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Introduction: Data-Driven Research

» Enabled by data availability
— satellites, sensors and observations...
* Visualization often triggers new scientific ideas
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Explorative Workflows
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» Users explore data and various kinds of processing steps
— Multiple paths are followed - separate workflows
* Requirements:

— Low latency visualizations
« Data abstraction and generalization

— Citations + reproducibility
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Challenges

* Visualization
— Big / heterogeneous data
— Identify relevant data / quality issues

» Explorative workflows
— Explorative usage
— Data lineage / citations

* Time as an integral dimension
— Data changes over time
— Detect temporal patterns
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Our Approach: VAT - Architecture Overview

MAPPING

Raster Data

p L =Dy

OOO

Front End Processing Vector Data
Back End

}.
"H.
<
External
Tools
6




WAVE: VAT's Graphical User Interface

Operators Project
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 Parallel requested as tiles
» Aggregation to match map resolution
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Visualization: Vector Data

* Polygons and lines: Simplification
* Points: Clustering
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Visualization: Identify Relevant Data

Macropus gig...

* Non-overlapping clustering

v Macropus gig...

—> Allows pattern recognition + data reduction
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Visualization: Identify Relevant Data

v Data Table Citation v Data Table Citation

D Elevation basisofrecord D Elevation basisofrecord
D 64.7619 + 4.89805 PRESERVED_SPECIMEN, OBSERVATION, HUMAN_OBSERVATION D 227 HUMAN_OBSERVATION
D 156.8 + 14.8916 PRESERVED_SPECIMEN, HUMAN_OBSERVATION D 657 HUMAN_OBSERVATION
D 196.192 £10.9211 HUMAN_OBSERVATION, PRESERVED_SPECIMEN D 770 HUMAN_OBSERVATION
D 793.066 + 257.32 PRESERVED_SPECIMEN, UNKNOWN, HUMAN_OBSERVATION, MACHINE_OBSERVATION D 83754155 HUMAN_OBSERVATION
D 168.5 + 43.1978 PRESERVED_SPECIMEN, FOSSIL_SPECIMEN, HUMAN_OBSERVATION D 905 HUMAN_OBSERVATION
] 32 HUMAN_OBSERVATION

H 522 HUMAN_OBSERVATION

* Linked table view:
— Aggregated numeric attributes
— Representative text attributes
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Visualization: Quality Issues
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Workflow: Combining Data

A~ Macropus gig... Point in Polygon Filter

@ Paint

Points ® e

Select input Points

~ Macraopus gig...

Input A

Macropus giganteus + Elevation

Polygons ® O

Select input Polygons

- Vectar

~ Elevation
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Input A
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Cutput Name

Specify the name of the operator result

CQutput Layer Name
Filtered Values

CANCEL

13 .
Philipps {5



Workflow: Combining Data

~ Filtered Values

(@] Paint

~ Macropus gig...

(5] Paint
~ Macropus gig...

- Vector

A~ Elevation
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(Explorative) Workflows: Lineage Tracking

. Workflow for Filtered Yalues
~  Filtered Yalues

@] Paint Type

k
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Workflows: Citations

~  Filtered Values

() Paint

~ Macropus gig...
o Paint

~ Macropus gig...

- Vectar

A~  Elevation
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v Data Table Citation

URI: http: fwanw.gbif org/dataset/96275bf2-8999-4869-95d5- 490338439100

Citation: Western Australian Museum: Western Australian Museurn provider for 0ZCAM
License:

URI: http: #wwnw.gbif.org/dataset/7c93d290-6c8b-11de-8226-b8a03c50a862

Citation:  The Shuttle Radar Topography Mission, Rev. Geophys., 48, RG2004, doi:10.1029/2005RG000183
License: public domain

URI: http:#www2 jpl.nasa.gov/srtmy

Citation:  1UCN 2014. The IUCN Red List of Threatened Species. Version 2014.1. http:#wwwiiucnredlist.org. Cownloaded on 06/01/2014.
License:

URI: http:#wwwiucnredlist.orgf
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Support for Temporal Operations

. R R Y [nput 1
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Time as an Integral Dimension

Macropus gig... i i N ~ Output

Avg Temp ' B 7Y | Temperature

January
v Data Table Citation
D Temperature basisofrecord gbifid
D 29101 PRESERVED_SPECIMEN 1.10123e+09
J 28 PRESERVED_SPECIMEN 1.06662e+09
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Time as an Integral Dimension

v Macropus gig... ~  Output
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v Data Table Citation

Temperature basisofrecord gbifid

D 23.25+0.0499992 PRESERVED_SPECIMEN 1.10123e+09

n 224 PRESERVED_SPECIMEN 1.06662e+09

Philipps Universitdt



Time as an Integral Dimension

v Macropus gig... ~  Output

A~ Avg Temp Temperature £a
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v Data Table Citation

I:] Temperature basisofrecord gbifid
D 14.9 + 0.0999999 PRESERVED_SPECIMEN 1.10123e+09
n 142 PRESERVED_SPECIMEN 1.06662e+09
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User Evaluation

o CD X Q {http://vat gfbio.org ] @

[ Data Oporolm‘ﬁmioct\
VAT - 9 —gl RETETEnTE TImE ———
— - Lineage  >_ Rename - GFBio Search
— Layers v v _ @ 2010-04-16
— @ Export  [I]]Symbology [ |Q Project = & Upbod
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w Data Table ' Layer Title | Basic Layer Information
taxon_id latitude | longitude | family genus event_date
il 5229227 56.2003 16.402|Laridae Sterna 2005-09-17T00:00Z
5229227 56.6421 12.7292 |Laridae Sterna 2005-09-18T700:002
2481042 588 17.7907 |Falconidae Falco 2005-08-31T00:002
} 2495000 56.9477 18.305 | Aegithalidae Aegithalos 1987-05-17T00:00Z
249070 598332 17.6014 | Alaudidae Alauda 2001-03-28T00:00Z
5739317 57.1197 12.1959|Muscicapidae Phoenicurus 2005-09-17T00.00Z
"‘N 2487924 571717 12.378|Paridae Parus 2005-06-18T00:00Z
2487924 §9.8271 17.6677|Paridae Parus 2001-04-04T700:00Z
249815 56.6283 12.9209| Anatidae Anas 2005-09-19T00:00Z
2494154 60.7296 175492 |Fringilidae Loxia 1985-05-30T00:00Z
2474377 590066 16.167 |Rallidae Fulica 1969-04-09T00:00Z
2494422 §9.3395 18.0721|Fringillidae Fringilla 2005-09-19T00:00Z
2481309 60.7296 175492 | Alcidae Alca 1985-05-30T00:00Z
248174 588 17.7907 | Scolopacidae Calidris 2005-08-11T00:00Z -
v
» Use-cases with 15 domain experts in biodiversity
Overall positive feedback, minor changes




Conclusion / Future Work

« Our approach to interactive data exploration for geoscience
— Low latency visualization
— Explorative workflows
— Time as an integral dimension

 Future Work
— Adaptive applications / Application builder
— Connectivity to external tools e.g. R

»
<
— Support for complex time patterns / aggregation
I e.g. Average; Jan-Apr; 1995-2000;
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