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Introduction to
Spatial Computing

Amr Magdy
Computer Science and Engineering
www.cs.ucr.edu/~amr/
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Fi1GURE 3—Children under 15 years of age in 1940.
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The Era of Big Spatial Data K
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What is Spatial Computing? K

» A field that innovates a set of technologies and techniques
to combine spatial information with computing technologies
[tentative] A emerging definition and field
Technologies could be software, hardware, or both

» Major questions of interest:
Where am 1?

On Earth, in a mall, in a campus, in a plaza, inside a human
b odweté

What is around me?
restaurants, hotel ®tc gas st at.i
What is in or around certain area(s)? (Spatial Analysis)
Situation after a natural disaster, changes over time, etc
Science, e.g., vegetation &toal
Enterprise, e.g., agricul t uetce,
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Who use Spatial Computing?
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Hundreds of millions of people (if not billions)

35

R



Who use Spatial Computing?
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»  Hundreds of millions of people (if not billions)

» Business

Estimated value by 2020: $600B
(McKinsey Global Institute, 2011 report on Big Data)

CArc Google
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Open Geospatial Consortitm, In J
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»  Hundreds of millions of people (if not billions)
» Business
» The governments
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Who use Spatial Computing? K

»  Hundreds of millions of people (if not billions)

» Business
» The governments

May 18t 2011

Congressional
Research
Service

Table |. Members of the Federal Geographic Data Committee (FGDC)

Dept. of Agriculture

Dept. of Commerce

Dept. of Defense

Dept. of Energy

Dept. of Health and Human Services
Dept. of Housing and Urban Development
Dept. of the Interior (Chair)
Dept. of Justice

Dept. of State

Dept. of Transportation

Environmental Protection Agency

Federal Emergency Management Agency

General Services Administration
Library of Congress

National Aeronautics and Space Administration

National Archives and Records Administration

National Science Foundation

Tennessee Valley Authority

Office of Management and Budget (Co-Chair)

Folger, Peter. Geospatial Information and Geographic Information Systems (GIS): Current Issues and Future

Challenges. Congressional Research Service. June 8™, 2009.

39



Who use Spatial Computing?

»  Hundreds of millions of people (if not billions)
» Business

» The governments

> The public

40



Who use Spatial Computing? K
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Major technologies and areas
(past, present, & future)

» GPS

» Location Based Services

» Spatial Data Management Systems
» Geographic Information Systems

» Spatial Predictive Analysis (Spatial Statistics, or Spatial
Data Mining)

» Virtual Globes and VGI (or CGlI)
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Global Positioning Systems .. e
(GPS) ‘

Positioning ships
> Latitude f(compass, star positions) A ancient and
medieval civilizations

THE : _‘

> Longitude Prize (1714) A marine chronometer LONGITUDE PRIZE [t 1o St H IR
o VA IR any Its History and

| { o\ Development

Rupert T. Gould

Global Navigation Satellite Systems
> I nfrastructure: satellites
> Use: Positioning (sub-centimeter), Clock synchronization

Trilateration
F 4 | /‘ \ >
/ A { \
/ -~ — I A ! B i 4 G
e ~_ Global Navigation
o N A SatellitelSystems
)2 ‘D N—e Rl eBystems:
/ "_I S i .// e : S . . )‘!‘_"Q{ i RIS
/_.' “' )\ Sy . -'| : \.‘M }:\‘ v Ao 4
y | W,
| ~ B\ Wes A
) " = — X
b TR A b Ay SR
‘/
http://en.wikipedia.org/wiki/Global_Positioni g ) ) )
—_— _ http://answers.oreilly.com/topic/2815-how-devices-gather-

ng_System location-information/
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GPS works outdoors, but,
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Future & Trends: Localization Indoors,
Underground, & Underwater R

> GPS works outdoors, but, TOP 10 LOCATION BASED SERVICES AT AIRPORTS

We are indoors 90% of time!

