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Positioning

Spatial Computing — University of Minnesota

Learning Objectives

1. Know how your smartphone can figure
out where yourare (Hint: It’s not just
GPS!)

Never use-the t€rn)“GPS” incorrectly ever again!

2. Be famijliar with an important frontier in
positioning: content-based positioning
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<X,Z,Z(X)>

the Jgeo-atom”



<X,Z,Z(X)>
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User position is a
particularly_important

Shekhar
type of X.

¢ Minneapolis, MN

¢’ coursera.org/course/spatial...
py S a/ /sp



X IS a vector, not a single value!

<X,ZL.Z(X)>

(44.97428, -93.232502, 264m, 10:33am)
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Attributions

"Cell tower in jovel chiapas" by Leogeograph - Own work. Licensedunder Creative Commons Attribution-Share Alike 3.0
via Wikimedia Commons - https://commons.wikimedia.or@/wiki/File:Cell=tewer_in_jovel_chiapas.JPG#mediaviewer/
File:Cell_tower_in_¢4oVel_chiapastiJPG

[“Wifi"\] By RRZEicons (Own work) [CC-BY-SA-3.0 (http./lcreativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons


https://commons.wikimedia.org/wiki/File:Cell_tower_in_jovel_chiapas.JPG#mediaviewer/File:Cell_tower_in_jovel_chiapas.JPG
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Slgnal based
Positioning



Stgnhal-based positioning is how your
smartphone knows where you are!



Signal-based positioning Is respo&ﬁbcfe for....
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Signal-based positioning Is respo&@gfe for....

6®
.. eotrectly geotagging Instagram photos, tweets,
and other social media VGl.



Signal-based positioning Is respog@cl)e for....

6®
y héﬁmg determine what's nearby in location-basead
services like Yelp, Foursquare, and so on.



Signal-based positioning is respo&@})(fe for.

8 00 /| http://www.we...ge.aspx?id=12 ¥ k+ e
B 2 = =
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( (- ) www.werc.usgs.gov/ResearchTopicPage.aspx?id=12 & | (B~ animal tracking Q
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= USGS et -5 5w i

science for a changing world -, ga0e Graussﬂabnar Monitoring (Vug/ma Modntsins, Neyada)

USGS Western Ecological Research Center

Home Who We Are Where We Are What We Do Products Search Qutreach Jobs
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atellite ing Migratory Birds

Mlgr tion is'the regular seasonal movement of ani
bree to nonbreeding sites, and is common am
en breeding and nonbreeding areas is |
for examining these links, including adva

e

ular genetic markers, offer more insight intc

Radio transmitters for migratory birds have progre¢
(VHF) packages in the 1960s, to platform transmif
positioning system (GPS) transmitters in 2000s. V
availability for use on a greater number of species
application of transmitters in studies of migratory
North America with several groups including Duck

® Q gps | Highlig Match Case

Q)

. pINg scientists understand how species
CO migrate.
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Signal-based positioning Is respo&@)cfe for....

...aéig@wg farmers to implement optimal strategies
for their crops.



Key Types of Signal-based Positioning

IN your smartphone and in general

A 1. Satéllite-based
POsitioning
22'Wifl Positioning

3. Cellular
Positioning

Positioning



Global Navigation

Satellite System
(GNSS)



First GNSS
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O
Scientists in America  The U.S vgvhed able
figure out how to track  to be@tar
Sputnik using its radio (@&mg

transmissions %Q
S @

GPS ig;@ U.S. government technology born

%’\\€> out of the Cold War

KAL 007 shot down
after drifting into

Ations) Soviet space




GPS BFFs

PSds a U.S. government technology born
out of the Cold War



How does GPS work?

o 24 satellite (+ some
extras)

e each is on fixed, 12-
hour orbit

¢ transmit radio
signals at fixed
Intervals

e devices use
trilateration




The more satellites, the better (3 = minimum)




GPS is failing you
rightsow!



GPS limitations

1. Does not work wellkindoors
(that’s changing a-bit)

2. Accuracy.ean be limited

3. Time-torfirst-tix stinks

4. Multipath issues (urban
canyon-effect)



Hard for a smartphone to see satellites down there!
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GPS limitations

1. Does not work wellkindoors
(that’s changing a-bit)

2. Accuracy.ean be limited

3. Time-torfirst-tix stinks

4. Multipath issues (urban
canyon-effect)

5.>Prain on power



GPS BFFs?



) O 0 /W List of smartphones using...

m

slalisdbid adiori i Bk Sl badibi ol e i mvne sl b A ak

sl

Q-/ @ https://en Wlklpedla org/wnkn/Llst of_smartphones_using_GLONASS_Navigation

WIKIPEDIA
The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikimedia Shop

Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact page

Tools
What links here
Related changes
Upload file
Special pages
Permanent link
Page information
Wikidata item

https://en.

Article Talk

List of smartphones using GLO

Ef]' Google “

{?E z »v‘v|

Create account & Log in

Search

Read Edit history

Q

avigation

From Wikipedia, the free encyclopedia

This article includes a list of re @bm S
' ?\ has insufficient inline ci lease h

precise citations. (Ocrobe@

This is a list of smartphones that support GL

, the

\remaln unclear because it

rove this article by introducing more

SS.

