Overview of Temporal
Data Visualization
Approaches

3eme journée RESSTE

Pierre Dragicevic
Inria




Visualizing temporal data

Wollgang Axnet

Hesdrun SChumann
Christian Tominsk

Visualization of
Time-Oriented Data




Visualizing temporal data

A Review of Temporal Data Visualizations
Based on Space-Time Cube Operations

B. Bachl, P. Dragicevicl, D. Archambaultz, C. Hurter” and S. Carpe:ndale4

IINRIA, France
2Swansea University, UK
3ENAC, France
4University of Calgary, Canada

tinyurl.com/spacetime-bach




Time

e Ben Shneiderman’s taxonomy:

* 1-dimensional data

* 2-dimensional data

* 3-dimensional data

°* temporal data

* multi-dimensional data
°* tree data

°* network data



Mapping Time to Space



Mapping Time to an Axis
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Line Charts

Inclinations of planetary orbits
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Line Charts

Marey’s Physiological Recordings
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Plethysmograph
Etienne-Jules Marey, 1876

Pneumogram
Etienne-Jules Marey, 1876



Line Charts

Pendulum Seismograph
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Other Charts

Line Plots Point Plots
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Other Charts
Combination - New York Times Weather Chart
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Other Charts

Color Encoding
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Other Charts

Color Encoding - FFT Spectrum

(image source)




Other Charts

Horizon Graphs
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Timelines

Project Timeline
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Timelines

Patient Data
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Timelines

Reigns of English Monarchs
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Timelines a

: ”"“’: ;f:;':‘:/.yu:’ A0 A Mpe 2 W g e 3 Ve M 3 e + -E §.. 9w g s o --‘: e g T
v Y ) ] 4 I ’ . ‘ ‘
NEwWw CHART O0OF HI1:8T|O
X | |

dos 8 g 3 bes 8 des 3 gew b T B dw i b &

_.1.“..

'
.u-; WTBTANY | LM ¢ i3 & . ] ! 5 : X - ‘__ ‘
Cawvwiaiwraxd | 72 oM. A4 R K i (S ARACEN S ||[Favxslrrspsst R - —
AN WACEDON 7 AN ] Al o .whuv‘, ! X K ] ‘,,.;i.,y.,

; g E—— T e -
! ] . -,.........-._....."...,.;;:::?:"t’..:‘“"i i N, I (.iﬂ NE SE, P .u\ﬁm‘l—t?z:L._i‘_ J ( 7O NRSK !"'“""’ :
: ".....:r::.:::? Sy T oy, (6 : ! . ; = ‘“ s
: 2 = "r'}.’:,.::.:%...‘-—'::..;,»:,.: = (S CYTHE | TARTAR
e m’b’*ﬁz‘:’” A ' W 1.V DI ] vnon-
. ” ,..-...,.... ¢ | N AT g B AN
= LS L e e
.l._sz 1 . . ‘I‘An Vs xicxa
P 3 ne =
Thk sace|THE Parrn) la\‘ EMPIRE I’}, RST.ANYN { [

: = -uul'alc.fl,n atAx s

- w [T 74 X ;
e = “'&";“:{" R o A [.4 Mo '.‘.‘.Z.'.‘.:"/ i
! W LRI Varins ._m_:—____auaz_., A RATE N
! ' EMPIRE T T T
—— : e I J 11' E E.«.vrsnw l-'\frlnn

|
|* e STl A ekl aF 7| | ——wemame  mvw ., wa
O } | Al 1 s =T

CRLONIEN

|
La.TErN . GREEK EMPIRE

1]
| | | | ! = : s e s Mot | 3 < l
i R|O M' AN, N bl s T = Peres TERRITORIES ‘:‘
H ' x| : § I.:nvxlm e i L =~ b
Gan s~ < e — T S > 8.5 o a— 1 = .
s NS ’ ...""y ! H ' [ WAy Fava e Bomievar LS UL TN — e — .
- : e e PR, =~ W% 5
//) | ) ‘_/ \\ 1 g e e——— —
|

A ELGE !