. #1 FIND YOUR GATE #6 RECOMMENDED ACTIVITIES
Exmal | s, hospital s,
#2 YOUR CURRENT LOCATION #7 PEOPLE FLOW OPTIMISATION
# 3 FIND [ANY SERVICE] #8 LOCATION BASED NOTIFICATIONS
#4 ESTIMATEDWALKING TIMES ~ #9 LOCATION BASED OFFERS
#5 QUEUE MANAGEMENT #10 FIND CUSTOMER SERVICE
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Future & Trends: Localization Indoors,
Underground, & Underwater R

> GPS works outdoors, but, TOP 10 LOCATION BASED SERVICES AT AIRPORTS

We are indoors 90% of time!

. #1 FIND YOUR GATE #6 RECOMMENDED ACTIVITIES
Exmal | s, hospital s,
# 2 YOUR CURRENT LOCATION #7 PEOPLE FLOW OPTIMISATION
# 3 FIND [ANY SERVICE] #8 LOCATION BASED NOTIFICATIONS

» Leveraging existing indoor infrastructure
Blue Tooth, Wi-Fi , &

#4 £STIMATED WALKING TIMES #9 LOCATION BASED OFFERS

#5 QUEUE MANAGEMENT #10 FIND CUSTOMER SERVICE

L
iBeacon

Get In-Store

¥ walkbase

Notifications
<
‘ i b // \\% .- e -
= m e [ 1! [I v — % i !
e ) N\ m L :

PATH ANALYSIS IN-STORE SALES FUNNEL
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Future & Trends: Localization Indoors,
Underground, & Underwater R

http://www.mobilefringe.com/products/square-one-shopping-center-app-for-iphone-and-android/

»  GPS works outdoors, but,

We are indoors 90% of time!
Ex. malls, hospitals, airports, etc.
Indoor asset tracking, exposure hotposts, é

GPS: " N IPs

» Leveraging existing indoor infrastructure

Blue Tooth, WiFi, Cell-towers, cameras, Other people?

» How to model i ndoor s for n e 2
What are nodes and edges ?
=i Get In-Store
Notifications

— T . WiFi
|_| ROOM 101 : - ‘:

E 4 ‘ ‘&)
o , D

First Floor

EXIT #2

http://rfid.net/basics/rtls/123-wi-fi-how-it-works



Major technologies and areas
(past, present, & future)

» GPS

» Location Based Services

» Spatial Data Management Systems
» Geographic Information Systems

» Spatial Predictive Analysis (Spatial Statistics, or Spatial
Data Mining)

» Virtual Globes and VGI (or CGlI)
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Location Based Services K

» Services based on your location
Location Sharing: Where am 1? (street address, <latitude, longitude>)

Directory: Where is the nearest gas station?
Routes: What is the shortest path to reach there?

Location Based
services

Maps & Tracking Information o
Navigation services services [ Application J
o Maps * Friends & » Yellow Pages * Social
» Routing Family Finder (Local Search) Networking
e Assisted » Traffic o City Guides o Context

Navigation » Vehicle o User Advertising

Tracking Generated
Content (UGC)

Copyright Telecom Circle



Trends: Next Generation Navigation

e f"‘“‘“"i ROUTE PREFERENCE

>

>

>

Eco-Routing
Best start time

Road-capacity
aware

Minimize:

TRAVEL TIME

DISTANCE

FUEL

GREENHOUSE
GASES

LEFT
TURN
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Trends: Persistent Geo-Hazard
Monitoring

> Environmental influences on our health & safety &
air we breathe, water we drink, food we eat ‘f\"_':_;
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Trends: Persistent Geo-Hazard
Monitoring

> Environmental influences on our health & safety
air we breathe, water we drink, food we eat

»  Surveillance
Passive > Active > Persistent
How to economically cover all locations all the time ?  sgzar-
Crowd-sourcing, e.g., smartphones, tweets, ...etc




Major technologies and areas
(past, present, & future)

» GPS

» Location Based Services

» Spatial Data Management Systems
» Geographic Information Systems

» Spatial Predictive Analysis (Spatial Statistics, or Spatial
Data Mining)

» Virtual Globes and VGI (or CGlI)
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Database Management Systems

(DBMSs)

