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Fi1GURE 3—Children under 15 years of age in 1940.
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The Era of Big Spatial Data CR

Recent products are there....

Simba
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Spatial Computing K

» A field that innovates a set of technologies and techniques
to combine spatial information with computing technologies
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Spatial Computing K

» A field that innovates a set of technologies and techniques
to combine spatial information with computing technologies
[tentative] = 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
body...etc

What is around me?
restaurants, hotels, gas stations, ATMs...etc

What is in or around certain area(s)? (Spatial Analysis)
Situation after a natural disaster, changes over time, etc
Science, e.qg., vegetation analysis, environment, ecology,...etc
Enterprise, e.qg., agriculture, ride sharing, market research,...etc
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Who use Spatial Computing?

>

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

y» Business

Estimated value by 2020: $600B
(McKinsey Global Institute, 2011 report on Big Data)
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Who use Spatial Computing? 1UCR

»  Hundreds of millions of people (if not billions)

y» Business

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

CArc Google

OGC ESRI Gls i @ ],
Open Geospatial Consortitm, in J

SaTScan

ORACLE! blngmaps

SPATIAL

LUCIDYA || TEIN

Lucid Insights '“ *"—J




Who use Spatial Computing?

»  Hundreds of millions of people (if not billions)
» Business
» The governments
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Who use Spatial Computing? CR

»  Hundreds of millions of people (if not billions)

» Business
» The governments

May 18t 2011

Congressional

'@Resea rch
Service

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

Dept. of Agricuiture

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

» The governments

> The public
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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 CGI)

43



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 CGI)

44



Applications for Emissions and Vehicles /UK

»  Two example applications:

Discovering co-occurrence patterns in non-compliant emissions
time intervals

Energy-efficient vehicle path selection

45



Discovering co-occurrences in non-
compliant emissions time intervals K

» Eco-friendly transportation

Despite stricter regulatory standards, vehicles are emitting at rates higher than their certified
limit [6.7]

> Tests do not accurately reflect the non-compliant real-world vehicle behavior.

Annual fuel COST

I LSl W [ SIMESS

U.S. Fines HHyundai, Kia for Fuel Claims

By JOSEPH B. WHITE ® 43 COMMENTS
Updated Mov. 3, 2014 11:35 a.m. ET

This vehicle

South Korean auto makers Hyundai Motor Co. and Eia Motors Corp. agreed to pay a
distriouting -

combined penalty of 3300 million for overstating fuel-economy claims, the largest such

I Actual results will vary for many reasons, including punishment ever, in a settlement that could create a pricey precedent for other car

vehicle. The average new vehicle gets 22 MPG and c¢ )
based on 15,000 milas per yaar at $3.9U per gallon. companies.
BIMISSIONE | 1= = = ernrmrer cmsns  ommmmme sns o mmme s o o o mms e

W00 million in

vehicles an average of about $353 apiece. In all, Hyundai and Kia's mileage missteps have

b settle a two-

Calculate § | .

cost the company more than $700 million.

@ s-action suit

(Sralvsmmemraimrararasarassssveansateratmwsar

over 1ts mileage clanms for a total of nearly & 101, paying buyers ot affected

vehicles an average of about $353 apiece. In all, Hyundai and Kia's mileage missteps have

cost the company moere than £700 million.

U.S. Fines Hyundai, Kia for Fuel Claims



Discovering co-occurrences in non-

compliant emissions time intervals LR

> Availability of Spatio-Temporal Big data
e.g. GPS traces, engine measurements

USDOT RDT Strategic Plan 2013-18[5! “Utilize data from vehicles on emissions
and fuel consumption to better manage the transportation network to enable
reduction in GHGS”

What real-world “sub-journeys” experience non-compliant
emissions or low fuel efficiency?

Technology Strategic Plan
o/ t=

(km/s?)

