Multi-Dimensional
Data Visualization

Slides courtesy of Chris North



* What 1s the Cleveland’s ranking for quantitative
data among the visual variables:

— Angle, area, length, position, color



Where are we?

» Tabular (multi-dimensional)

= Spatial & Temporal
= ID/2D
= 3D

= Networks

= Trees
= Graphs

= Text & Documents

v Fundamentals / Eval
= Navigation strategies
» Overview strategies

* Interaction techniques

" Design
* Development

= Evaluation



e Univariate
 Bivariate

 Trivariate

The Simple Stuff

B3 Microsoft Excel - film.txt [_[O] x

J@ File Edit View Insert Format Tools Data Window Help
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| 1 |Year Length Title Subject  Actor Actress Director Popularity Awards *Image
2 |integer integer string string string string string integer  string  string
E‘ 1990 125 Wild at Heart Drama Cage, Nicolas  Dem, Laura Lynch, David 6 No NicholasCage. gif
| 4 | 1961 120 Goodbye Again  Drama Perkins, Anthor Bergman, Ingrid Litvak, Anatole 6 No NicholasCage. gif
| 5 | 1990 135 Hunt for Red OctcDrama Connery, Sean McTiernan, J. 8 No NicholasCage. gif
| 6 | 1984 108 Terminator, The  Action Schwarzenegge Hamilton, Linda Cameron, J. 17 No T2.gif
| 7 | 1931 136 Terminator 2 Action Schwarzenegge Hamilton, Linda Cameron, J. 8 No T2.gif
| 8 | 1993 65 John Cleese on HComedy  Cleese, John  Booth, Connie 62 Mo NicholasCage. gif
| 9 | 1987 103 Au Revoir les Enf: Drama Manesse, Gasy Racette, FranciiMalle, Louis 35 No NicholasCage. gif
| 10| 1983 128 The Ballad of Nar: Drama Missing Imarnura, Shoh 15 No NicholasCage. gif
| 11 1950 138 Cyrano De BergelDrama Depardieu, Ger:Brochet, Anne | Rappeneau, Je 86 No NicholasCage. gif
|12 1950 107 Green Card Comedy  Depardieu, Ger:MacDowell, AncWeir, Peter 25 No NicholasCage. gif
| 13| 1967 118 Hope & Glory  War Hayman, David Miles, Sarah  Boorman, John 3 No NicholasCage. gif
| 14| 1982 122 Missing Drama Lemmaon, Jack Spacek, Sissy Costa-Gavras, 30 No NicholasCage. gif
| 15| 1986 125 The Mission Drama Niro, Robert De Lunghi, Cherie Joffe, Roland 20 Mo NicholasCage. gif
| 16 | 1957 101 My Life As a Dog Comedy  Glanzelius, Anton Hallstrom, Lass 21 No NicholasCage. gif
| 17| 1984 150 Paris, Texas Drama Stanton, Harry |Kinski, Nastass Wim Wenders 27 Mo NicholasCage. gif
| 18| 1984 106 Romancing the S Action Douglas, Micha Turmer, Kathleer Silvestri, Rober 83 No NicholasCage. gif
| 19| 1982 120 The State of Thin¢Drama Isabelle Weinga Wenders, Wim 40 No NicholasCage. gif
|20 | 1986 98 Summer Comedy  Gauthier, Vince Riviere, Marie  Rohmer, Eric 11 No NicholasCage. gif
|21 1955 108 Smiles of a Sumr Comedy  Bjornstrand, GuJacobsson, UllaBergman, Ingm 58 No Bergman. gif
| 22| 1987 98 Under the Sun of Drama Depardieu, Ger:Bonnaire, SandiPialat, Maurice 45 No NicholasCage. gif
|23 | 1985 105 Vagabond Drama Meril, Macha  Bonnaire, SandiVarda, Agnes 43 No NicholasCage. gif
|24 | 1985 115 Warking Girl Comedy  Ford, Harrison  Griffith, Melanie Nichols, Mike 25 No NicholasCage. gif
|25 1984 106 A Year of the Qui Drama Wilson, Scott  Komorowska, v Zanussi, Krzys 78 Mo NicholasCage. gif
| 26| 1983 134 Yentl Music Patinkin, Mandy Streisand, Barb Streisand, Bart 46 Mo NicholasCage. gif
| 27 | 1982 111 Yol Drama Akan, Tarik Guney, Yilmaz 53 No NicholasCage. gif
|26 1992 102 The Addams Farr Comedy  Julia, Raul Huston, Anjelic: Sonnenfeld, B. 8 No NicholasCage. gif
129 1992 88 Adventures in Din Action Katz, Omri Hoffman, Shawr Thompson, Bre 19 No NicholasCage. gif
|30 | 1992 95 Alan & Naomi  Drama Haas, Lukas  Aquino, VanessVanwagenen, £ 3 No NicholasCage. gif v
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Univariate

