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Abstract

Half a century of eye tracking has led to
remarkable progress in the development and use
of the technology. My earlier characterization of
applications as either interactive or diagnostic was
largely influenced by an analogous demarcation of
computer graphics algorithms: real-time or offline.
Interactive eye tracking applications now include
gaze-controlled depth-of-field graphics effects
designed to increase comfortable viewing of 3D
stereoscopic displays, and are in general heading
towards contextual support of multimodal
iInteraction styles. Diagnostic applications are
benefiting from analytical innovations as well as
standardization efforts. In my address | will provide
a snapshot of recent advancements, including a
few of my own contributions.
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Comfort Zone?

* Why “in the Comfort Zone™?

* A lot has changed in a short
period of time:

—mainstream applications

—cheaper hardware

—(large-scale) analytics
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Eye tracking

* Why “in the Comfort Zone™?

 And of course a lot more research!
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Overview

* Diagnostic and interactive applications

oast g/ redwooda trees norh

In 1908 an area of coastal redwood trees north of San Francisco was In 1908 an area of ¢ ™ of San Francisco was

established as Muir Woods Natiesa! Monument. John Muir was born in established as Muir W00d5 National M°“\“T\er\\ John Muir was born in
1838 in Scotland. When Jaiw was swwen his family moved to the 1838 in Scotland. When JOPW: s sde42N, Nis family moved to the
United States and settled # s John was good with tools and United States and setfled ir» “w s John was good with tools and
became an inventor in hus =& e & e first invented a model of a became an inventor in his 8. e first invented a model of a
sawmill. Later he invented an aamm cieck that would cause the sawmill. Later he invengeq \ed an alarm clock tha! would cause the
sleeping person to be tipped out of bed when the timer sounded. sleeping person tobe tippeq out of bed when the timer sounded.

After Muir left home, he took a thousand-mile walk south to the Gulf After Muir left home, he took a thousand-mile walk south to the Gulf

of Mexico in 1867 and 1868. Then he sailed for San Francisco. The of Mexico in 1867 and 1868. Then he sailed for San Francisco. The
city was too noisy and crowded for Muir, so he headed inland for the city was too noisy and crowded for Muir, so he headed inland for the
Sierra Nevadas. Sierra Nevadas.

Image source: Duchowski & Eaddy, 2009.

Irhage source: Yarbus, 1967. Image source: Kenan Bektas and Arzu Coltekin.

* Not quite a survey talk, however...
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Applications

* Diagnostic, driven by:
—analytics needs

* massively scaled web analysis

—complexity of stimuli
e video, dynamic AOls

—comparisons
« expert/novice

* Interactive, driven by:
—emerging technologies
—graphics trends
—multi-modality
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Diagnostics

* Trend toward automation
—e.g., Python scripts, R scripts
* Analytics pipeline:
—data collation, statistical analysis, plots

Image source: Krzysztof Krejtz, EG 2013 tutorial.
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Analytics pipeline

» Eye tracking vendors:

—do not provide good stats tools
 can hardly be expected to
» cannot anticipate all exp. designs

—do provide visualization tools —
—do provide data export facilities

Image source: Tobii Inc.

* S0...roll your own: —
—start with your own visualization
—check alignment (sanity check)

—check image dimensions,
mapping
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Analytics pipeline
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Analytics pipeline

1.Set up viz directory, condition subdirs
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Analytics pipeline

1.Set up viz directory, condition subdirs
e copy stimuli images, convert to preferred format (e.g., .png)
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Analytics pipeline

1.Set up viz directory, condition subdirs
e copy stimuli images, convert to preferred format (e.g., .png)

2.Get fixation (or raw) data (.csv, .tsv, .x1s, etc.)
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Analytics pipeline

1.Set up viz directory, condition subdirs
e copy stimuli images, convert to preferred format (e.g., .png)

2.Get fixation (or raw) data (.csv, .tsv, .x1s, etc.)

e may need to export from Excel
3.Parse with Python script (.csv to .f£xd)

e can get fixation data, fixations-in-AOl info, lots of useful stuff
4.Visualize with your own code (e.g., Ot, glut, OpenGL)
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Analytics pipeline

1.Set up viz directory, condition subdirs
e copy stimuli images, convert to preferred format (e.g., .png)