= 4f
[P
g2 2
2% 1
Io) . .
< 0 1 2 3_4 5 6 7 8
. Imagery Date:10/11, 201{ 44°56'54.23" N 93°16'13.76" W elev 872ft \‘eye alt 1318 ft Tlme
Non-compliant NO, emissions in red Candidate Co-occurrence patterns

»  Other apps: e.g. Industrial process control, climate change



Problem Overview

» An event: e.g. e;: wheelspeed € [0, 5) km/h, e,: wheelspeed ¢ [5, 10) km/h
variable v falls within range [vi,vi+1).

» A multivariate event trajectory (MET):

Explanatory

Time 0 1 2 3 4 5 6 7
variables vq: Engine Power |  a; ar as a- aj ar as a,
Vvo: Engine RPM b1 b1 D> D3 b1 b1 b, b,
Target
variable { NO, (gm/sec) 021 03 035 028 02 015 01 0.1

a sequence of multi-variate points
Points defined over explanatory variables and a target variable

» An event-sequence S(v): e.g. a,a,;a,
a sequence of temporally contiguous events



Problem Overview

» A non-compliant window (W,):
a temporal window where target variable exceeds a given standard

e.g. Windows of length 3 where average NOx > 0.3

Time 0 1 2 3 . 5 6 7

v4: Engine Power a4 ar aj ar a4 as as ar
Vo: Engine RPM b1 b1 b, bs b1 b1 b, b,

NO, (gm/sec) 021 0.3 035 028 ) 02 015 01 01

Which windows are non-compliant?



Problem Overview K

» A Non-compliance Sub-time-series Co-occurrence Pattern (NSC):
A set of event-sequences within a time lag 6 from a non-compliant window
Defined only on explanatory variables
Sequences are equal in length

e.q.

6 =1 sec

Time 0 1 2 3 4 5 6 7
v4: Engine Power aj ar ds ar a4 ar ds ar
v,: Engine RPM b b, b, bs | b, b, b, b,

NO, (gm/sec) 0.21 0.3 035 028 02 015 0.1 0.1

Candidate NSC Patterns

{azaza5}
{b,b,bs}
{aza3a,, bib,bs}
{a,aza5}
{b,b, by}
{a,a,85, b,b;0,}

o A W N R
N P RN R R




Problem Overview

Interest Measure: Cross-K function

how much the association between pattern C and non-compliant windows W at lag 6
deviates from independence?

& -
: T x |CaWy
Kewy (8) = — 1>/ N

1_.1(_.-"%._ | |C : T Zall METST

|Wy|: number of non-compliant windows
|C|: pattern cardinality
|C x W,|: Join set cardinality between instances of C and W at §

Under independence:
Kewn (6) =6 +1




Energy-efficient Vehicle Path Selectlon CR

» In 2015, more than $1.237 trillion was spent on
energy in the U.S., of which the major user is

transportation.

»  The energy consumption will rise 28% between 2015
and 2040, among which the share of transportation is

about 29%.

Share of total U.S. energy used for
transportation, 2016

Scurce. U.S. Energy Information Administration, Monthly clal
Energy Review. Table 2.1, April 2017. preliminary data

World energy consumption by energy source (1990-2040)

=
illion Briti i cia
quadrillion British thermal units 2015 €
20 history projection petroleum
and other

natural gas
renewables
50

D L] T T T T T T T T T 1
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

nuclear




Problem Overview

» Road network
Segment
Intersection

O
@TO
Q Tg ’



Problem Overview KR

» Path

. O O
» TraJeCtory ................... >

Pa.th [T4, T7, T'lo] rl ‘rz

Energy consumption:
[3,2,4] (KWh)




Problem Overview |UCK

» Trajectory-aware path (P,

[7'5 ’ 7/'7]

[77, T10]

WClT'e) O O

41 &)

> Trajectory-union path (Qn,;%)

[75, 77, T10]

B. Yang, J. Dai, C. Guo, C. S. Jensen, and J. Hu, “PACE: a PAth-CEntric
paradigm for stochastic path finding,” The VLDB Journal, vol. 27, no. 2, pp.
153-178, Apr. 2018.



