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Hybrid-Image Visualization
for Large Viewing Environments

Petra Isenberg, Pierre Dragicevic,
Wesley Willett, Anastasia Bezerianos, Jean-Daniel Fekete




Large Viewing Environments

large displays
meeting rooms /[ war rooms
emergency response rooms

public viewing
open spaces
museums



Scenario: WILD Display Environment

25m




Who to Optimize For?
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Example Data

23 years of daily temperatures for 32 cities

Station, Country, Station ID, SOUID, Date, Temperature (decidegrees Celsius), Temperature Quality
BERLIN-DAHLEM, GERMANY, 41, 133,1%%0-01-01, -21, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1590-01-02, -13, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1990-01-03, -2, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-04, -12, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19950-01-05, 0, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-06, -13, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1%%0-01-07, -40, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1950-01-08, ©, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-09, 35, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-10, 44, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1990-01-11, 43, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-12, 60, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-13, 22, 0
BERLIN-DAHLEM, GERMANY, 41, 133,1550-01-14, 30, 0
BERLIN-DAHLEM, GERMANY, 41, 133,19%0-01-15, 42, 0




Naive Approach

Optimize for one specific viewing distance
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overviews from far

detail from close

Problem:
mental aggregation, comparison
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Naive Approach

Optimize for one specific viewing distance
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Problem:
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Naive Approach

Optimize for one specific viewing distance
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Naive Approach

Optimize for one specific viewing distance
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Possible Approaches

* Dynamic integration
(tracking people & adapting content)

* Static integration

- global features

1| | .
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Static Approaches

images with multiple interpretations

y/4

global|& local

interpretation

f

/7

global & local o
features overlap
X o0
visual blending

aggregation

ticy — —
K, oo e

example: example:
calligram hybrid images

global & local
features separated

nesting

;

example:
NodeTrix

juxtaposition

global

example:
radar view
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Static Approaches

Juxtaposition: global & local features next to each other

http://visual.ly/b2b-content-marketing-2014-benchmarks-budgets-and-trends

B2B Content Marketing
2014 Benchmarks, Budgets & Trends

is of growing importance for B28 organizations
g

30% 58% ‘
of total B28 markeling | planto increase Bl
budgets are allcated his budget over

e 1% Gomvaricies
0/ are muce effectiveat
—— A2% Geemetay

PROFILE OF BEST-IN-CLASS B2B CONTENT MARKETERS
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35% 86% 66%
are moce effective at hare somecae who have a documented
produdng engaging content oversees content strategy content strategy
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Static Approaches

Leigh
RERe
Sethi me m

Shibar

[Looz sip04u| "|e 39 AludH X111 9pON]

Nesting: local inside global features

SWViz

NodeTrix
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Static Approaches

Blending: local & global features overlap

Map regions over map detail

Top in Science i ""”'“3777 Users earned this

1037 1-‘ Seven Things That Don't Make
Sense About Gravity

674 Ames's Window Optical lllusion Will
Blow Your Mind

552 A Harvard Psychiatrist Explains Zombie
Neurobiology

Supervolcano may be brewing beneath
Mount St Helens

455 {.\ World's Dirtiest Rivers and Lakes
4 (Slideshow)

438 s Aging Optional?

e

Jakub Narebski 1,144 #1 @10
Joel Coehoorn 39.9k 6 #71 @1
Jason Heine 2,996 #7 ¢30
James Hopkin 3,861 #3 e 17
Matthew Vines 1,373 #1210
mfx 1,498 « 1 @8

SnapConfig 324 1 e4

Dario 2,348 #3 @11

741 o107

Tadmas 620 #2 10

Visage 2,551 #1012

Brian Agnew 8,576 #3#16

Jason Heine
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Michael Kohr
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Daok 15k e
JaredPar 38
mmyers 14.1
David Yance)
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Hybrid image visualization
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Hybrid Images



Hybrid Stimuli

* Schyns & Oliva, 1994

PSYCHOLOGICAL SCIENCE

e
Research Article

FROM BLOBS TO BOUNDARY EDGES:
Evidence for Time- and Spatial-Scale-Dependent Scene Recognition

Philippe G. Schyns'? and Aude Oliva®’

0 2 . . . . . o
'Massachusetts Institute of Technology, “University of Grenoble, and YInstitut National Polytechnique de Grenoble




Hybrid Stimuli

* Schyns & Oliva, 1994

FROM BLOBS TO BOUNDARY EDGES



Hybrid Stimuli [l iai

1"’_;
- -f :

* Schyns & Oliva, 1994

City (blurred)

30 ms

Subject sees

iay (ees) a City

120 ms

Sees a highway
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Hybrid Stimuli  [IE R

* Schyns & Oliva, 1994

City (blurred)

ighway (edges)

,




ybrid Images

Oliva, Torralba & Schyns, 2006




Our Contributions

* Theoretical grounding

why & when use hybrid images?

* To

holl e ‘heir creation?

. Examples|-

: 5

howta DU & erective ones?




What do we Perceive from a Large Display?