* Dot plot
* Bar chart (item vs. attribute)
* Tukey box plot

P *Income Per Capita
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* Scatterplot

Bivariate

O Spotfire - StateData - Imported ODBC Data ([StateData]) - [Scatter Plot] = |E||5|
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Trivariate

» 3D scatterplot, spin plot

» 2D plot + size (or color...)
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Multi-Dimensional Data

 Each attribute defines a dimension

* Small # of dimensions easy

e Data mapping, Cleveland’s rules

J@ File Edit Yiew Insert Format Tools Data Window Help

 What about
many dimensional
data? n-D

What does 10-D
space look like?
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| 1 |Year Length Title Subject  Actor Actress Director Popularity Awards *Image
2 |integer integer string string string string string integer  string  string
5‘ 1990 125 Wild at Heart Drama Cage, Nicolas  Dem, Laura Lynch, David 6 No NicholasCage. gif
| 4 | 1961 120 Goodbye Again  Drama Perkins, Anthor Bergman, Ingrid Litvak, Anatole 6 No NicholasCage. gif
|5 | 1930 135 Hunt for Red OctcDrama Connery, Sean McTiernan, J. 8 No NicholasCage. gif
|6 | 1984 108 Terminator, The  Action Schwarzenegge Hamilton, Linda Cameron, J. 17 No T2.gif
| 7 | 1931 136 Terminator 2 Action Schwarzenegge Hamilton, Linda Cameron, J. 8 No T2.gif
| 8 | 1993 65 John Cleese on HComedy  Cleese, John  Booth, Connie 62 No NicholasCage. gif
| 9 | 1987 103 Au Revoir les Enf: Drama Manesse, Gasy Racette, FranciiMalle, Louis 35 No NicholasCage. gif
| 10| 1983 128 The Ballad of Nar: Drama Missing Imarnura, Shoh 15 No NicholasCage. gif
| 11 1950 138 Cyrano De BergelDrama Depardieu, Ger:Brochet, Anne | Rappeneau, Je 86 No NicholasCage. gif
|12 1950 107 Green Card Comedy  Depardieu, Ger:MacDowell, AncWeir, Peter 25 No NicholasCage. gif
13| 1987 118 Hope & Glory ~ War Hayman, David Miles, Sarah  Boorman, John 3 No NicholasCage. gif
14| 1982 122 Missing Drama Lemmaon, Jack Spacek, Sissy Costa-Gavras, 30 No NicholasCage. gif
| 15| 1986 125 The Mission Drama Niro, Robert De Lunghi, Cherie Joffe, Roland 20 Mo NicholasCage. gif
| 16| 1987 101 My Life As a Dog Comedy  Glanzelius, Anton Hallstrom, Lass 21 No NicholasCage. gif
| 17| 1984 150 Paris, Texas Drama Stanton, Harry |Kinski, Nastass Wim Wenders 27 Mo NicholasCage. gif
| 18| 1984 106 Romancing the S Action Douglas, Micha Turmer, Kathleer Silvestri, Rober 83 No NicholasCage. gif
| 19| 1982 120 The State of Thin¢Drama Isabelle Weinga Wenders, Wim 40 No NicholasCage. gif
|20 | 1986 98 Summer Comedy  Gauthier, Vince Riviere, Marie  Rohmer, Eric 11 No NicholasCage. gif
21| 1955 108 Smiles of a Sumr Comedy  Bjornstrand, GuJacobssaon, UllaBergman, Ingm 58 No Bergman. gif
22| 1987 98 Under the Sun of Drama Depardieu, Ger: Bonnaire, SandiPialat, Maurice 45 Mo NicholasCage. gif
|23 | 1985 105 Vagabond Drama Meril, Macha  Bonnaire, SandiVarda, Agnes 49 No NicholasCage. gif
|24 | 1988 115 Warking Girl Comedy  Ford, Harrison  Griffith, Melanie Nichols, Mike 25 No NicholasCage. gif
|25 1984 106 A Year of the Qui Drama Wilson, Scott  Komorowska, v Zanussi, Krzys 78 Mo NicholasCage. gif
| 26| 1983 134 Yentl Music Patinkin, Mandy Streisand, Barb Streisand, Bart 46 Mo NicholasCage. gif
| 27 | 1982 111 Yol Drama Akan, Tarik Guney, Yilmaz 53 No NicholasCage. gif
|26 1992 102 The Addams Farr Comedy  Julia, Raul Huston, Anjelic: Sonnenfeld, B. 8 No NicholasCage. gif
29| 1992 88 Adventures in Din Action Katz, Omri Hoffman, Shawr Thompson, Bre 19 No NicholasCage. gif
(30| 1992 95 Alan & Maomi Drama Haas, Lukas  Aquino, VanessVanwagenen, £ 3 No NicholasCage. gif v
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Map n-D space onto 2-D screen

