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Outline

= Basic Visual Data Analysis Concepts
= 12 Examples of Interesting Problems
= High-level problem description

= Data

= |mportant questions to answer

= Video lllustrating solution
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Data Is everywhere

= Social: every second, on average, around 6,000 tweets are
tweeted on Twitter, which corresponds to over 350,000
tweets sent per minute, 500 million tweets per day and
around ZOO b”“on tWeetS per year source: http://www.internetlivestats.com

» Urban: NYC Taxi, Metro and Bike data, San Francisco
open data, etc.

= Sensor: various types
= fithess (Garmin, Nike, Polar, Fitbit, GPS trackers, etc)
= health (Withings, phone apps, etc)

s Scientific: simulation, medicine, etc
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Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools
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= Data is big, unstructured, and often complex.
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Visual Data Analysis: The role of Data Analysis
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Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools
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Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools
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Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools

Interaction

I

Model KﬂOWledge
Visualization

Parameter
Refinement

Mapping Visualization

Transformation

b Model
Building

k

Mining

Jodo Comba



ssssssssssssssss

Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools

Interaction
Mapping
TransformatiV \
Model

Model KﬂOWledge
Building Visualization
A
k /

Mining
Parameter

Refinement
Inf Feedback Loop
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Visual Data Analysis: The role of Data Analysis

= Data is big, unstructured, and often complex.

= Finding patterns, associations, or relationships in data using
visualization, mining and analytical tools

Interaction
Mapping
TransformatiV \
Model
Building

Visualization

Model KﬂOWledge
Visualization

A
Thomas, J., Cook,
K.: llluminating the Data
Path: Research and Mining
Development
Agenda for Visual Parameter
Analytics. Refinement

INF_ |IEEE-Press (2005) Feedback Loop
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Visualization Reveals Data
= show the data

= nduce the viewer to think about the substance rather about
methodology, graphic design ...

= avoid distorting what the data have to say

= present many numbers in small space

= make large data sets coherent

= encourage the eye to compare different pieces of data

= reveal the data at several levels of detall, from broad view to the fine
structure

= Serve a reasonably clear purpose: description, exploration, tabulation
or decoration

= pe closely integrated with the statistical and verbal descriptions of a
data set

Inf Edward Tufte. The Visual Display of Quantitative Information. 1983 (p. 13)
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urres . Examples of Interesting Problems
= Published Work
1.Visualization of Running Races

2.Environmental Phenological
Analysis (Biology)

3. Traffic Analysis in Urban
Environments

4 Visual Analysis of Bike Sharing
Systems

5.Real-Time Visual Exploration of
Big Data

6.Visual Exploration of Software
Repositories
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Sibgraps paper ID: 113168
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J O Visualizing Running Races Through the Multivariate Time-Series of Multiple Runners

-I Guilherme QOliveira, Joao Comba, Rafael Torchelsen, Claudio Silva, Maristela Padilha
Proceedings of Conference on Graphics, Patterns and Images (SIBGRAPI 2013).
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=== GPS and Heart-Rate Monitors

1 CCNNECH svinas

- =3

Activity Name Activity Type  Course St - Teme Distance Bavation Gan Avg Speediin
RAunning » Mon, 26 Sep 200 1749 14419 1209 ]
Mraeg - Yoe, 20 Sep 2004 1710 0 004
Arneg - Mon, 17 Sep 2096 1802 IBIEY 055 74
Funning Sun, 11 Sep 20% 1055 120016 5.05 w3
g Fri. 9 Sep 2008 1730 12649 8.04 »
Aurrng - Mon, $ Sep 2096 1813 ) M
Furning Mon. 5 Sep 209 1738 225 282 1"
Furnrg Fri, 2 Sep 2008 1738 123818 12,00 5
Rurning - Mon, 29 Aug 20% 1016 1102 0.0 0
Ararg Wed, 24 Aug 2016 18.06 13115 9.85 &%
Furrng Mon, 22 Aug 2004 1608 12014 11,13 40
Rurnng - Wed, 17 Aug 2006 100 1229 072 40
Ararg Mon, 15 Aug 2056 1810 111312 853 “
Furneg Fo, 12 A 2004 1613 10034 s
Aurneg - Wec, 10 Aug 209 17542 1:35.40 12,00 w4
Funning Mon, 8 Aug 20% 1833 730 082 &
Furoeg Man, & Aug 2008 1811 12018 a5 n
Rurnieg - Wed, 3 Aug 2006 TR15 109m .9% »
Rurnng Tha, 28 M4 2059730 12435 10.0% te3
Furning . Wed, 27 JA 20 11D 02 a0 2

