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» p-flat: a generalized flat surface of dimension p

* Indexed Point: a point representation of its corresponding p-flat within the space of the
parallel coordinates

)

A . akla.i—rj:oo a<0 a.‘:LE]0<g-<1‘
* Equation of 1-flats S )
[ (a>0)
[:29 =ax;+ b
P
* The indexed point
¢ T, =10(a>0
[ — 1 b a1 l:x9=10ax;+0b(a <0) | =t ) | >
l—a'l—a)’ ' ol o 2
1
Data Domain Parallel Coordinates
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* The implicit equation of 2-flats

3

T :C1T] + C2X2 + C3T3 = Cp

* The first indexed point

_ ( cy + 2¢3 Co )
T123 =

Cl—|—Cg—|—Cg?Cl—|—Cg—|—Cg

* Recursive construction from 7
lower dimensional p-flats
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A A @ 1-flat indexed points
@ 2-flat indexed points
eigenvectors AN \ S A A A A
> >
LA 1-flats: project e*to 2D subspaces N /
™ /

o b,

— >. ] )
m-d data space m-d data space ~ 2fats: fitplanes withe!,e?in 3D subspaces  parallel coordinates

>

m-d data space

Finding Nearest Eigenvector o Indexed Points
Neighbors < Analysis Fitting p-flats ~ Calculation

L. Zhou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivariatg
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@E ;E._; Correlations," in IEEE Transactions on Visualization and Computer Graphics, doi:
10.1109/TVCG.2017.2698041.




Visualization of Indexed Points

Visual signatures of negative/positive correlations

amjeradway,
3PM djoym

Energy Output Height

Height Whole Weight

Energy Output Temperature

. Negative Correlation Positive Correlation
o::a:.ooVI].Swou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivar('zﬁS m

*3°® 2(@bifelations," in IEEE Transactions on Visualization and Computer Graphics, doi:
10.1109/TVCG.2017.2698041.

Visualization Research Center
University of Stuttgart



Patterns of Interest — 1-Flat Indexed Points

synthAttr0

synthAttr0 synthAttrl synthAttr2
T ————_— ———= :—

J)f{t.VlS L. Zhou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivariate
oge 2017 Correlations," in IEEE Transactions on Visualization and Computer Graphics, doi:m S m ——\fisualization Research Center

10.1109/TVCG.2017.2698041. University of Stuttgart



2-flat Indexed Points — A Single Plane

.:::.VIS L. Zhou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivariate
®3® 2()]7 Correlations,"in IEEE Transactions on Visualization and Computer Graphics, doi:m S m ——Visualization Research Center
10.1109/TVCG.2017.2698041. University of Stuttgart



Examples — Hurricane Isabel 1-Flats

Speed Height Temperature Pressure Vapor

. \ Temperature

~

Pressure

Speed25uc IsabelHeightuc TCf25cpUc Pf25cpUc QVAPORf25cpUc
[ [ o ® " 1

“0’0”\/|S L. Zhou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivariate
®3® 2()17 Correlations,” in IEEE Transactions on Visualization and Computer Graphics, doi:m S m Visualization Research Center
10.1109/TVCG.2017.2698041. University of Stuttgart



Examples — Hurricane Isabel 2-Flats

.:::.V|S L. Zhou and D. Weiskopf, "Indexed-Points Parallel Coordinates Visualization of Multivariate
®3® 2()17 Correlations,” in IEEE Transactions on Visualization and Computer Graphics, doi:m S m Visualization Research Center
10.1109/TVCG.2017.2698041. University of Stuttgart



Examples — Hurricane Isabel 2-Flats

Speed Height Temperature Pressure Vapor

Pressure Vapor \

Temp 4

e BN ’ Pressure
’ ” Vapor
1

'J‘

speed Height Temperature Pressure

=

Temp M

E < '"‘ > "Sodae . .
l TCf25cpUc Pf25cpUc QVAPORf25¢cpUc :1 Pressure ’ |

.2. V|S L. Zhou and D. Weiskopf, "Indexed-Pojnts Parallel Coordinates YVisualization of Multivariate
030 2017 Correlations,”.in IEEE Transactions qg.Misualizatigg.and Compitgr.Graphics, doi: spalizgtion Research Center
10.1109/TVCG.2017.2698041. = Jniversity of Stuttgart
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Visualizing High-Dynamic-Range (HDR) scalar data

HDR scalar data = scalar data values of very large (unbounded) ranges + 2D
diagrams

* Scatterplots (matrices), parallel coordinates, trajectory plots, choropleth, node-link
diagrams

Visualizing with global transformation + color mapping

scatterplot parallel coordinates

L. Zhou, M. Rivinius, C. R. Johnson and D. Weiskopf, "Photographic High-Dynamic-Range Scalar Vlsuallzatlon in
IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522.