* Visual representations:
— Complex glyphs
— E.g. star glyphs, faces, embedded visualization, ...

— Multiple views

— E.g. plot matrices, brushing histograms, Spotfire, ...

— Non-orthogonal axes

— E.g. Parallel coords, star coords, ...

— Tabular layout
— E.g. TableLens, ...

 Interactions:
— Dynamic Queries
— Brushing & Linking

— Selecting for details, ...



Glyphs: Chernoff Faces

e 10 Parameters:
e Head Eccentricity
* Eye Eccentricity
e Pupil Size
* Eyebrow Slope
* Nose Size
* Mouth Vertical Offset
* Eye Spacing
* Eye Size
e Mouth Width
e Mouth Openness

Eye spacing

/ Head eccentricity

Eyebrow slope

Eye eccentricity

Pupil size

MNose width

Mouth openness Mouth curva ture



Glyphs: Stars

dl
d7 d2 Evaluation of Alternative Glyph Designs for Time Series
Data in a Small Multiple Setting
dé d3 Johannes Fuchs' Fabian Fischer' Florian Mansmann'  Enrico Bertini’ Petra Isenberg®
"University of Konstanz INYU Poly ‘INRIA
d 4 fuchs @dbvis.inf.uni-konstanz.de ebertini@poly.edu petra.isenberg @inria.fr
d 5 (fabian.fischer|florian.mansmann) @uni-konstanz.de
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Multiple Views with
Brushing-and-linking

©)Spotfire Pro - baseball.sfs

File Edit View Options Tools Window Help
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Scatterplot Matnx
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... on steroids




Different Arrangements of Axes

* Axes are good

— Lays out all points 1n a single space

— “position” 1s 1%t 1in Cleveland’s rules

— Uniform treatment of dimensions

e Space > 3D ?

 Must trash
orthogonality

Spotfire baseball.sfs - [Scatter =18
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Parallel Coordinates

* Inselberg, “Multidimensional detective™
(parallel coordinates) : o




Parallel Coordinates

* Forget about Cartesian orthogonal axes
* (0,1,-1,2)=

A%
A

>
>
>N




Star Plot
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Parallel Coordinates with axes arranged radially



Star Coordinates

* Kandogan, “Star Coordinates™
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Star Coordinates

Cartesian Star Coordinates
P=(vl,v2,v3,v4,v5,v6,v7,v8)
P=(vl, v2)
di
g 1
p
t
J v2 s d7 < . a3

Mapping:
* [tems — dots
« ¥ attribute vectors — (X,y)