Problem Overview

» Energy-efficient path:

A path between an origin and a Q O
destination with least expected energy
consumption.

O—




Energy Consumption Estimation

Historical OBD
on a path

=

Scenarios on a path
(AIR, M)

Current trip OBD on
the first few road
segments

Current scenario
&
vV

Energy consumption
for the rest of the
current trip

Assumption: the current trip is short, and the factors affecting it velocity pattern do not change.

energy for air resistance

21

1
W = f (_ CairApv3

Vo

(AIR)

m

-—f (av + c,-gv)dt

n

vehicle parameter

V)

W=AIR+V XM

Onboard diagnostic data (OBD):
355 engine measurement fields

Timestamp

Spatial information (Longitude, Latitude, Altitude)
Vehicle information (e.g., Motor Speed, Battery Current, Energy used)




Challenges in Geospatial Tech K



Challenges: Privacy vs. Utility

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

59



Challenges: Privacy vs. Utility R

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

» EXx: Girls Around me App (3/2012)

wil. Verizon B:53AM @ - 3 B9% D i Verizon T 945AM @ - I 100% =

will Vorizon = 8:28 AM @ 3 72%0 i Verizon T 945 AM @ < 3 100% =0
e ——— .
(] 5 4 l.;.
Yoo P e v.i

Gasans

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: )



http://www.cultofmac.com/157641/this-creepy-app-isnt-just-stalking-women-without-their-knowledge-its-a-wake-up-call-about-facebook-privacy/

Challenges: Security vs. Utility K

Subscribe  Findajob Signin Search v US edition v
contribution TI l
News Opinion  Sport Culture Lifestyle Morev G dl an

World » Europe US Americas Asia Australia Middle East Africa Inequality Cities Global development

GPS Fitness tracking app Strava gives away
location of secret US army bases

Data about exercise routes shared online by soldiers can be used to
pinpoint overseas facilities

Latest: Strava suggests military users ‘opt out’ of heatmap as row
deepens
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Challenges: Security vs. Utility K

Subscribe  Findajob Signin Search v US edition v
contribution I l
News Opinion  Sport Culture Lifestyle Morev G dlan

World » Europe US Americas Asia Australia Middle East Africa Inequality Cities Global development

GPS Fitness tracking app Strava gives away
location of secret US army bases

Data about exercise routes shared online by soldiers can be used to
pinpoint overseas facilities

Latest: Strava suggests military users ‘opt out’ of heatmap as row
deepens

Location-based threats: How
cybercriminals target you based on
where you live

Corporate - Network - Security Tips - SophoslLabs - Cryptowall - Geomalware - Locky - Phishing - Ransomware - Sophos Home - Spam -

TorrentLocker
y Y Y vV =



Challenges: Security vs. Utility

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

63
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Challenges: Security vs

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

» Involved groups:
Civil Society
Economic Entities
Public Safety
Policy Makers

Utility

64
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Challenges: Security vs. Utility K

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

» Involved groups:
Civil Society
Economic Entities XA
Public Safety O‘:ﬁﬂ
Policy Makers P

» Agreements and disagreements
Agreements: E911, emergency alerts
Controversial: traffic monitoring

nlEH‘?ﬂ Wednesday, July 4

Emergency Alert 9:15 PM
Flash Flood Warning this area til 3:00 AM
EDT. Avoid flood areas. Check local media. -
NWS




Spatial beyond GeoSpatial

»  Examples:
Human bodies
VLSI chips and boards
Universe
Indoor and virtual spaces

66
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Spatial beyond GeoSpatial K

»  Examples:
Human bodies
VLSI chips and boards
Universe
Indoor and virtual spaces

> Challenges:
What are the reference system?
On Mars? Outside Milkyway galaxy? In augmented reality spaces?
Is it one for all humans? Or personalized?
Accuracy
3D+ scalability

67



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 CGI)

68



Location Based Services CR

» Services based on your location
Location Sharing: Where am |? (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

