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Spatial Computing Examples

Smarter
Planet



The Changing World of Spatial Computing 

Last Century Last Decade

Map User Well-trained few Billions 

Mappers Well-trained few Billions

Software,
Hardware

Few layers, e.g.,
Applications: Arc/GIS,
Databases: SQL3/OGIS

Almost all layers

User 
Expectations 
& Risks

Modest Many use-case & 
Geo-privacy concerns



Spatial Computing is a Critical Infrastructure Today!

• 2 billion GPS receivers in use, will hit 7 billion by 2022.
• Besides location, it reference time for critical infrastructure

• Telecommunications industry
• Banks
• Airlines...

• GPS is the single point of failure for the entire modern economy.

• 50,000 incidents of deliberate (GPS) jamming last two years
• Against Ubers, Waymo’s self-driving cars, delivery drones from Amazon

Source:  https://www.bloomberg.com/news/features/2018-07-25/the-world-economy-runs-on-gps-it-needs-a-backup-plan



Source: WorldView FAQ, blog.digitalglobe.com/news/frequently-
asked-questions-about-worldview-4/

Large Constellations of Small Satellites
• Hi-frequency (e.g., daily or hourly) time-series of imagery of entire earth

– Monitor illegal fishing, forest fires, crops  (2017 DARPA Geospatial Cloud Analytics)
• Small Satellites: video (5-minutes): https://geospatialstream.com/sciencecasts-nasa-embraces-small-satellites/

• Large Constellations 
– 2017: Planet Labs: 100 satellites: daily scan of Earth at 1m resolution in visible band



Global Agriculture Monitoring
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One Size Data Science Does not Fit All Data!



Spatial Partitioning: Gerrymandering
• Space partitioning affects statistical results!

– Gerrymandering Elections, Correlations
– Modifiable Areal Unit Problem (MAUP) Dilemma

Gini-Index 0.47 0.47 0 0.36

Election Results 0 - 5 2 - 3 3 - 2 Partition Based 
Pearson’s Correlation

- -0.90
- 1

Partition

US Electoral District with Irregular 
shapes(Source: Washington Post)
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Limitation of Traditional Clustering

• Challenge: One size does not fit all
– Prediction error vs. model bias, Cost of false positives, …

• Example. Clustering: Find groups of points

Traditional Clustering 
(K-means always finds clusters)

Spatial Clustering begs to differ!
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Spatial Data Science Tools



Spatial Interaction Revisited

• Challenge: One size does not fit all

• Ex. Interaction patterns

Pearson’s Correlation Ripley’s cross-K Participation Index

-0.90 0.33 0.5

1 0.5 1

(b) Spatial Partitions (c) Neighbor graph(a) a map of 3 features



Sensor Big Data Analysis: Spatial Methods

• Spatial Statistics, Spatial Data Mining
– Quantify uncertainty, confidence, …
– Is it (statistically) significant? 
– Is it different from a chance event or rest of dataset?

• e.g.,  SaTScan finds circular hot-spots

• Auto-correlation, Heterogeneity, Edge-effect, …
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Spatial Big Data Platforms

Genre Examples

Relational DBMS,
Spatial Library

Oracle, IBM DB2, PostgreSQL, Microsoft SQL Server
OGC Simple Features, …

Parallel DBMS Teradata, Vertica, Greenplum, DataAllegro, ParAccel

Big Data Platforms Hadoop, MapReduce, Spark, Hbase, Hive, …

Spatial Big Data Platforms ESRI GIS Tools for Hadoop, GeoWave,
SpatialSpark, GeoSpark, 
Simba, Hadoop-GIS, 
SpatialHadoop, ST-Hadoop
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Google 
Earth
Engines

NEX AWS 
Earth

Elevation, Landsat, LOCA, MODIS, NAIP x x x
NOAA x x

AVHRR, FIA, GIMMM, GlobCover, NARR, TRIMM, Sentinel-1 x x

IARPA, GDELT, MOGREPS, OpenStreetMap, Sentinel-2, 
SpaceNet (building/road labels for ML)

x

CHIRPS, GeoScience Australia, GSMap, NASS, Oxford Map, 
PSDI, WHRC, WorldClim, WorldPop, WWF,

x

BCCA, FLUXNET x

Cheap (or free) satellite data on cloud computers

• 2008: USGS gave away 35-year LandSat satellite imagery archive
– Analog of public availability of GPS signal in late 1980s

• 2017: Many cloud-based Virtual collaboration environment 
• Explosion in machine learning on satelliite imagery to map crops, water, buildings, roads, …

.



Spatial Big Data Curation

• Meta-data, Schema, DBMS (SQL, Hadoop)
• Challenge: One size does not fit all!

• Ex. Spatial Querying 
– Geo-tag. Checkin, Geo-fence

• Spatial Querying Software
• OGC Spatial Data Type & Operations
• Data-structures: B-tree => R-tree
• Algorithms: Sorting => Geometric
• Partitioning: random => proximity aware
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Summary : One size data science does not fit all

• Spatial Data are ubiquitous & important 

• Current Data Science Tools are inadequate 
– Gerrymandering, Spatial Auto-correlation, …

• Ask: BD Hubs & cloud vendors should provide
–Spatial Data Science Methods
–Spatial Statistics, Spatial Data Mining, SDBMS, …