Analysis



Table Lens

http://www.ramanarao.com/papers/

 Rao, “Table Lens”™

tablelens-ch194.pdf
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Jeffrey Leonar 0. 27859238 0.27260458 S.F. 900
Donnie Hill 0.28318584 0. 2725564 Dak. 275
Billy Sample 0. 285 0.2718601 tl. A
3 3 3 .. = =
E = FEEEEE - - - B
E "EEE - B BE —
-k FEE - — EF
2 FEEEE . T BEEE =
E A1 cFE o = =
Howard Johnson 0. 24545455 . 25232068 .Y B 297.5
andres Thomas 0. 250774 ). 2521994 Atl. 75
Billy Hatcher 0. 25775656 ). 25211507 Hou. 110
0mar Moreno 0.2339833 ). 2518029 AL |3FN
Darnell Coles 0. 2725528 E . 25153375 Det. 05
= AN D = — -
3 FEEE 2o oo = =5
9 L | . — =
e b S 2 4 - - i:
{ FrEr . EEE ==
7 -EEE - T ER B
I —
Row 304: Mike Lavalliere; Column 20: Put Outs Value: 468 810 -- 2163




FOCUS / InfoZoom

e Spenke, “FOCUS”

* Finding correlations between the measurements and the
occurrence of a thrombosis

& InfoZoom - [SpecialExaminations fox] = InfoZoom - [SpecialExaminations.fox]
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Visualization and Interactive Analysis of Blood Parameters with InfoZoom

Michael Spenke
GMD — German National Research Center for Information Technology
FIT — Institute for Applied Information Technology, http://www.gmd.de/fit



VisDB & Pixel Bar Charts

 Keim, “VisDB”

[}
(A) A Regular Bar Chart (B) A Pixel Bar Chart
The most Yg 1 2 3
profitable
customers
10000080 s
'] high A
m
‘i n Color = # of visits
8 ° SNy December has the most u
1 # of customers. But n
5 they only purchase t
o AN medium price products
3 X000
2 Jow R X ARG SRR
0 m r
bottom X
Maonth In Year Samount 12345678 9 10 1112
customers

Figure 2: A Pixel Bar Chart Construction
Month In Year

Figure 1: An Example of Mining 44,401 Sales Transactions By Months In A Year

<customer,
month,

dollar amount ,
number of visits,
dollar amount >

<pixel object,
dividing attribute,
Y-ordering attribute,
X-ordering attribute,
coloring attribute>
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Comparison of Techniques



Comparison of Techniques

ParCood: <1000 1items, <20 attrs

» Relate between adjacent attr pairs

StarCoord: <1,000,000 1items, <20 attrs

» Interaction intensive

TableLens: similar to par-coords

» more items with aggregation

» Relate 1:m attrs (sorting), short learn time

Visdb: 100,000 1tems with 10 attrs

» Items*attrs = screenspace, long learn time, must query

Spotfire : <1,000,000 items, <10 attrs (DQ many)

» Filtering, short learn time



Scaling up further

 Beyond 20 dimensions?

1. Interaction
 E.g. Offload some dims to Dynamic Query sliders, ...

2. Reduce dimensionality of the data
 E.g. Multi-dimensional scaling (MDS) ...later

3. Visualize features of the dimensions, instead of

the data
* E.g. rank-by-feature

« Tableau



e Seo, et al.

Rank-by-Feature

Orderby ¢

Scoras Dwarview

Eorrel ation Coeflicient

Pearsona t
Linear correlat

HOMEVALUEZ2000
_ |INCOME1999
. | |PRCNTCOLLEGE2000
| | |PRCNTHSGRADS2000
LIFEEXPECTANCY

X

> POVERTY1399
-» PRCNTHSGRADSZ000



Signal ranscction

Combining multiple data type
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w. Table - StateData ()