. \
> Eco-Routing e f‘:’“‘i ROUTE PREFERENCE
> Best start time iz
> Road-capacity : " e
aware 08 on
| 2 g GRE[_‘E;J;E%USE "Ir_EEL
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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\"_':_;
- t

7’ " ’

et

:_\e;f‘ 14




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 ? sz
Crowd-sourcing, e.g., smartphones, tweets, ...etc




References and Credits K

» References
CACM Article:

CCC Workshop Report:

Spatial Computing Lectures:

> Credits:
Prof. Ahmed Eldawy and Prof. Mohamed Mokbel tutorial

Prof. Shashi Shekhar book slides

Reem Ali paper slides (Discovering Sub-time-series Co-occurrence
Patterns of Non-compliance)

Yan Li paper slides (Physics-guided Energy-efficient Path Selection)


https://cacm.acm.org/magazines/2016/1/195727-spatial-computing/fulltext
https://cra.org/wp-content/uploads/sites/2/2015/05/Spatial_Computing_Report-2013.pdf
https://www.youtube.com/watch?v=ftwWfB7JWaQ&list=PLq_27Uv53bDm3hyXd5QWG-N8L4Vgvcy9J&index=1
http://www.vldb.org/pvldb/vol10/p1992-eldawy.pdf
http://www.spatial.cs.umn.edu/Book/slides/

Thank You

Questions?

Email: amr@cs.ucr.edu
WWW.cs.ucr.edu/~amr/

UCRIVE]



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 CGI)
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Global Positioning Systems
(GPS)

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

> Longitude Prize (1714) - marine chronometer LONGITUDE PRm 4

i . THE MARINE
" /B CHRONOMETER

"‘ Itermr d
|

.............

sathan Betes




Global Positioning Systems

(GPS)

Positioning ships

> Latitude f(compass, star positions) - ancient and
medieval civilizations

> Longitude Prize (1714) - marine chronometer

Global Navigation Satellite Systems

> Infrastructure: satellites, ground stations, receivers, ...

> Use: Positioning (sub-centimeter), Clock synchronization

http://en.wikipedia.org/wiki/Global_Positioni
ng_System

Parallel

THE

Trilateration
‘;“'-l l/‘
‘e AN e %
/B ’
S =L S X
/' f \ o |
»
2 T "‘"'l (\.‘-."-'
Y i o
— S

LONGITUDE PRIZE luna

Meridian

h . . THE MARINE
= ol )/ |\ CHRONOMETER

\l Its History and
o\ Development

Rupert T. Gould

?

Global Navigation
SatelliteSystems:

ey SeReTn

http://answers.oreilly.com/topic/2815-how-devices-gather-

location-information/



PRECISE GEODETIC INFRASTRUCTURE

National Requireme

Positioning Precision
g

imm

0.1 mm

Positioning Precision

Cosan Navgabon Aoplied Geod
/ eoges
Ermevgency Locaton PP y
Spacocralt
MNavigation
Precision Ao ‘.
Autcnomous Mav g oDy
Tsunami Waming  Glackl Flow Precision Geodesy
Surveying Weathar Forecasting ***  Precision Taming
Earthiquake _
Displocements Arbome Levoing Satolite Orbt Detarmananon
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Future & Trends: Localization Indoors,
Underground, & Underwater

GPS works outdoors, but,
We are indoors 90% of time!
Ex. malls, hospitals, airports, ...
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Future & Trends: Localization Indoors,
Underground, & Underwater UCR

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

We are indoors 90% of time!

) ] #1 FIND YOUR GATE #6 RECOMMENDED ACTIVITIES
Ex. malls, hospitals, airports, ...
#2 YOUR CURRENT LOCATION #7 PEOPLE FLOW OPTIMISATION
# 3 FIND [ANY SERVICE] #8 LOCATION BASED NOTIFICATIONS

#4 £STIMATED WALKING TIMES #9 LOCATION BASED OFFERS

#5 QUEUE MANAGEMENT #10 FIND CUSTOMER SERVICE
.,ﬁwalkbase
m iBeacon
Get In-Store
Notifications __ pgemyey
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Future & Trends: Localization Indoors,
Underground, & Underwater JCR

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

We are indoors 90% of time!