)/////////// ) Litsdtbin vun kns i

* Y B PRy
S GaArrta NARRININATY

//A, \)\Q/h(u ,\- ,‘)) 3 MHixraxi i ]. \ i . F
P S ===l M P I R K[
. : "n;i_ ; 2 SNewrr

’ HrspraNs
‘ )/ﬂ Fintrrwens, / ( I/I‘I'IIV 4 /71//:/.// i

- ' s 3 & Xaxone LVORMAN. ;N "
et - . mwiroxs\]| | :“—‘ﬁ%d f‘| o Exoirs
—— - Srwrs

wourrar | Jeaw | Prasce ||
o |

/ A‘ Ry /¥ I /e TALERONTANS : VA Lraev ANy "m' —— < F—TI A T
— - v . ‘ .
- —/‘f-\ . 6/‘/ v [II y Finmias
Aneclinde Gulys, ' '
TR : \ﬂ ,/y/ D .
| |

Iulu: ull!hi’i: A

— - o " - ¢
\an-w h-w4 Prncton bth ve el e b R e e T )

Joseph Prlestley 1769 (source)



Timelines

Movie Narratives xked.com, 2009
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Mapping Time to an Axis

Data



Non-Linear Time Axes

Data Non-linear scale

Non-linear shape



Non-Linear Time Axes

Logarithmic scale
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Non-Linear Time Axes
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Non-Linear Time Axes

Grid - Calendar
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Mapping Time to Space



Mapping Time to an Axis
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Mapping Time to an Axis
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2D + Time

Space-Time Cube
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2D + Time

Cassinelli, 2005




2D + Time

Space-Time Cube Model
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2D + Time

Space-Time Cube Model
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Space-Time Cube Model
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2D + Time

Time Flattening
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Long exposure photography




2D + Time

251

Phillips Curve
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Tufte, 1997. Cited in Aigner et al, 2001
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2D + Time
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2D + Time

Napoleon’s Russian Campaign of 1812
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2D + Time

Flow Maps
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Discrete Time Flattening
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Marey’s Chronophotography Technique

(image source)

Etienne-Jules Marey, 1880s (source)
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Sequences

JAN. | FEB. | MAR. | APR. | MAY | JUNE | JuLy y AUG. | SEPT. | OCT. | NOV. | DEC.
BEETLES FEED ON FOLIAGE AND FRUIT]

GRUE CHANGES GRUES COVTINUE 70 Ffﬁ fﬂl& GCROSN ANL
GRUB FORMS | 70 FUPE ANL |BLEETLE LRVES| LGES HATTH. | ANL GRS RAFLLY.
INIURY TO RODTS OF |/NCHES BELOW SUIACE

CLLL AND |7THEN 70 AOUT | EEES M G YOUNE /EEL W |
GRUE COMES UP NEAR | PRELARLES \WHCH LHRCES PREFECABLY” | LIVING RODTS | LANTS /S MOST COMMONY
Eeﬂl N WNTER CELL. SURFACE 70 FEED. TO PYRRVE. | FROK GRONL. | Y GERSS SUL|OF ALANIS. | A7 7748 7IME. ERRTHEN CELL.

FR.1.2789
Seasonal life cycle of the Japanese beetle in the vicinity of Philadelphia.

Cited in Tufte, 1983
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Sequences

The Jumping Off Points: Moves That Will Be Made in the Free Skating Programs

TRIPLE AXEL: Add an extra half-spin

The axel's forward takeoff and backward landing positions add an extra half-rotation to the
jump, so skaters need maximum power on takeoff, and precise upper body control during
rotation. Once airborne, the skater gauges her speed and height to judge the number of
rotations possible — she has less than one second to complete them, and must
make the extra half-spin to land correctly. Only Midori Ito and
Tonya Harding have landed this in competition.

