, and interaction

e Data-driven methods are instrumental
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Motivation
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Joint attention Human-machine

e Eye contact is pervasive in social communication

» Can signal attention, interest, attraction, ...

e Eye contact detection has potential for a range of applications

» Personalised health (autism), intelligent tutoring systems, social robotics, ...
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Everyday eye contact detection

¢ Previous methods required special-purpose eye tracking equipment
and/or assumed controlled settings

¢ First method for eye contact detection in daily-life settings that only
requires a single off-the-shelf camera
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Everyday eye contact detection

https://www.youtube.com/watch?v=ccrS5XuhQpk
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Unsupervised gaze target discovery

. Target object
B Camera

B Other distractive
objects
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Unsupervised gaze target discovery

Face and facial
landmark detection

(a) Face & facial v
landmark detection '-h
L

Face & facial
landmarks
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Unsupervised gaze target discovery

Appearance-based
gaze estimation g

(a) Face & facial = (b) Full-face
landmark detection '.' ~ gaze estimation
> —_— >

Face & facial
landmarks

Training images
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Appearance-based gaze estimation

Real-world data (MPlIGaze)
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Deep learning
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Cross-dataset evaluation: +41%
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Full-face appearance-based gaze estimation

—

[ Zhang CVPR'15 I Krafka CVPR'16 (AlexNet)

I Krafka CVPR'16 B Single face

B Two eyes Bl Spatial weights CNN (ours)
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Zhang et al., It’s Written All Over Your Face: Full-Face Appearance-Based Gaze Estimation, Proc. CVPRW 2017
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Unsupervised gaze target discovery

Spatial
weights |
Estimated 3D gaze

direction projected to
camera image plane

wy s Ao
(a) Face & facial = (b) Full-face
landmark detection '-h ~ gaze estimation BN
> —_— > )
Face & facial % !
landmarks

Gaze locations p
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Unsupervised gaze target discovery

Gaze locations p in the
camera image plane

1
1
1
)
]

]
1]

/ Density-based
! clustering

(a) Face & facial g (b) Full-face e
landmark detection ) gaze estimation A
> ' Eldeiuliana G .

Face & facial
landmarks

Training images Gaze locations p
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Unsupervised gaze target discovery

Camera

The target is assumed to be
a single salient object
closest to the camera

(a) Face & facial = (b) Full-face
landmark detection '-. gaze estimation
> —_— >

Face & facial
landmarks

Training images Gaze locations p Clustering result
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Unsupervised gaze target discovery

Samples in the cluster closest to the
camera are labelled as positive,
others as negative

(a) Face & facial (b) Full-face " (d) Target cluster
landmark detection ~ gaze estimation - selection >
L _’ —————————
Face & facial
landmarks
Training images Gaze locations p Clustering result Positive/negative labels
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Unsupervised gaze target discovery

& e s Sl v("‘i ‘ ok s : 3

(a) Face & facial = (b) Full-face A N : " (d) Target cluster

landmark detection ~ gaze estimation % (c) Clusterin A, | TIOR RRa selection
> '-h gaze estimation, : > g AT

Face & facial
landmarks

Training images Gaze locations p Clustering result Positive/negative labels

Feature extraction . [4096 dimensional

"’|CNN feature f

' Eye contact detector training
| using labelled samples and
Fe--------- i face feature after deployment

%IS” >5+>«PJHD

Face feature

AUOD
AUOD

AU
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Sample gaze distributions

B camera

I target object
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Performance evaluation

B Ours

[T Face Clustering
EEH Gaze Classification
| XX
[ooo00
/A1

Gaze Projection
ooooo Head Orientation Projection
| Smith et al. UIST'13

Object-mounted Head-mounted

ETRA 2018 Keynote | Pervasive Gaze Sensing, Analysis, and Interaction: The New Frontier | Andreas Bulling

31



Multi-target eye contact detection”
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Sensing Analysis Interaction
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Computational gaze behaviour analysis

Task =@ Gaze behaviour Gaze behaviour = User model

Copy Read Write Video Browse Null

||||||||||||||||||||||||||||||

012345678 91011121314151617181920212223242526272829

>
time
X Specific eye characteristics v Full gaze behaviour
x Controlled stimuli / tasks v' Everyday activities
X Short-term v Long-term
x |Laboratory settings v Dally lite
x Gaze-only v' Multimodal
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Computational gaze behaviour analysis