Visualizing High-Dynamic-Range (HDR) Scalar Data

max

Our new photographic HDR method

L. Zhou, M. Rivinius, C. R. Johnson and D. Weiskopf, "Photographic High-Dynamic-Range Scalar Visualization," in
IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522. : e 7K ¥ BT A BRI R BB
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The workflow

" Glare Pipeline |

( | ‘ G(x,y) ]
Glare Filter
1(x,y)
. - Glx,
Convolution | Glare | 4 (.5)
ntensity
Blob Detection & a User Interactions!
1(x,y) Thresholding  1,(x,y) P(x,y)
Glare Overlay )
Connected Composition
Component
Analysis
Interaction
Lix,y) Clx, y Tools
Tone-mapped Images Color- mapped Images ,
HDR data : Explorable Image
Tone 4—4 il Color C(x, y)
Mapping Mapping
Global Local Global Local
l HDR Pipeline

L. Zhou, M. R|V|n|us C. R Johnson and D. Weiskopf, "Photographlc High-Dynamic-Range Scalar V|suaI|zat|on
) e 7 J F BRHEBEI T K BRI R b
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The HDR pipeline

* Tone-mapping operator = color mapping

 Systematic, quantitative evaluation ([Aydin et al. 08]) on TMOs for visualization

y Mean distortion metric of tone-mapping operators in our evaluation.

Maill

Man06

Man08

EKING UNIVERSITY

! T™O IsabelTvP  World IsabelPC Averaged
o Flights
Man08 [4] 0.483 0.372 0.698 0.517
Man06 [3] 0.541 0.796 0.558 0.632
Maill [5] 0.532 0.610 1.076 0.739
Ash02 [1] 0.749 1.653 0.731 1.044
Rei05 [11] 0.650 0.685 1.850 1.062
log 0.756 0.954 1.604 1.105
Dur02 [9] 0.803 1.211 1.632 1.216
Fat02 [7] 0.802 1.350 1.645 1.266
Fer1l [6] 1.267 1.666 1.681 1.538
" Dra03 [8] 1.280 1.838 1.590 1.570
Pat00 [2] 1.339 1.684 1.696 1.573
Rei02 [10] 1.259 1.792 1.781 1.610
gamma 1.564 1.801 1.962 1.775
linear 2.580 2.663 2.626 2.623
g
3 3
Q
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<
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The glare pipeline

>

Thresholding

>

Blob
detection

High-value pixels

Input data Blob mask

B

Convolution

é‘% J Glare filter XEBHZIILb
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Glare overlay



Effect of glare intensity

* Glare intensity a
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User Interaction

* Magic lens and glare switch to “see through” glares
* Three modes of the magic lens

o S
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Contrast enhanced mode
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* Hypothesis: glare is a preattentive visual cue

* Typical state-of-the-art preattentive study design ([Krekhov and Kriiger 19; Krekhov et al. 20])
* Main factor: number of objects; second factor: type of distractors
* Each condition has 48 tests > 48 * 2 * 3 = 288 tests per participant
* The horizontal size of the test image is about 15°

* Task: each stimuli is shown for 250ms = participants indicate whether a glare was present

Disk Rectangle Mixed



Perception study results

* Ten subjects (3 females, 7 males)
* High accuracies across all conditions—=> similar to other preattentive visual cues

* Two-way ANOVA: no significant difference in accuracy between set size (F(1; 9) = 1.678; p
= 0.227) nor type of distractors (F(2; 18) = 1.316; p = 0.293)

* Glare is confirmed to be a preattentive visual cue

1.00 — — —
0.75
%) .
© Set Size
3 0-°0 M 16
Q 32
<
0.25
0.00

=JT disk mix rect



Examples: dot-based geospatial data

* NYC taxi pick-up data

urs linear ma amma mappin [ [ [
L. Zhou M. Rivinius, C. R. Johnson and D. Weiskopf, "PE(Pt gaphlc High-Dynamic- %ange Scarnr \Ps[aallgatlon Iogarlthmlc mapping
©H =I1EEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522. ?n?" e 7 X ERET KR E R
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Examples: Image processing

* Power spectrum of a noisy image

AR
AAAREE R
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Image corrupted by sine functions logarithmic mapping ours

L. Zhou, M. Rivinius, C. R. Johnson and D. Weiskopf, "Photographic High-Dynamic-Range Scalar Visualization," in
©ﬁ =I1EEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522. e 7K P BT KBRS
=T
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Examples: choropleth

* GDP per-person of Germany, France, and Great Britain of year 2008

ours linear mapping gamma mapping logarithmic mapping

L. Zhou, M. Rivinius, C. R. Johnson and D. Weiskopf, "Photographic High-Dynamic-Range Scalar Visualization," in
IEEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522. é% AR PR R gN ¢l g
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Examples: parallel coordinates

* Wine quality dataset

L. Zhou, M. Rivinius, C. R. Johnson and D. Weiskopf, "Photographic High-Dynamic-Range Scalar Visualization,"
©ﬁ =I1EEE Transactions on Visualization and Computer Graphics, doi: 10.1109/TVCG.2020.2970522. ﬁ e 7 ,} ¥ Yk BRI F WSk
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