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ESDA

m \Working Definition:
— Find structure (cluster, unusual observations) In
large and not necessarily homogeneous

spatial data sets

— Goal or expected outcome of exploration
usually unknown in agvance




Software: XGobi/GGobi

Swayne, Cook and Buja

o | nteractive environment for exploring multivariate data
*Linked views allow “linked brushing”
* Univariate, Bivariate and Multivariate views of the data
* Grand tour

*\Wide variety of methods
* Open source
* Free

e Caveats
* XGobi only on UNIX and Linux platforms
* GGobhi aso avallable for PCs but not yet fully developed




Software: Arc\View
ESRI™

e Desktop GI S with wide Range of Viewing
and Data Manipulation Functions

— Editing Features

— Query Operations

— Map Display

— Interactive Interface

— High Level Internal Scripting Language




Featur es of ArcView/XGobi-L ink

m Multivariate Link

m CDF Link

m VVariogram-cloud L ink

m Spatially Lagged Scatterplot Link

m Multivariate Variogram-Cloud Link




Multivariate L ink
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Spatially | agged Scatterplot | ink

= XGobi: AV2-XGobi

¥Gobi: AY2-XGobi
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Multivariate Variogram-Cloud | ink
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Software: ExplorN/Crystal\Vision

Wegman, L_uo, Carr

o | nteractive environment for exploring
multivariate data (similar tor X Gobi/GGolr)
* Advanced Parallel Coordinates Displays
* 3D Surfaces

* Stereoscopic Displays

e Caveats
* ExplorN only on SGI" platforms
* CrystalVision available for PCs but not yet fully devel oped
* No interface to GIS software




T ools: Parallel Coordinate Plots

i




Trools; Scatterplot Matrix & Density. Plot
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Jools: Grand T our

— Continuous random sequence of
projections from n dimensions into 2 (or
more) dimensions.




Examples

— Remote Sensing: Vermont/New Hampshire
»Quarry, Water, Clouds

— Remote Sensing: Atlanta
» City, Forest

— Archaeological Data
» Sand Particles




The Vermont/New IHampshire Data

m | andsat Thematic Mapper (TM) data
m 6 Spectral Bands
m Outstanding Water Body is Connecticut River
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I he Atlanta Data

B NOAA-14 Satellite (National Oceanic and Atmospheric Administration)

B AVHRR Sensor (Advanced Very High Resolution Radiometer):
— Band 1. Red
— Band 2: Near Infrared
— Band 3: Mid Infrared
— Band 4: Long Infrared
— Band 5: (Very) Long Infrared

Data from “NASA’s Project Atlanta”
18 Days from Jan 1997 to Dec 1997
Resolution: 1 km x 1 km per Pixel
Main Study Area: 70 km x 46 km




Some Definitions

Normalized Difference V egetation Index:

Band2 - Bandl
Band2 + Bandl

NDVI =

m NDVI ~ 0.8 for Highly Vegetated Surfaces
m NDVI ~ 0.1 for Bare Soll

m Surface Radiant Temperature T,: Band 4
m Surface Moisture Avallability M,



An Example

236 J00 304 a0g a1z 16 320 324 dZ8

Suface Radiant Temperature, 7o

NSO001-TMS derived T,-NDVI scatterplot (gray spectral scaling) at a5 meter spatial resolution for a
7 x 3 km area of the Mahantango Watershed, Pennsylvania. 18 July 1990, 1145 L ST. |sopleths
representing moisture availability index, M, are overlaid with the legend, o = 0.0 (‘warm’ edge), a =
0.2,0=04,D=0.6, N =0.8,and " = 1.0 (cold edge).




TThe Main Study Area
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NDVI vs Surface Tem

MDY vs Surface Temparature
Allanta Ragion, August 22,1987
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MWOWI vs Surdaca Temperature
Allanta Region, Septembar G, 1997
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MOV v Surface Temparature
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Two Months







Clouds int August
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Example: Archaeological Data

Published as:

Wilhelm, A. E. X., Wegman, E. J., Symanzik, J. (1999).
Visual Clustering and Classification: The Oronsay Particle
Size Data Set Revisited, Computational Statistics. Special

|ssue on Interactive Graphicall Data Analysis, Vol. 14, No.
1, 109-146.




Oroensay. Sand Particles

“The mesolithic shell middens on the island
of Oronsay are one of the most important
archeological sitesin Britain. It isof
considerable interest to determine thelir
position with respect to the mesolithic
coastline. If the sand below the midden were
beach sand and the sand from the upper
layers dune sand, thiswould indicate a
seaward shift of the beach-dune interface.”

Flenley and Olbricht, 1993




ODbjective of Study

m Cluster sasmples of modern sand into
“beach-like” or “dune-like” sand.

m Classify archeological sand samples asto

whether they are beach sand or dune sand.




Oroensay - Geography
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Oroensay - Data Problems
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Oronsay - Parametric Analysis

B Historical strategy Isto fit parametric
distributions and compare modern and
archeological sands based on parameters.

m Welbull, 1933; lognormal (breakage
models), log-hyperbolic, |og-skew-L aplace,
1937, Barndorff-Nielsen, 1977.

B Models 2 to 4 parameters, theory devel oped,
practice problematic.




Oroensay. - Visual Approach

m Multidimensiona Parallel Coordinate
Display Combined with Grand Tour.

B BRUSH-TOUR strategy

— Clusters recognized by gaps in any horizontal axis.

— Brush existing clusters with colors.

— Execute grand tour until new clusters appear, brush
again.

— Continue until clusters are exhausted.




Beach & Dune Sand
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Einal Clustering
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Oroensay - Conclusiens (1)

B Sands from the CC site and the CNG site
have considerably different particle size
distributions and cannot be effectively.

aggregated.

m Data at small and at large particle
dimensions Is too quantized to be used
effectively.

m Thevisual based BRUSH-TOUR strategy Is
extremely effective at clustering.




Oroensay. Conclusiens (2)

B Midden sands are naelther modern beach
sands nor modern dune sands.

m Midden sands are more similar to modern
dune sands.

m Thisresult does not support the seaward-
snift-of-the-beach-dune-interface hypothesis,
but suggests the middens were always in the
dunes




L ive Demo




Overall Conclusion

m VVisual approach effective to see unexpected
structure In data.

m Combination of different technigues most
effective.

m Can be used for amost all types.of spatial data.




Euture Woerk (1)

B Enhance new software (e.g., GGobi) to
operate in alinked environment with GIS
software.

m Allow access to data bases.




Euture Work (2)

m Use 3D environment (CAVE, MiniCAVE) for
visualization and ESDA.

Scatter plot

Elevation surface




Contact

B JUrgen Symanzik
— Symanzik@sunfs.math.usu.edu

m \Website
— Wwww.math.usu.edu/~symanzik