) ] #1 FIND YOUR GATE #6 RECOMMENDED ACTIVITIES
Ex. malls, hospitals, airports, ...
#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

LJ
iBeacon

Get In-Store

¥ walkbase

Notifications
‘ R T / & " & & L A
¥ o i i
= m w ol w— L . A
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Future & Trends: Localization Indoors,
Underground, & Underwater R_

.7 B, i
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, ...

GPS: " N IPs

» Leveraging existing indoor infrastructure

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

»  How to model indoors for navigation, tracking, hotspots, ...?7

iBeacon
What are nodes and edges ?
=i Get In-Store
Notifications

— A

| | e
. |_] ROOM 101

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 CGI)
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Location Based Services CR

» Services based on your location
Location Sharing: Where am |? (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

. \
> Eco-Routing e f‘:’“‘i ROUTE PREFERENCE
> Best start time iz
> Road-capacity : " e
aware 08 on
| 2 g GRE[_‘E;J;E%USE "Ir_EEL
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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 ? sz
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 CGI)
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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
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/

A Databhase Manager
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File Manager

)

Data Files

Disk Storage
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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

91
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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

92
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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
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Components of an SDBMS

» Spatial data model

»  Query language

»  Query processing

» File organization and indexes

> Query optimization, etc.

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

..... g n = : ﬂ
. ]
AlB
RN
\ N
* ¥ Y :
D | E F‘ H|I K L '
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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 );
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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

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

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



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

> 98
(0, 0) B (1,0) X-axis



Spatial beyond Databases

» Distributed systems
Hadoop, Spark, Impala, ...etc

99
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Spatial beyond Databases UCR

Simba

Ge@Spark ...

SpatlaL Hadoop

I can play atial data

geomesa
= |
1 Geolrellis ) sorccare —_—



Challenges: Privacy vs. Utility

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

101



Challenges: Privacy vs. Utility R

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

» EXx: Girls Around me App (3/2012)

wil. Verizon B:53AM @ - 3 B9% D i Verizon T 945AM @ - I 100% =

will Vorizon = 8:28 AM @ 3 72%0 i Verizon T 945 AM @ < 3 100% =0
e ——— .
(] 5 4 l.;.
Yoo P e v.i

Gasans

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: )



http://www.cultofmac.com/157641/this-creepy-app-isnt-just-stalking-women-without-their-knowledge-its-a-wake-up-call-about-facebook-privacy/

Challenges: Security vs. Utility K

Subscribe  Findajob Signin Search v US edition v
contribution TI l
News Opinion  Sport Culture Lifestyle Morev G dl an

World » Europe US Americas Asia Australia Middle East Africa Inequality Cities Global development

GPS Fitness tracking app Strava gives away
location of secret US army bases

Data about exercise routes shared online by soldiers can be used to
pinpoint overseas facilities

Latest: Strava suggests military users ‘opt out’ of heatmap as row
deepens
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Challenges: Security vs. Utility K

Subscribe  Findajob Signin Search v US edition v
contribution I l
News Opinion  Sport Culture Lifestyle Morev G dlan

World » Europe US Americas Asia Australia Middle East Africa Inequality Cities Global development

GPS Fitness tracking app Strava gives away
location of secret US army bases

Data about exercise routes shared online by soldiers can be used to
pinpoint overseas facilities

Latest: Strava suggests military users ‘opt out’ of heatmap as row
deepens

Location-based threats: How
cybercriminals target you based on
where you live

Corporate - Network - Security Tips - SophoslLabs - Cryptowall - Geomalware - Locky - Phishing - Ransomware - Sophos Home - Spam -

TorrentLocker
y Y Y vV =



Challenges: Security vs. Utility

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

105
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Challenges: Security vs

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

» Involved groups:
Civil Society
Economic Entities
Public Safety
Policy Makers

Utility

106
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Challenges: Security vs. Utility K

» Important questions:
Who gets my data?
Who do they give it to?
What promises do | get?