ﬁ'ﬂli TRIPLE AXEL

SEQUENCE

Three and a half rotations

SKATING THE EDGES: An overhead view of the axel

In skating terminology, the path of a jump is described as a series of edges — semicircular
arcs that follow the path of the skate blade. The diagram shows the preparatory, takeoff and
landing edges of an axel jump. The loop at center represents one midair rotation.

Preparation Takeoff Landing
Right back outside edge

Right back Left front
outside edge X

Megan Jaegerman. Cited in Tufte, 2007
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Time Juxtaposing
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Muybridge’s Chronophotography Technique
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Comics
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Small Multiples

Approved Harvest Applications
By Year S N

Location: Hood Canal Summer ChumESU

Shown: Approved forest practices applications (FPA)
of typeicutting or removing timber
and
Harvests in Olympic Natwonal Forest

Sources: Washingron Dept.Natural Resources
US.Forest Service,Quilcene

Dates: FPAapproval or renewal date
ONF harvest date

N 0 10
JY !

Total harvest approval for 19952005:21% of summer chumESU

Percent of the summer chum ESU approved for harvest by year
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1935 1395 1397 45983 4589 2000 2007 2002 2003 200¢ 2005

FPA approval or renewal date

Total FPA area for all dafes is: 106,206 acres Produced By: PetersonGIS
Total ONF area for aif dates is: 66 acres Produced For: Hood Canal Coordinating Council
Area of 5. chum ESU: 942,254 acres On: 28 August 2006

(image source)
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Small Multiples

Aigner et al, 2011
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2D + Time
Side-By-Side Views

FE / trunk
build.xml

Rewvisions Users Reports Source

<import file="eclipse/build.xml"/>
<import file="idead/build.xml"/>
<import file="jideas5/build.xml"/>
<import file="jbuilder/build.xml"/>
<import file="jdeveloper/build.xml"/>

<macrodef name«"subtarget”>
<attribute name="module"/>
<attribute name-"target"/>
<sequential>
<subant target="g (module)}.8{target)} >
<dirset dir«"." file="¢{module}”/>
</subant>
</sequential>
</macrodef>

<macrodef name="doall">
<attribute name="target"/>
<sequential>
<subtarget module="buildutil"” target="@{target}"/>

<subtarget module="cloverantlr” target="g{target}"/>

<subtarget module«"core"” target«"g{target}”/>
<subtarget module="viewer® target="§{target}"/>
<subtarget module~"clover-ant" target="g(target)"/>
<subtarget module="plugincore" target="@{target}"/>
<subtarget module~="eclipse" target="g{target)”/>
<subtarget module="idead" target«"g{target)"/>
<subtarget module="jdea5" target="§{target)}"/>
<subtarget module="jbuilder"” target="g(target)"/>
<subtarget module="jdeveloper" target="@{target)}"/>
</sequential>

~l

Reviews ~
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<import file="eclipse/build.xml"/>
<import file="idea7/build.xml"/>
<import file="perfmon/build.xml"/>

<property name="test.results.dir" value="§{build.dir}/test/hts

<macrodef name«"subtarget™>
<attribute name="module"”/>
<attribute name-"target"/>
<sequential>
<subant target="g{module).@{target]” inheritrefs="tru
<dirset dir«"." file«"¢{module)"/>
</subant>
</sequential>
</macrodef>

<macrodef name«"doall">
<attribute name="target"/>
<sequential>
<subtarget
<subtarget
<subtarget
<subtarget
<subtarget
<subtarget
<subtarget
</sequential>
</macrodef>

module="buildutil" target="@{target}"/>
module="cloverantlr” target="g{target}"/>
module=«"core"” target="g¢{target}™/>
module="clover-ant" target="@#{target}"/>
module="eclipse” target="g(target)"/>
module="idea7" target="@{target})}"/>
module="perfmon" target="g{target)"/>

<target name="global.build">
<doall target="build"/>
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Side-By-Side Views
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