=10] |
Load |_

State College Degree % | Per Capita Income
Alabama 20.6% 11486
Alaska 30.3% 17610
Atizona 2?1% 13461
Arkansas 17.0% 10520
California 31.3% 16409
Colorado 33.9% 14521
Connecticut 33.8% 20189
Delaware 27.9% 15854
District of Columbia 36.4% 186881
Florida 24.9% 14698
Georgia 24.3% 13631
Hawail 31.2% 165770
ldaho 25h.2% 11457
lllinois 2b.8% 15201
Indiana 20.9% 13149
lowa 24.5% 12422
Kansas 2b.5% 13300
Kentucky 17.7% 111563
Louisiana 19.4% 10635
hMaine 2h.7% 12957
hMaryland 31.7% 17730
Massachusetts 34.5% 17224
hMichigan 24.1% 14154
Minnesota 30.4% 14389

n
ipatial)




Your solutions



1. Small Multiples

ONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 12, NO. 5, SEPTEMBER/OCTOBER 2006

The Perceptual Scalability of Visualization

Multiple views: 1 or more attribute / map

Beth Yost. Student Member. IEEE and Chris North

Scalability 1ssues: perception | display
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2. Embedded Visualizations

Complex glyphs: For each location, show vis of all attributes
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2D vs. 3D



3.2D vs. 3D

Graph Design 1.Q. Test

Question 7: Which graph makes it easier to determine R&D’s travel expense?

2006 Expenses by Department

Milions of USD

O 3-D Bar Graph (left)

Management &) 2-D Bar Graphs (below)

Software Accounting
»
2006 Expenses by Department in Millions of USD
R&D Sales Management Accounting
Paytoll I e R i
Equipment I = = =
Trave! 1 TR =ma g
Suppiics INEG_—— o] <] K
Software  IEEEGEG—— = = @
Misc. I === =S| -
B T LT
L L /

Occlusion
shadow changes the colors?

Chart junk
Patterns -> area;

perspectives



_Enaelmann soruce
Ficea enuelmannn Ske

2D vs. 3D: text?

TeXtS ? 3 § bier: 79 inches
B hoe: 250 vears

d. Knohcone pine
7. Whitehark pine
13. &lpine I:
5. Fraser fir

4. Mhite fir

Feiner, Augmented reality

3. Westem larch

Max Age: 100 years

Pinus hanksiana species
Height: 55 to 65 feet
Diameter: & to 10 inches
Max Age: > 200 years

\““ 2lon
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Low Clhralies |
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Mental modal vs. Features

Foundations of Science (2005) 10: 89-106 © Springer 2005

J. GREGORY TRAFTON, SUSAN B. TRICKETT and FARILEE E. MINTZ

CONNECTING INTERNAIL AND EXTERNAL

VIS externahzatmn medla REPRESENTATIONS: SPATIAL TRANSFORMATIONS OF
SCIENTIFIC VISUALIZATIONS

. Y 4 &
g <
L
( r -~
o PRV P .a g
s | Chin?
2508 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 17, NO. 12, DECEMBER 2011 > ;@. Y L
, I . e . l " L .
Visual Thinking In Action: Visualizations As Used On Whiteboards — —N . -
Jagoda Walny, Sheelagh Carpendale, Nathalie Henry Riche, Gina Venolia, and Philip Fawcett - = w -




Stereo, tracking, larger FOV?

http://www.youtube.com/watch?v=I1x4-g6wbtU#t=29

Linsen group, the effect of stereoscopic immersive environment on projection-based
multi-dimensional data visualization. IV 2013.

Tasks: 1. count the cluster; 2/3. find closest cluster to a specific point/cluster; 4. detect
the densest cluster; 5. find the most distant cluster pair; 6. count the outliers; 7. find the
closest cluster to select group of points; 8. name all of the pairs of overlapping clusters

(a) (b) (d)

Fig. 1. Visual encoding of the clusters in 3D visual space using (a) Points, a 3D scatterplot with clusters encoded by color., (b) ConvHull, (¢) PointsEncSurf,
(d) NonconvHull, and (¢) HullEncSurf.



Time series

e Van wijk and van Selow 99,

« # of people inside and amount of power used over the
course of each day for one full year.