» Involved groups:
Civil Society
Economic Entities XA
Public Safety O‘:ﬁﬂ
Policy Makers P

» Agreements and disagreements
Agreements: E911, emergency alerts
Controversial: traffic monitoring

nlEH‘?ﬂ Wednesday, July 4

Emergency Alert 9:15 PM
Flash Flood Warning this area til 3:00 AM
EDT. Avoid flood areas. Check local media. -
NWS




Spatial beyond GeoSpatial

»  Examples:
Human bodies
VLSI
Universe

108
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Spatial beyond GeoSpatial K

»  Examples:
Human bodies
VLSI chips and boards
Universe
Indoor and virtual spaces

> Challenges:
What are the reference system?
On Mars? Outside Milkyway galaxy? In augmented reality spaces?
Is it one for all humans? Or personalized?
Accuracy
3D+ scalability
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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 CGI)
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Geographic Information Systems (GIS) ! CR

» Software packages for working with maps and
geographic information.
Creating and using maps
Compiling geographic data
Analyzing mapped info O——
Sharing and discovering S .
geographic information




Geographic Information Systems (GIS) ! CR

» Software packages for working with maps and
geographic information.
Creating and using maps
Compiling geographic data
Analyzing mapped info O——
Sharing and discovering S .
geographic information




How different GIS from SDBMS? K



How different GIS from SDBMS? K

» GIS uses SDBMS to store, search, and query spatial data
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How different GIS from SDBMS? K

» GIS uses SDBMS to store, search, and query spatial data

» GIS Is a software application, SDBMS is a data
management system

115



How different GIS from SDBMS? K

» GIS uses SDBMS to store, search, and query spatial data

» GIS Is a software application, SDBMS is a data
management system

» GIS used to visualize and analyze spatial data
Rich high-level analysis

»  SDBMS used to store, index, and query spatial data
efficiently

Efficient and scalable fundamental querying and data management
operations
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How different GIS from SDBMS? K

» GIS uses SDBMS to store, search, and query spatial data

» GIS Is a software application, SDBMS is a data
management system

» GIS used to visualize and analyze spatial data
Rich high-level analysis

»  SDBMS used to store, index, and query spatial data
efficiently

Efficient and scalable fundamental querying and data management
operations

» SDBMS can be used by applications other than GIS
Astronomy, location-based services, brain informatics, etc
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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 CGl)
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N.Y. / REGION Ml 34 COMMENTS

Hotel That Enlivened the Bronx Is Now a ‘Hot Spot’ for Legionnaires’

By WINNIE HU and NOAH REMNICK  AUG. 10, 2015

Contaminated Cooling Towers

Five buildings have been identified as the
potential source of the Legionnaires’ disease
outbreak in the South Bronx.

M Possible sources of Legionnaires’ outbreak
B Additional sites found with legionella bacteria
» Locations of people with Legionnaires'

o : °
Verizon s ©
2 o
office building ® % o
Hariem - . y A4 <
River . 90 >
¢ o - g
d e ®¢  BRONX .
Concourse <
Plaza e e

Lincoln ™ , oa ™
Medical —# .

s
Center o B ouse Hotel
1= e ® >
Streamline k e
Plastics _ -
Company
c\"l
©
East
2,000 Feet

River



N.Y. / REGION

Il 34 COMMENTS

Hotel That Enlivened the Bronx Is Now a ‘Hot Spot’ for Legionnaires’

By WINNIE HU and NOAH REMNICK  AUG. 10, 2015

Contaminated Cooling Towers

Five buildings have been identified as the
potential source of the Legionnaires' disease
outbreak in the South Bronx.