2.Get fixation (or raw) data (.csv, .tsv, .x1s, etc.)
e may need to export from Excel
3.Parse with Python script (.csv to .f£xd)
e can get fixation data, fixations-in-AOl info, lots of useful stuff
4.Visualize with your own code (e.g., Ot, glut, OpenGL)
e produce own .csv data, e.g., fixations per AOI
5.Collate .csv files into one large .csv for stats analysis

6.Write stats scripts (e.g., R) to test for effects
e and produce graphs (or can use gnuplot as well)
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Analytics pipeline

1.Set up viz directory, condition subdirs
e copy stimuli images, convert to preferred format (e.g., .png)

2.Get fixation (or raw) data (.csv, .tsv, .x1s, etc.)
e may need to export from Excel
3.Parse with Python script (.csv to .f£xd)
e can get fixation data, fixations-in-AOl info, lots of useful stuff
4.Visualize with your own code (e.g., Ot, glut, OpenGL)
e produce own .csv data, e.g., fixations per AOI
5.Collate .csv files into one large .csv for stats analysis
6.Write stats scripts (e.g., R) to test for effects
e and produce graphs (or can use gnuplot as well)

/.Automate everything with Makefile
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Statistics

 Use R for ANOVA

data = read.table(“fixations.csv”,sep=","”,header=TRUE)
data$subj <- factor (data$subj)

dataScond <- factor (data$cond)

dataSAOI <- factor (dataSAOI)

attach (data)

# within-subjects factorial ANOVA with AOI, cond factors
# SS Type-1 ANOVA

fit typel <- aov(fixations ~ (AOI*cond) + Error (subj/AOI*cond) ) ,data)

« Fairly easy to use, Exrror term is the tricky bit
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Statistics

 Excellent online references for R:

—Baron and Li's Notes on the use of R for psychology
experiments and questionnaires:

* http://www.psych.upenn.edu/~baron/rpsych.html

—The Personality Project:
* http://www.personality-project.org/r
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Data visualization

» Use good file naming scheme

8OO

* Visualization program:
—C++ with graphics, OpenGL
—GUI toolkit, Ot or GLUT

* Image mapping is important
—normalize coords
—shrink/stretch on demand
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Aggregate visualization

 GPU heatmap visualization (Duchowski, 2012)
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Target Calibration Grid

» Consider using TCG for own accuracy estimates
—include this image in stimulus set
—data allows fit correction via least-squares
—BUT...be careful with instructions to participants

Image source: Tobii Inc.

Image source: own code (OpenGL).
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Accuracy / precision

 Algorithm:

—for each fixation point:

* find closest calibration point
e add in distance to sum

—compute mean for each
calibration point

—compute mean of means
(accuracy)

—compute SD (precision)

—report error in deg. visual angle
—see Blignhaut and Beelders, 2012

|
CLEMSON UNIVERSITY
YE__TRACKING LAB

SCHOOL OF COMPUTING .
UNITV ERISITY

i

Wednesday, August 21, 13



Consider scanpath comparison

Audio source: Text-to-speech AD courtesy of Agnieszka Szarkowska.

* Experiment:
—test viewing patterns with Audio Description (AD) and w/out
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Consider scanpath comparison

with Audio Description control

| o

Image source: Krzysztof Krejtz, EG 2013 tutorial.

» Establish grid for labels, e.g., A1, A2, ...

» Grid granularity will affect statistics
—for both scanpath comparison and transition analysis
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Krzysztof Krejtz, EG 2013 tutorial.

Image source:

» Establish grid for labels, e.g., A1, A2, ...

» Grid granularity will affect statistics
—for both scanpath comparison and transition analysis
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Krzysztof Krejtz, EG 2013 tutorial.

Image source:

—Codify standardized Levenshtein distance, e.g.,
« PO1: H8-D9-E8-K2-M2-L2-02-02-K4-J4-F7-F8-...
« P02: B7-A7-D10-J6-J4-L.3-N2-02-J6-L5-L5-N4-...
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Consider scanpath comparison

Krzysztof Krejtz, EG 2013 tutorial.