25x025mm

"‘ 1

25m

The WILD
display environment
at Université Paris-Sud



Object-based Approach

PECIEID

EDFCZUP
—

FPELOPZD

E P DEFPOTEC
I

L EF OD P CT

T o Z F D PLTU CUEO®O
I. PED = cezcecrrs

e.g., Snellen Charts




Object-based Approach
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Object-based Approach
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Object-based Approach



Frequency Domain Approach



Frequency Domain Approach

sine waves
acoustic signal Fourier | 4
N
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Frequency Domain Approach

Hearing Response

3500 - 4000 kHz
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156 31.2 625 125 250 500 1000 2000 4000 8000 16000
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Frequency Domain Approach

sine waves
acoustic signal Fourier | 4
N
2| franstorm AWy - freauencies in
Iz — | Hertz
2L L
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time ,
AWV
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Frequency Domain Approach

sinusoidal gratings

+

image (1D) Fourier

I I I I I I = _

+

+

frequencies in

cycles/degree
of visual angle
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Contrast Sensitivity Function




Contrast Sensitivity Function

Visual Res.ponse

limit of
visual acuity
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What do we Perceive from a Large Display?

25x025mm

"‘ 1

25m

The WILD
display environment
at Université Paris-Sud



What do we Perceive from a Large Display?




What do we Perceive from a Large Display?
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What do we Perceive from a Large Display?
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What do we Perceive from a Large Display?

o e T 256 pixels
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What do we Perceive from a Large Display?

256 pixels

Visual Response

Spatial Frequency (cycles/deg) i
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What do we Perceive from a Large Display?

256 pixels

100%

75%-

Visibility

25%-

0%

Visual Response

Spatial Frequency (cycles/deg)

o
S
S

50 cm

1'm

15m  2m 25m 3m  35m 4m
Distance to the display
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What do we Perceive from a Large Display?

256 pixels
>

Visual Response

Spatial Frequency (cycles/deg)
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What do we Perceive from a Large Display?

256 pixels

|

Visual Response

100%
75%
>
=
B 50% _\‘I\e\g
B 255
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50 cm 1m 15m 2m 25m 3m 3.5m 4m

Distance to the display
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What do we Perceive from a Large Display?

128 pixels

>

100%

75%-

Visibility

25%-

0%

o
o
X

Visual Response
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What do we Perceive from a Large Display?

)

Visual Response

Spatial Frequency (cycles/deg)

100%
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Visibility
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64 pixels
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What do we Perceive from a Large Display?

® 32 pixels

Visual Response
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What do we Perceive from a Large Display?

Visual Response
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What do we Perceive from a Large Display?

Visual Response
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What do we Perceive from a Large Display?
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Visual Response

Spatial Frequency (cycles/deg

75%

Visibility
&

o
S
- N ——

=

25%

o
—— -

o
X

50 Icm 1 Im 1.5 m 2Im 2.I5 m 3Im 3.5 m 4m
Distance to the display



What do we Perceive from a Large Display?

100%

75%-

Visibility

25%-

0%

Visual Response
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What do we Perceive from a Large Display?
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What do we Perceive from a Large Display?
®
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What do we Perceive from a Large Display?

128 pixels




What do we Perceive from a Large Display?

128 pixels
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Grating Information Capacity

Frequency x 2




Grating Information Capacity

Frequency x 2




Grating Information Capacity




Grating Information Capacity
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Grating Information Capacity
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Visual « Clipping » Effect
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Visual « Clipping » Effect




Visual « Clipping » Effect




Visual « Clipping » Effect




Visual « Clipping » Effect
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Information Capacity
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What do we Perceive from a Large Display?
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What do we Perceive from a Large Display?
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What do we Perceive from a Large |

2 pixels
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Information Visible
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Comparison with a Desktop Display

ﬁ -( . [’
r
P
d 5 _ o |
b -
Y
N

Sp%

O 0w ) OGRS TEE o8

A T,

76



Comparison with a Desktop Display
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Leveraging Large Displays
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Ineffective Visualizations
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Ineffective Visualizations

Information Visible
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Ineffective Visualizations

Information Visible
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Ineffective Visualizations

Information Visible
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Ineffective Visualizations




Ineffective Visualizations
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Ineffective Visualizations
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Hybrid-Image Visualization

near image
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Hybrid-Image Visualization
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Hybrid-Image Visualization
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Hybrid-Image Visualization

filter radius = 10 px

contrast =1.5

brightness = 1.37

filter radius = 15 px

opacity = 0.4

contrast = 2.3

brightness = 0.77
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Hybrid Image Mak
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Hybrid Images for Large-Scale Visualizations

* Theoretical grounding
why & when use hybrid images?

* Tools

how to support their creation?

* Examples
what are they really good for?
* Design principles

how to build effective ones?
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Examples

Tree of Life Treemap

..and more
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HI-Visualization Techniques

*  Mixing multip

* Navigation aic

e visualizations
s & summaries
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- _ http://aviz.fr/hybridvis %ﬁﬁ
HI-Visualization Techniques 3

* Support perceptual grouping

* Highlight values

» Dual-scale reference structures

ggie-Giants

‘ecESyperglants

Hertzsprung-Russell diagram (think of this as a scatterplot) 100
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Limitations

* No fully-automated hybrid-image visualization possible
* visibility I=legibility
* yet, some feature legibility can be predicted (text, grids)
* color may change due to filtering

* contrast removed through blending

» Fast preview but final image production slow in full res
(hardware acceleration possible)
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Conclusion

Theoretical grounding
why & when use hybrid images?

Tools

how to support their creation?

Examples
what are they really good for?
Design principles

how to build effective ones?
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