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Outline

• Interactive	and	scalable	geospatial	data	processing

• Interactive	and	scalable	geospatial	data	visualization



Geospatial	data	processing



GeoSpark:	A	cluster	computing	framework
for	processing	large-scale	spatial	data

• Spatial	RDD
• Spatial	Index
• Spatial	Data	Partitioner
• Spatial	Query



Spatial	RDD

• Data	source:	Local	disk,	HDFS,	Amazon	S3…
• Data	format:	CSV	(Comma-Separated	Values),	TSV,	WKT(Well-Known	
Text),	Shapefile,	GeoJSON,	HDF	(NASA	Earth	data),	User	Supplied	
Format…
• Point	RDD,	Polygon	RDD,	LineString RDD,	Hybrid	geometries?	Spatial	
RDD
• Built-in	geometrical	library:	Minimum	Bounding	Rectangle,	Polygon	
Union,	Convex	Hull…



Spatial	Index
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Spatial	Data	Partitioner

• Regular	data	partitioner doesn't	work:	Round-robin,	Hash	partitioning
• Load	balance	+	spatial	proximity

Machine	1

Machine	2

Machine	3
Machine	4



Spatial	Data	Partitioner (cont.)

• GeoSpark Spatial	Partitioning	Technique



Spatial	Queries

Spatial	range	query

Return	Restaurants	WITHIN	Tempe;

Spatial	join	query

Return	restaurants	WITHIN	each	US	city;

Spatial	K	nearest	neighbor	
query

Return	20	nearest	
restaurants;



User	Cases:	Spatial	Data	Mining

KNN:	Spatial	Object	Classification Join:	African	Zebra	and	Lion	Habitats	
Co-location



GeoSpark is	open-sourced



GeoSpark project	is	active	

•GeoSpark contributors
• ASU	PhD	and	Master,	Facebook,	Europe

•GeoSpark is	production-ready

Introducing Pay-Per-Mile Car Insurance

…and	many	startup	companies…



Geospatial	data	visualization



Visualization	is	useful

Road	network	heat	map Tweets	per	county

New	York	taxi	pickup	point	dot	map New	York	taxi	pickup	point	heat	map



Motivation

• Geospatial	visual	analytics:	two	phases
• Do	data	preparation	FIRST:

• Load	/	Parse	data:	HDFS,	S3,	PostgreSQL,	disk	file
• Spatial	Query:	PostgreSQL,	MySQL,	Hadoop,	Spark	(GeoSpark)

• Then	do	data	visualization:
• Google	Map,	MapBox
• ArcGIS,	QGIS
• MapD

• Jump	between	data	preparation	and	visualization
• Painful,	when	geospatial	data	is	big

• Always	first	data	preparation,	then	visualization
• Is	it	possible	to	co-optimize	both	phases,	if	I	know	my	workload	is	
geospatial	visual	analytics?



Babylon:	a	large-scale	geospatial	visual	
analytics	platform

• One	stage	solution
• Data	preparation	+	visualization

• Support	geospatial	visual	analytics	(GeoViz)
• Co-optimize	both	phases	to	produce	an	efficient	execution	plan



Babylon	overview

Visualization	Operators
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GeoViz-aware	Spatial	Partitioner

…
Distributed	In-Memory	Spatial	Datasets



GeoViz-aware	spatial	data	partitioner

• Spatial	data	partitioner doesn’t	work
• Load-balance
• Spatial	proximity
• Map	tile	compatible



SQL	Interface

• Design	your	GeoViz visualization	effect

• Pass	data	to	GeoViz function



Babylon	Optimizer

• Skip	unnecessary	steps	for	visualization	purpose
• Estimate	the	cost	of	each	operator
• Re-organize	operators
• Rule	1:	Merge	repeated	operators	together
• Rule	2:	Reduce	dataset	scale	in	advance
• Rule	3:	Cache	frequently	accessed	datasets



Babylon	Optimizer	(cont.)
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Preliminary	Result

• Traditional	solution
• GeoSpark +	viz extension,	no	optimization
• Babylon:	co-optimize	data	preparation	+	visualization



Thank	you!