Total KW-consumption ECN




Total KW-consumption ECN
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2.5D

» Petra Isenberg, Hybrid-image vis (2013)
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* Today: Alex Garbarino (pathway analysis)



2.5D

* Seokhee Hong




Multi-Dimensional
Functions



Multi-Dimensional Functions

o Ve = KT T, L X8 0 WX )
e Continuous:
* E.g. y=x°+2x,%-9x,

* Discrete:
* x. are uniformly sampled in a bounded region
 E.g. x =[0,1,2,...,100]

« E.g. measured density in a 3D material under range of
pressures and room temperatures.



Variables

* Independent variables
* Dependent variables

. Table - StateData () -0 x|
Load |
State College Deagree % | Per Capita Income
Alabama 20.6% 11486
Alaska 30.3% 17610
Arizona 2?1% 13461
Arkansas 17.0% 10520
California 31.3% 16409
Colorado 33.9% 14821
Connecticut 33.8% 20189
Delaware 2?.9% 15854
District of Columbia 36.4% 18881
Florida 24.9% 146983
Georgia 24.3% 13631
Hawaii 31.2% 165770
Idaho 25.2% 11457
lllinois 2b.8% 15201
Indiana 20.9% 13149
lowa 24.5% 12422
Kansas 2b.5% 13300
Kentucky 17.7% 11153
Louisiana 19.4% 10635
Maine 25.7% 12957
Maryland 31.7% 17730
Massachusetts 34.5% 17224
Michigan 24.1% 14154
Minnesota 30.4% 14389




Relations vs. Functions

» Relations:
* R(A,B,C,D, E, F)
 All dependent variables (1 ind.var.?)

» Sparse points in multi-d dep.var. space

* Functions: well behaved relations
* R(A,B,C,D,E,F,Y) : Y=f(A,B,C,D,E,F)
e Many independent variables
» Defined at every point in multi-d ind.var. space (“onto™)
e Huge scale: 6D with 10 samples/D = 1,000,000 data points



Relation or function?

domain range
-3 -6
-2 -1
-1 0
0 3 Function
1 15
domain range

-3

_zs .
11— Function
0

1

domain range

33— 6
2—p1

(} 2 g Relation
1 15

domain range
3——»6
22— p1
-1—p 0
0—p 3 . - 3
Y Neither Function nor Relation?
16



Multi-D Relation Visualizations...

©devTool Yersion 4.0

e Don’t work well for —
multi-D functions

« Example:
e Parallel coords

e 5D func sampled on
1-9 for all ind.vars.

[feed  =5297




File  Preferences Windows

» Typically want to
encode ind.vars.
as spatial attrs




1-D: Easy

. b=1(a)

e 9 —>X b

° bey




2-D: Easy
c = f(a, b)
Height field:

C o,

b—y

Crog Z



c=1(a, b)

Heat map:

a— X
b—y

¢ — color




3-D: Hard
d=1(a, b, ¢)

Color volume:
a— X
b—y
=

d — color

What’s inside?



>4D: Really Hard

o v=1(X{, Xy, X3, Xy, +e0y X))
* What does a 5D space look like?

* Approaches:
 Positioning: Recursive pattern (Keim)
» Scalable aggregation: imMens (Liu)
* Nested coordinate frames (Worlds within Worlds)
 Slicing (HyperSlice)
e Radial Focus+Context (PolarEyez, Sanjini)
— What we talked about before: filtering | overview



Position on paper
Keim, Recursive pattern: a technique for
visualization very large amounts of data

1 ' 2 . 3
G oap ey s e e o o b
e LD [EES] (EE5 e e
- a8 a. leftright EEE] EEEE T e
= ||l [SES (E55 e
a. line-by-line b. column-by-column E E E ] E E E EEE‘EEEFEEE
Figure 1: Simple Data Arrangements [ s e fp F:‘E P szi -t ped
b. top-down c¢. back-and-forth loop d. line-by-line loop E — = E = EE = E
Figure 3: Examples of Possible Arrangements = E; = ‘E ES E_ = ? =
Figure 4: Fully Recursive Arrangement
IBM DOLLAR
20,00 ] [ ﬁ l :: N :' | '
RTINS
' mM .: DOLLAR
:: e v 600 F —1
ot "zl ARRN L Rt A BA W ARV W
T oowiows™ | [T i

Figure 5: X-Y Diagrams

GOLD (USS)
e Level Recursive Arrangement (Sep. ‘87 - Feb. ‘95)




Aggregation: Binned plots

* Liu, Jiang and Heer, imMens: Real-time visual querying of big data
— ‘big’: one million or more data cases
— Bin: adjacent intervals over a continuous range
— Scalability issues: perception | interaction.
— Novelty: scalability should be limited by the chosen resolution of the

visualized data, not the number of records.