G G :
azeh v Rich eye movement features
Y Y
Baseline Drift Baseline Drift [ Saccad es
Removal Removal .
Mean/variance of saccade
Y Y ' . ' ' '
Noiso Noiso amplitude in different directions,
Removal Removal saccade rates, ...
Y Y . .
Saccade Saccade ¢ FIX&TIOI’]S
Detection Detection Fixation rate, mean/variance of
________________ — fixation duration, ...
| Y i Y
| EyeMovement |i] |  Fixation | Blink ° '
Encoding i Detection Nl Detection Bl In kS .
| Blink rate, mean/variance of
Y ! . .
| Wordbook || > Feature blink duration, ...
; Analysis - Extraction
! e Eye movement sequences
Feature | I
Selection » Classification
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Computational gaze behaviour analysis

Recognition of reading Recognition of Recognition of office
activity in transit document types activities

Recognition of
high-level user context

Long-term activity discovery

EgmmaE N
»r’ [ = L)
C) Tocuse orl

(a) outdoor

(f) computer work
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The eyes: A window into the mind

Attention

Cognitive load

v

v

» Visual memory / visual search

» Learning / experience

Cognition-aware computing
Computing systems that sense and adapt to
users' cognitive states/processes

Bulling, PhD Thesis, ETH Zurich 2010 / Bulling and Zander, IEEE Pervasive Computing 2014
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Cognition-aware computing

Visual memory recall Cognitive load

Personality traits
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Visual search
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e Pervasive activity

» Significant potential for developing assistive search interfaces

e Observation: Particular search intent results in specific gaze behaviour

Can we predict users' search intents
from their gaze behaviour?
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Prediction of search intents

¢ Prior works focused on the closed-world setting

Fi: Fixations 1 2 3 4 45
li; Search intents
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Prediction of search intents

e Closed-world prediction is severely limited

» All potential search intents and corresponding fixations are required at training time

¢ \We instead study open-world prediction

We still predict over
a finite set of search intents!
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Prediction of search intents

¢ \Ve require a learning mechanism that can predict over a set of intents
that are unknown at training time

» Standard supervised learning not possible any more

¢ |dea: Learn compatibilities between fixations and search intents
that (hopefully) generalise to other fixations and intents

Frlel _—) (F,])>Ye{0l

closed-world open-world

e \\Ve propose a featurisation of fixations using visual (image) information

(0(F),I)— Y €{0,1}
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Bag of visual words

Collage 1 Collage 2 Collage 3

Fixations on collage

. Patch extraction Clustering Visual word vectors
as key points
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Results: Closed-world

Accuracy [%]

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11P12

Amazon O'Reilly
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Results: Open-world

Accuracy [%]
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e QOptimumk =——Averagek ===Minimum K
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Patch size [pixels]
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40
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e Optimum K Average K === Minimum K
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Patch size [pixels]
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Motivation

e Previous works assumed a concrete search intent

¢ |n practice, search intents are often abstract, e.g. "red dress”

User 2 User 3
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Mental image search

e Highly challenging because the same mental image can result in
drastically different fixation behaviour

Cardigan Floral dress

Can we predict the category or
attributes of mental images?
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Prediction of mental image search intents

e Collecting large training corpora is prohibitive for human gaze data

¢ |dea: Use fixations only as an attention mechanism to selectively weight
a pre-trained deep image representation = Gaze Pooling Layer

Gaze Pooling Layer |

Gaze Pooling Layer |

Gaze Pooling Layer

Fixation Density Map

Gaze Pooling Layer
Floral
B s

Lace

CNN Features

%
s )ITHLED NN
Uy
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Gaze Pooling Layer

Fixation density map

D .
: — -y |

Gaze Pooling Layer

e Fach fixated image is encoded using a pre-trained CNN

¢ |mage representation and fixation density maps are combined using
spatial re-weighting, followed by global average pooling

e Final prediction by integrating class posteriors across all fixated images
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Quantitative results

Global vs. Category ——— Attribute
Local Topl Top2 Top3 Accuracy
Global 31%+5 48% 8 62% +£8  20%=1
Local 49%+7 68%+6 T8%+L6 26 %=1

Global v o 52%+6 68%+6 T8%+6  25%+1
Local vV o 57T%+8 74%+7 84%+4 34%+1

e Global: uniform weight across the whole fixated image
e | ocal: localised weights for each fixated image

¢ \Veighting of average class posteriors using fixation duration
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Take home messages

e A lot still remains to be done to fully realise the
vision of pervasive eye tracking

\lllpll
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. . . . HEEEE University of Stuttgart
| am looking for highly motivated and skilled

----------- Germany
PhD students and PostDocs background in
) Machine learning ] -
Simlech -
i) Computer vision or graphics Cluster of Excellence
? 161
Strong interest in applying these methods to HCI
CyberValley

Excellent programming skills

s

&) BOSCH Al

Fluent English written and presentation skills <

- Mercedes-Benz

If you consider yourself to belong to the top 10%
of your peer group I'd love to talk to you!
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