B Possible sources of Legionnaires’ outbreak
B Additional sites found with legionella bacteria
' Locations of people with Legionnaires'
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Spatial Statistics UCR

assumptions do not always hold

» Spatial Statistics

Hot spot detection

Spatial auto-correlation
Spatial-constrained clusters
Spatial uncertainty, confidence, etc

v Y Y v

SaTScan”

’ Software for the spatial, temporal, ond space-time scan statistics
124




Detecting Spatial Patterns

Classics in
Environmental
Criminology

> Arson crimes in San Diego in 2013
Total 33 cases (red dots on the map)
Activity Area is appr. 3000 sg. miles.
> Arsonist caught in top green ring?

Input SaTScan output Significant Ring Detection
Count (c)=4
o . LRg = 23.02
), e ; p-value = 0.04
Count(c) =4
LR = 10.61
p-value =0.18
S e - 38 i .. ¢ " 9 Count (c)= 14 o & o
A ' LR =28.18 .
el 6 p-value = 0.01 ‘. Count (c) = 15
& : oy LRy = 27.74
: ‘ — ~ | p-value=0.01
.O_.Janes ) o 2 Pniles — fhiles -

Green: Rings with LR >10 & p-value < 0.20

(1) http://www.sandiego.gov/police/services/statistics/index.shtml
2
(3) Ring-Shaped Hot-Spot Detection: A Summary of Results, IEEE Intl. Conf. on Data Mining, 2014. 1


http://www.nbcsandiego.com/news/local/Suspected-Arson-Grass-Fires-Oceanside-Mesa-Drive-Foussat-Road-218226321.html

Location Prediction: nesting sites Spatial outliers: sensor (#9) on 1-35
Nest locations Distance to open water o ——— Average Traffic Volume(Time v.s. Station)
] ,Z::; e | . ~ Rk 4.00 PM 21
} ‘ " EZU
' . g
{ /i _— §30
o 1 gw
s [
,_ ST Ee
ft =. &0
b [rmey - 2 46 8 10121416182022 24
| . - - Time
Co-location Patterns Spatial Concept Aware Summarization
& CO MOINom FaTierws -‘,T...‘,. Lane ~ LRR - 23.02
i "t V‘f et 3‘*’ *‘q : : . p-value = 0.04
'3 & LRg = 10.61
ey p-value =0.18
R A
2 ¥ *
. « a* -
o B TN
g ! o~ g 7 LR, = 27.74
AT TR i p-value = 0.01




Major technologies and areas o
(past, present, & future) UCR
» 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 CGI)
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Virtual Globes and VGI (or CGI)

» LBS accessibility
> Visualization

> Volunteering
(or Crowdsourcing) geo
Information

» Education
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Virtual Globes and VGI (or CGI)

» LBS accessibility
> Visualization

> Volunteering
(or Crowdsourcing) geo
Information

» Education

Dubai Coastal Expansion, 1984-2012
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Virtual Globes in GIS Education UCR

« Coursera MOOC: From GPS and Google Earth to Spatial Computing
e 21,844 students from 182 countries (Fall 2014)
« 8 modules, 60 short videos, in-video quizzes, interactive examinations, ...
« 3 Tracks: curious, concepts, technical

13 GPS and Google Maps tial Computing

oy your I
Map View Additions BulkEdits Deletions Prator Share Go O
-~
< >
v ¥

ST @




Map Orientation and Projections

»  Mapping a 3D globe on a flat 2D plane

131
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https://www.youtube.com/watch?v=kIID5FDi2JQ

Map Orientation and Projections UCR

»  Mapping a 3D globe on a flat 2D plane
» https://www.youtube.com/watch?v=klID5FDi2J0O
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https://www.youtube.com/watch?v=kIID5FDi2JQ

Map Orientation and Projections
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Map Orientation and Projections
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North Korea’s missiles

At least 1,000 of various types, according to
South Korea's defense ministry

Key arsena |

Taepodong-2 First successiul launch December 12, 2012
(Unha-3 rocket based on same system)

1|uin Bl sy 6,700 km

Taepodong-1 Tested 1998 (failed)
DE T 2,500km

UCK
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I\/Iap Orlentatlon and Projections

UCR

North Korea’s missiles

Original
At least 1,000 of various types, according to E
s«mm&mmwy