Numeric Ordinal Temporal Geographic ‘
i
= Gy - L e ® f
: ‘. = /\/\\ E 3
1D elme e == | ® (5)
Histogram Bar Chart Line Graph / Choropleth Map
Area Chart
/i, W
¢ &= = i |
2D . i ™l 4
Binned Heatmap Temporal Geographic ' ‘
Scatter Plot Heatmap Heatmap © (@)

Figure 2: Scatter plots with 100,000 data points: (a) tradi-
tional, (b) hexagonal bins, (c) rectangular bins and (d) rect-
angular bins with perceptual (cube root) color adjustment.



Interactive Visualization of Streaming Data with Kernel Density Estimation

Ove Daae Lampe* Helwig Hauser®
University of Bergen, Norway and University of Bergen, Norway
Chr. Michelsen Research AS www.ii.UiB.no/vis

7 .‘luff = ;.,_\‘/—._).uccv-cs-or{,:\:o::-: w.‘?’ e
! -

o R 4 L2

Figure 1: Interactive zooming towards SF Bay, where at first all the traffic from the Bay Area is aggregated, to a view where we can separate traffic
from the three major airports, and even the distribution of traffic in each airports‘ cardinal direction. This interaction is enabled by automatically
updating the bandwidth of the KDE when the viewport changes.



Hierarchical Axes

1D view of 3D function: (Mihalisin et al.)
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Inxight Eureka - [Untitled 1]

File Edit Yiew Database Tools Options Window Help
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Nested Coordinate Frames

e Feiner, “Worlds within Worlds™




Slicing

* Van Wik, “HyperSlice”
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Radial Focus+Context

e Jayaraman, “PolarEyez”

e infovis.cs.vt.edu

x1

x2

X3

x4

-x2

-x 1




Comparison

Hierarchical axes (Mihalisin):
Nested coordinate frames (Worlds 1n Worlds)
Slicing (HyperSlice):

Radial Focus+Context (PolarEyez)



Comparison

Hierarchical axes (Mihalisin):
e <6d by 10 samples, ALL slices, view 2d at a time

Nested coordinate frames (Worlds 1n Worlds)

o < 5-8d, continuous, no overview, 3d hardware
Slicing (HyperSlice):

« < 10d by 100 samples, 2d slices
Radial Focus+Context (PolarEyez)

e < 10d by 1000 samples, overview, all D uniform, rays



Review (9/17)

Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (3 ldentity Channels: Categorical Attributes
—_——i A
Position on common scale —.— » Spatial region " 0 .
[}
=
Position on unaligned scale — e Color hue HEBR
. o . ) o o
Length (1D size) Motion o ® G
Tilt/angle | S Shape + O N A
Area (2D size) - =l é
2
Depth (3D position) e —e E
Color luminance HL 1§ I
£
(]
Color saturation OrmE "’
Curvature | ) ) D .
J
, v 3
Volume (3D size) v iy | -

Figure 5.6. Channels ranked by effectiveness according to data and channel type. Ordered data should be shown
with the magnitude channels, and categorical data with the identity channels.



Review (9/17)

 Many ways to look at tables; multi-D data; what
are they?
— Glyph (face; star glyphs; )
— Coordinates (star coordinates; parallel coordinates)
— Table lens



Upcoming (9/17)

 Homework 2 (out tonight, due 9/29)

* Proposal due (10/20)

— Title of your final report (begin with the title of the
project first)

— Meeting with the client / advisors
— Data abstraction

— Task abstraction

— Initial design

Mandatory: talk to Jian about your project topic next
Monday / Wednesday after class 2:30-3:30pm. You

MUST have a client.