T 1 4 £ : ! Resuls 1 - 20 of 421
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GPS and eart—Rate Monitors
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= Phenological Analysis Using Chronological Percentage Maps

£

PhenoVis - A tool for visual phenological analysis of digital @_U
camera images using chronological percentage maps

o Sy, 300 P Saits Ly - LATSH, £ Cho, 90 350 400 Bt
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PhenoVis — A Tool for Visual Phenological Analysis of Digital Camera Images Using
Chronological Percentage Maps

Guilherme Oliveira, Lucas Schnorr, Jurandy Almeida, Bruna Alberton, Leonor Patricia
Morellato, Ricardo Torres, Joao Comba

Information Sciences 372 (2016) 181-195

-~

N

Jodo Comba



&
UFRGS

UNIVERSIDADE FEDERAL
DORI

== Phenology

5 " Study of periodic plant and animal life cycle events and
how these are influenced by seasonal and inter-annual
variations |n climate

11 October 2013 18 October zona
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Phenological Eyes Network (PEN)
InF_ http://pen.agbi.tsukuba.ac.jp/index.html
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Phenological phases

= Average used to evaluate phenological variations in a year

2

3 %r =r/ (r+g+b)

4 %9 =g/ (r+g+b)
5 %b = b / (r+g+b)
5 05

7

3

S Time: 1 year

10

11

12
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1 The problem with the average
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Given a pre-defined color map

Scale it
proportionally to
the percentage
distribution

Compute for each pixel
a value (e.g. gcc) and
generate a percentage
distribution
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UTS Chronological Percentage Maps (CPMs)
2 Stacks of percentage maps in chronological order
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Chronological Percentage Maps (CPMs)

Stacks of percentage maps in chronological order
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=== |Jsing Probabillistic Vector-Valued Functions to Explore Traffic
ynamics in Urban Environments
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Eurographics Conference on Viualization (EuroVis) 2015 Volume 342015, Nunber 3
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Exploring Traffic D in Urban Envir Using
Vector-Valued Functions
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Abstract

® quality of lfe i o optimize hi
engineers and decision makers need o explore traffic data. I doing so, thy face two important challenges: the
sparseness of speed sensors that cover only a limited rumber of road segments, and the complezity of trafic
patterns they need to analyze. I this paper we take a firs step at addressing these challenges. We use New York
City (NYC) taxi trps as sensors to capture trafic information. While taxs provide substantial coverage of the
city,the data captured about i tips coniein neither the location of taxis at frequent ntervals nor their routes.
We propose these data, and show that
provides reliable estimates. Using these estimates, we define a time-varying vector-valued function on a directed.
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We demonstrate the utlity of our technique in several case studies that reveal interesting mobility paterns in
NYC's trafc. These paterns were validated by expers from NYC's Depariment of Transportation and the NYC

O Taxi &
conna Pk
e ake. %7
T, = 1. Introducton paricular,the spariness of traffc data that i captured and
! retcronotan’, & Data captured in urban environments provide valugble fn.(he complexity ofthe analyses hatneed 1 be carrid ot
) < ponents of a ciy. Tratic
£ “The analyss of such data hs the poential 1o derive knowl  readers (eg., EZ-pas). However, only o small number of
“H A ‘edge that can be used to make cities more efficient, as well these devices are deployed in practice. GPS-tracked vehicles
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4 fenent pars of the iy, Quetions pertaining to rffc pa. dersth anlysi as wella the accurcy of derived models.
tems in a city can be beoadly caegorized as scalar-based  While tracking all vehices is not feaibe, it is posible
o y y categ 3 poss
D o a4 o) and mobility-based tasks, Scalar-based questions involve a0 track an important subset: axis. Taxi fleets in many cities
EB \ o, o gy e propery of e sl such ax sped and denity of e equipped wih S, Consdr o cxample, Now York
Inepi Seo A & o g ea A 5 2 > 8 wraffe Tusks of inkrest from this cacgory include explor- ity (NYC): 13,000 taxis mtke, on sverage, S00.000 trips
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DRSS Gieey O - this infrastructure does not have adverse affects, they should  city in space and time [ZHUK13]. Unfortunately, taxi data
A N e also be able to simulate traffic dynamics under various con. captured by the NYC Taxi & Limousine Commission con-
Sy oo PN ¢ sraints. But doing so is challenging for many reasons, in  tains neither the location of the taxis at regular intervals nor
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Using Probabilistic Vector-Valued Functions to Explore Traffic Dynamics in Urban
Environments