Naive Users

Applicaton Programmers

Sophisticated Users

DBA(Database

Administrator

1

Compiled Application
Interface

Application Program

Query

Database Scheme

Application Program
Object Code

|
%

DML Complier

Query Processor

\I/

DDL Compiler

v

v

7 R
7\

/

A Databhase Manager
=il

T

"4

File Manager

)

Data Files

Disk Storage

\

Data Dictiona

ry

o
e,
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Spatial Database Management
Systems (SDBMS) K

» An SDBMS is a software module that:

Can work with an underlying database management system
(DBMS)

Supports spatial data models, spatial abstract data types (ADTS)
and a query language from which these ADTs are callable
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Spatial Database Management
Systems (SDBMS)

» An SDBMS is a software module that:

Can work with an underlying database management system
(DBMS)

Supports spatial data models, spatial abstract data types (ADTS)
and a query language from which these ADTs are callable

Supports spatial indexing, efficient algorithms for processing
spatial operations, and domain specific rules for query
optimization

59
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SDBMS: Spatial Data Examples

»  Examples of non-spatial data
Names, phone numbers, email addresses of people

»  Examples of spatial data
Census Data
NASA satellites imagery - terabytes of data per day
Weather and climate data
Rivers, farms, ecological impact
Medical imaging

60
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SDBMS: Non-Spatial vs. Spatial
Queries K

> Non-spatial queries
List the names of all bookstore with more than ten thousand titles

List the names of ten customers, in terms of sales, in the year
2001

» Spatial Queries
List the names of all bookstores with ten miles of Minneapolis
List all customers who live in Tennessee and its adjoining states

61



Components of an SDBMS

» Spatial data model

»  Query language

»  Query processing

» File organization and indexes

> Query optimization, etc.

R

Geometry
Point Curve Surface GeomCollection
&
LineString Polygon MultiSurface MultiCurv MultiPoint
&
MultiPolygon MultiLineString

..... g n = : ﬂ
. ]
AlB|C
RN
\ N
¥ ! P
D | E F‘ H|I K L '

62




SDBMS Example K

» Consider a spatial dataset with:
County boundary (dashed white line)

Census block - name, area, population,
boundary (dark line)

Water bodies (dark polygons)
Satellite Imagery (gray scale pixels)
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SDBMS Example

» Consider a spatial dataset with:
County boundary (dashed white line)

Census block - name, area, population,
boundary (dark line)

Water bodies (dark polygons)
Satellite Imagery (gray scale pixels)

» Storage in a SDBMS table:
create table census_blocks (
name string,

area float,
population number,
boundary polygon );

64



SDBMS Example

» A row in the table census_blocks
» Boundary has a spatial data type that can be

y-axis

manipulated by the query language, query processor,

Indexes, etc

D

(1,1)

1050

Census_blocks

Name

Area

Population

Boundary

1050

1

1839

Polyline (0,0), (0,1), (1,1), 1,0)

B

(1,0

X-axis

| o

65
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SDBMS Example

» A row in the table census_blocks

» Boundary has a spatial data type that can be
manipulated by the query language, query processor,
Indexes, etc

» Query: Select * FROM census_blocks C, factory F
WHERE Overlap(C.boundary, F. boundary)

A

K0
3
>
1101 D @1 4 Census_blocks
Name | Area | Population Boundary
A 1050 1050 1 1839 Polyline ((0,0), (0,1), (1,1), (1,0))
2 3 > 66

(0, 0) B (1,0) X-axis



Spatial beyond Databases

» Distributed systems
Hadoop, Sparc | mpal a,

é

67
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Spatial beyond Databases UCR

S'mbam Ge@Spark £

rasdanian
' raster data manager
Spatllal Hadoop Spatial Big Data Solutions

geomesa
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Challenges: Privacy vs. Utility

»  Check-in risks: Stalking, GeoSlavery, Others know that
you are not home, etc
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Challenges: Privacy vs. Utility

»  Check-in risks: Stalking, GeoSlavery, Others know that
you are not home, etc

» EXx: Girls Around me App (3/2012)

The Girls of Girls Around Me. It's doubtful any
of these girls even know they are being

tracked. Their names and locations have been obscured
for privacy reasons. (Source: )
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