N\

Image source:

1

—Codify standardized Levenshtein distance, e.g.,
« PO1: H8-D9-E8-K2-M2-L2-02-02-K4-J4-F7-F8-...
« P02: B7-A7-D10-J6-J4-L.3-N2-02-J6-L5-L5-N4-...
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Consider fixation characterization

e Use:

—focal / dichotomy
(Velichkovsky et al., 2005)

—compute coefficient as:

* current fixation duration - following saccade amplitude (standardized)
(Biele et al., 2013)
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Consider fixation characterization

o
a
1

Ambient - Focal Attention Coefficint (mean)

Condition
—e— Positive moad

-4- Neutral mood

&I'> 1I0 1I5_ 2IO 2I5
Time (sec.)

Image source: Biele et al., 2013.
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* focal: long fixations followed by small

saccades

saccades

. short fixations followed by large

\ neutral mood evokes focal fixations
> positive mood evokes ambient fixations

(fosters exploration of the visual scene)
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Consider transition matrices

animated Interactive static

Video source: Krzysztof Krejtz, EG 2013 tutorial, sped up by factor of 4.

* Experiment conducted by Krejtz et al.
—Iinterested in multimedia learning tools
—gaze transitions
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Consider transition matrices
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Areas of Interest (AOls)

Problerr. [6:ef: Flawiusza

Jak wyglada sytiacja 1p. dla n=107? Ponizsza animacja prezentuje

kolejne e W, ania osob
| 1) Najpierw Wb D0S a nastgpnie:| z kregu zgodnie z przyktadem
2, Wipsds 4 dla n=10:

ST ERIG:
[5)\0ypiu 17 40|

cAQI-0083
- 09
“Aore10. o 025e

9iwipacad o o
10) na ~»3cu zostaje 5| o o

Jeszcze pare prob; postarBA©] 2013 2y¢ jakieé prawidtowosci:
| n=3: wypAGjE:Q]_ﬂ-zostaje 3 |
|n=5: wypadzia: 2,4, 1,5, zostaje 3|

|n=6: wypada il 4.5 5i1, zostaje 5|

n=7: wypadajA@FE, @1/5i 3, zostaje 7

n=9: wypadaja: AT 18,917, zostaje 3

n=11: wypadaja: 2, 4 X0 10.]195, 9, 3i 11, zostaje 7

n=12: wypadaja: 2, 4, GADI002(, 7, 11,51 1, zostaje 9

n=13: wypadaja: 2, 4, 6, ﬁm J@2115, 9,13,713, zostaje 11
n=14: wypadaja: 2, 4, 6, s AQ)T20QR73, 7, 11, 1,9 i 5, zostaje 13
n=15: wvbadaia: 2.4.6. 8. 1AMA 1ADMR5.9.13.3.11i 7. zostaie 15

* Interested in transitions between AOIls
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ransition matrices

static Interactive
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0.13 0.38 0.24 0 0 0 0.02 0 0.22 2 0.08 0.48 0.13 0 0.01 0.02 0.02 0.01 0.24 2
0.04 0.13 0.38 0.13 0.04 0.04 0 0.02 0.21 3 0.02 0.09 0.44 0.23 0.02 0 0.02 0.02 0.18 3
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o o
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0 0 0.05 0 0 0.05 0.24 0.48 0.19 8 0 0 0 0.06 0 0 0.12 8
0 0.01 0.01 0.01 0.01 0.01 0 0 Visualisation 0.01 0.03 0.02 0.02 0.02 0.01 0.01 Visualisation
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n 3
: g
Destination AOI (to) Destination AOI (to)

* Would also like to test significance between them
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Entropy
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animation interaction static

Visualisation type

H(X) = =Y p(r)logalp(e)
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Diagnostics

« Summary:
—automate when possible
—use scripting language
—use good stats package
—compute accuracy & precision

—consider advanced metrics:
 ambient/focal fixations

e transition matrices
* scanpath comparison

 On to interaction...
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Interaction

Video sources: Mantiuk and Bazyluk’s
gaze-contingent DOF & targeting.

* Gaze as pointer:
—games
—eye-typing
—etc.