Jorge Poco, Harish Doraiswamy, Huy Vo, Joao Comba, Juliana Freire, Claudio Silva
Computer Graphics Forum, Volume 34 (2015), Number 3
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Visual Analysis of Bike-Sharing Systems
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Visualizing the Dynamics of Bike-Sharing Systems
Guilherme Oliveira, Jose L. Sotomayor, Rafael Torchelsen, Joao Comba
Computers&Graphics, 2016 (available online)
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Hashedcubes: Simple, Low Memory, Real-Time Visual
Exploration of Big Data

Day of Week

| = pk

Hashedcubes: Simple, Low Memory, Real-Time Visual
Exploration of Big Data

Cioaro A L. Pahing, Sean A. Stephans, Carios Scheidegoe, Jodo L. O, Comba

Hour Of Day

22

Overview of USA tweets between Nov 2011 and Jun 2012 NYC Green Taxis pick-up Brightkite in Europe Brightkite temporal series

Defense blows

Out coached/out played
I can't tweet fast enough to keep up with this game... Wow

K #whatthehell let's go D

Ed@KeithN to @BjCunningham_03 TOUCHDOWN!!!! Pat fake good! 22-21 #spartannation
Bj for president
Haha actively cheering for state in the wisconsin crowd. Badger fans are so deuchy. u_

I've seen it all... And it's not even halftime! #B1G

Wisconsin run the f ball

Hashedcubes: Simple, Low Memory, Real-Time Visual Exploration of Big Data

Cicero Pahins, Sean , Carlos Scheidegger, Joao Comba
|[EEE Transaction on Visualization 2016 (to appear), Proceedings of IEEE InfoVis 2016
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Hashedcubes Query

/region/0/0/0/0/1/1
Spatial Constraint

/where/hour_of day=0|1]|
2|3|4|5|6|7]8|9|10]11]
12|13]|14|15]|16]17]|18]|

/where/
19]|20|21]22]|23 day_of week=0|

1|3|4




Hashedcubes Query

 /brightkite
* Dataset
* /region
* Query type
* /region/0/0/0/0/1/1
e Spatial Constraint
* /where/day_of week=0|1|3|4
* Categorical Constraint
* /where/hour_of_day=0|1]|2|3]|4|5]|6|7|8]|9]10|11]|12|
13|14|15|16]17|18|19|20]21]22]|23

* Categorical Constraint



Heatmap

= /region/0/0/0/0/1/1
* Spatial Constraint

= /where/day_of week=0|1|3|4
= No constraint * (Categorical Constraint

= /where/hour_of_day=0|1]|2|3|4|5]|6]|7|8|9]|
10|11]|12|13|14|15|16]17]|18|19|20|21|22|
23

e Categorical Constraint




Histogram

= No constraint

= /region/0/0/0/0/1/1
* Spatial Constraint

» /where/day_of week=0|1|3|4

* (Categorical Constraint

» /where/hour_of _day=0|1|2|3]|4|5|6]7]|8]|9]|10|11]
12|13|14|15|16|17]18|19|20]|21]22]|23

e Categorical Constraint




Histogram

‘0'0'00..

= No constraint

= /region/0/0/0/0/1/1

* Spatial Constraint
FR 2P P RE

» /where/day_of week=0|1|3|4
* Categorical Constraint

» /where/hour_of _day=0|1|2|3]|4|5|6]7]|8]|9]|10|11]
12|13|14|15|16|17]18|19|20]|21]22]|23
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=== Metric Evolution Maps: Multidimensional Attribute-driven
Exploration of Software Repositories
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“= Conclusions

= \isual Data analysis has several interesting problems
= Data Mining Algorithms
= \isualization Technigues
= High-Performance Computing
= Spatial Data Structures and Geometric Algorithms
= Machine Learning Algorithms

» Mathematical and Statistical Analysis

= Software implementation (web, prototypes)
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