—still popular, but there's
more...
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Interaction

* CHI 12 SIG meeting to develop CHI "13 workshop
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At home

Al Lights On
All Lights Off =%
Pool Lights O

CLEMSON UNIVERSITY
EYE TRACKING LAB

3 CHC OF COMPUTING
V E R S

Wednesday, August 21, 13



At the office
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In the car
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At the hospital

Image source: Stella Atkins and Bin Zheng.
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At your phone
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‘jlg_: \V’E adZe INEerdClUOMNANIMNESIZOST=VVIIVIE

Special Interest Group meeting at CHI 12
CHI 13 Workshop
More info at: www.gaze-interaction.net

Latest innovations in interaction styles

ORGA

SSteIIMh S

ATD?ho ki VS ndstedt,
ACOD
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http://www.gaze-interaction.net
http://www.gaze-interaction.net

Key observations

» Gaze as context (not as mouse pointer)

* No killer app...instead lots of apps
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Dual eye tracking

LAan LAN

LAn iLan

—

Image source: lva Barisic et al.’s Gaze Interaction in the Post-WIMP World submission.

* Networked eye trackers:
—eye tracking multiple people simultaneously
—ongoing social interactions, “humanness” of avatars, etc.
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Multi-touch table network

* Multiple users, multiple eye trackers

» |dea is to model behavior context:
—engagement
—immersion
—Iinterest
—Intention

* Multi-modality and "gaze as context”
are recurring themes

Image source: Roman Bednarik et al.’s Gaze Interaction in the Post-WIMP World submission.
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Surfaces...

Image source: Michael Mauderer et al.’s Gaze Interaction in the Post-WIMP World submission.

» Tables and surfaces are popular
» Selection of distant targets was important here
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Smartphones...

Image source: The Eye Tribe, ITU Denmark, University of Copenhagen

» Eye-tracked handheld devices: lots of issues
—efficiency, power consumption, interaction, etc.
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Feet...

l'ﬂll&;’
_Car pedals - l —

- [oot joystick
—~—

Image source: Fabian Gobel et al.’s Gaze Interaction in the Post-WIMP World submission.

 Gaze selects, foot zooms In...
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Augmented Reality (AR)

Image source: Ann McNamara’s Gaze Interaction in the Post-WIMP World submission.

» Using gaze to manage “visual clutter”
* Cluster AR labels near gaze, move them farther away?
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Affect...

 Combine user’'s gaze with emotional state

: EMOTIONS
* Measure affect, e.g., via: Z ‘

1 I
—facial expressions I ATTENTION
1

—electrodermal reaction
E;EE*‘I\\/lC)F{

—respiratory measures

ADAPTATION

* Analyze gaze:

—focal / ambient dichotomy
(Velichkovsky et al., 2005)

Image source: Krejtz & Biele’s Gaze Interaction in the Post-WIMP World submission.
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é Sensor behind
| Target

HMO with
Sensor

Adjustable
Stand

Image source: Sab Babu

Modeled gaze depth vs. gaze disparity Inset Showing Measured Error
86.36 I bistance 1o screen (haploscope) » | 20 | 1
3 4 | E 10t -
s 0 | Distance to screen (desktop) D ~_ L
g S s ol |
g 2| | 8
© 10 I A o -10 | i
& of s ] &
-20 + A §, i -20 | _
PG g |
- desktop — haploscope : \ :; - desktop — haploscope '
-20 -10 0 6.3 -3 0 3
Gaze disparity Ax (cm) Gaze disparity Ax (cm)

* Users in VR tend to underestimate reach
 What about gaze”? What does vergence do?
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The

Zone of comfort: horizontal disparity vs. viewing distance

comfort zone

0.8 . — ‘
0.04 — | j
06 |
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© 0 /== : | | ©
c : : : ; o)
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) 5 X 2: > deskt
0.6 g 8: g: %j o ..desktop L
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Viewing distance (m) Viewing distance (m)

e Fors

Image source: Shibata et al. (2011)

tereo viewing, object disparity depends on distance

» Constrain vergence within comfortable limits
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Vergence In virtual space

virtual screen
- ARSESEREY 77 R B I L . . o
& fr------=-=-- i~
o o \ |/
y Z \ 1/
’ = \\ 1
\ !
— = = \ !
N\ f
W /)
ﬂ\ /l
\‘ \ / II
\ /
\ \ / ]
left screen

rightsc?reen
* \Wheatstone haploscope
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Vergence computation

fixation depth T
\ IAdl
. = screen i
» Obtain gaze depth z 1 o o
v eOi\OQ § Ye g )
e}é&& O €§ D
o : |
H left eye \v \(y right eye
Ve - A dl a—— -
. . Ax =z, — 2y Ve = (Y1 + Yr)/2
» Use difference in gaze
screen coordinates D =D+
-z Az N  AzxD’
D' —z o« T Ar—a’
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Noisy signal

Observed gaze depth (with outliers beyond 2 SD removed):
stereo, rocking

30 .
E 20t ]
o
)
= 10 r -
=
©
s Of 1
®)
O
510 ]
)
N ..............
S 20 ¢ :

gaze depth ——
30 | stimulus depth -~ | . . . |

0 10 20 30 40 50 60 70 80 90
Time (s)

* Vergence is noisy (on virtual display anyway)
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Noisy signal

Filtered gaze depth (with outliers beyond 2 SD removed):
stereo, rocking

30 .
E 20t ]
o
)
= 10 r -
=
©
s Of 1
®)
O
510 ]
)
N
S 20 ¢ :

gaze depth ——
30 | stimulus depth -~ | . . . |

0 10 20 30 40 50 60 70 80 90
Time (s)

* Vergence is noisy (on virtual display anyway)
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Noisy signal

Filtered fit gaze depth (with outliers beyond 2 SD removed):
stereo, rocking

30 e e .
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o
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N
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gaze depth ——
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0 10 20 30 40 50 60 70 80 90
Time (s)

* Vergence is noisy (on virtual display anyway)
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3D calibration

top view (screen view) perspective

» Calibration helps vergence, may help reaching
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Depth of field may ease discomfort §&%

R e g L CLEMSON
nesday, August 21, 13

UNTIVERSITY

Wed



Depth of field may ease discomfort £
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Depth of field may ease discomfort &
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Depth of field may ease discomfort §%
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Depth of field may ease discomfort
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Wheatstone haploscope

* Objectives:
—record vergence

* Task:
—read eye charts

* Equipment:
—Big Bertha monitors
—LC Tech Eyegaze monocular trackers (60 Hz)

Video source: Jordan Gestring at the Wheatstone haploscope
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Wheatstone haploscope

* Objectives:
—record vergence

* Task:
—read eye charts

* Equipment:
—Big Bertha monitors
—LC Tech Eyegaze monocular trackers (60 Hz)

Video source: Jordan Gestring at the Wheatstone haploscope
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Data recorded

S03(DOF)

Z-Depth
Z-Depth

0 5 10 15 20 75 30 35 0 5 10 15 30 25 30
Time Time

* Plot gaze depth against object depths

» Compute error:
—root mean squgred (RMS) & mean signed error (MSE)
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Stereo viewing in virtual space
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Stereo viewing in virtual space

Left Eye * Right Eye

.
. ‘
)

Over-the-Shoulder Top Orthographic

EYE TRACKING LAB CLEMSON

U NIT1 V ERSIT T Y

Wednesday, August 21, 13



Vergence In physical 3D space

* Two systems involved: Dikablis, Vicon
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Calibration in 2D...then,

™ BRCLEMSON UNIVERSITY
" EYE TRACKING LAB
T SCHOOL OF COMPUTING

— UNIVERGSITY

Wednesday, August 21, 13



Calibrate in 3D

 Manual calibration with wand
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Calibrate in 3D

 Manual calibration with wand
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Vergence In physical 3D space

* Task:
—read eye charts

—Dblink between depths

* Look for:
—gaze vectors In

transverse plane

 Anecdotal obs.:
—no oscillation?
—no depth error?
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Vergence In physical 3D space

e Task:

—read eye charts
—Dblink between depths

* Look for:

—Qgaze vectors in
transverse plane

 Anecdotal obs.:
—no oscillation?
—no depth error?

LAY
o 2 | 1 2500 3000 3500 4000 QZ“D
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Summary

* Eye tracking:

Image source: Lenny Lipton, Foundations of the Stereoscopic Cinema: A
Study in Depth, Van Nostrand Reinhold, 1982.

—fertile ground for research
—in its comfort zone "'f/'s

N
) N e
.-.1.\.' . - '
el LY A%

—lots of potential for offline (diagnostic)
and online (interactive, real-time) apps
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- Thank you!

 Questions?
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