Contents m\

1 Acer
2 Alcatel

3 Apple
4 Asus

5 BlackBerry

6 HTC &
7 Huawei &O
BLG @

rola

okia
12 OnePlus

o)

\

|Ded|a OI’CI/WIkI/LIS’[ of smartphones_using_ GLONASS_Navigation

Pl‘l‘lTlchp\.n T
Create a book
Download as PDF

TSIy =TT

15 Starmobile
16 Sonv
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"Cell tower in jovel chiapas" by Leogeograph - Own work. Licensedunder Creative Commons Attribution-Share Alike 3.0
via Wikimedia Commons - https://commons.wikimedia.or@/wiki/File:Cell=tewer_in_jovel_chiapas.JPG#mediaviewer/
File:Cell_tower_in_¢4oVel_chiapastiJPG

“new holland tractor” by DamDavison / CEBY 2.0 (https://flic.kr/p/8gXrXN)

"Boeing 747-2B5B, Korean Air LinesfANO600191" byuMichel Gilliand - Gallery page http://www.airliners.net/
photo/Korean-Air-Lines/Boeing-#4y ~2B5B/0600 191/LPhoto http://cdn-www.airliners.net/aviation-photos/
photos/1/9/1/0600191.jpg. Licensed/under GNU Free Documentation License 1.2 via Wikimedia Commons
- https://[ecommons.wikimedia.org/wiki/

File:Boeimg_747-2B5B, Kerean_Air_Lines_AN0600191.jpg#mediaviewer/
kile:Boeing W 47-2B5B,_Korean_Air_Lines_ANO0600191.jpg

[“Wifi"\] By RRZEicons (Qwn work) [CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons


https://commons.wikimedia.org/wiki/File:Cell_tower_in_jovel_chiapas.JPG#mediaviewer/File:Cell_tower_in_jovel_chiapas.JPG
https://flic.kr/p/8qXrXN
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GPS limitations

1. Does not work wellkindoors
(that’s changing a-bit)

2. Accuracy.ean be limited

3. Time-torfirst-tix stinks

4. Multipath issues (urban
canyon-effect)

5.>Prain on power
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Wifi positioning
to the rescue!
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Unigue MAC Unigue MAC Unigue MAC
Address Address Address
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San Francisco, CA
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Approx. Lat / Lon



How does wifi positioning-work?

HASE 1
ation phase

-
{;/ PHASE 2:

ps1tioning phase
Fingerprinting!
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Wifi Fingerprint

Collecting these is goal of Calibration stage

(MAC addresses, signal
strengths,docation of
fingerprint collector)
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Calibration Phase
aka collecting fingerprints

War Driving
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@}'i @ www.theguardian.com/technology/2013/jun/21/google-street-view-payloa: & v C l (B}~ Google w8 £ 2|~ ‘

Editon:. UK US AU Signin
X
Sign into the Guardian using your Facebook account

520 OFF = v |

on weekly rentals

theguardian |Google™ Gustom search =

News US World Sports Comment Culture Business

,
Google told to delete Street Vi
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"“ Share 0
Josh Halliday @ Email
theguardian.com, Friday 21 June 2013 07.4
] Jump to comments (380) =] 2
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Technology
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Google
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Sounds good to
me! O
\\

\ The New Street View

Car Driver



“[Positioning calculations] are performed
live on the iPhone using a crewd-sourced
database of Wi-Fi hotspot;and cell tower
data that is generated by tens-of millions
of 1iPhones sending:the)'geo-tagged
locations of nearby yWi-F¥ hotspots and
cell towers ingan - anonymous and
encrypted formzo Apple.”

(Apple, Inc. 2011)

A



http://www.apple.com/pr/library/2011/04/27Apple-Q-A-on-Location-Data.html

® 00 : : %
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TIVO+ NETFLIX. m

Get cable TV + streaming content together.

3G Apple i0S Devices Aré& Storing-Users’ Location Data News Me, Social News
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By NICK BILTON APRIL 20, 2011 3:04 PM W %06 Bommenis iPad

%Y vp’x e 4
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C\O In 2004, Loving Google but Not

. NYTIMES.COM | Before Google's ILP.C

everyone in Silicon Valley was bett
e Ashwin Seshagiri

v

In the Sharing Economy, a Rift (
Classification

Are platforms like U
marketplaces for contractor service
Natasha Singer

rath.

adclick.g.doubleclick.net/aclk?sa=L&ai= BNTRIImHzUGyGCoShngXg4HQCwAAAAAQASAAOA .CLVFn5QHAQtc96AFKkmALDOQOoAgWoAQgY;redirecturl2=https:/ /www.tivo.com/roamiodvrs IE|



How does wifi positioning-work?

- PHASE 1

N\ calibration phase

%\ PHASE 2:

-

\
)’ﬂ pOSitiOning phase
Fingerprinting!

«’



Positioning Phase

aka using machine learning to determine position

v OverdrivePro1BO
2WIRE400
2WIRES14
2WIRE895
2WIRE944
2WIRE946
AREP
ATT032
ATT096
Bea's network
belkin.433
belkin.83c
belkin.9a2.guésts
belkin.fea
Cariboy,
ChitownML
crnet
Elden
FART-80T6000
Fuel Station
Fuel Station Free
GalwayArmsBar
GalwayArmsOffice
HOME-0B92
HOME-34B8
HOME-53FA
HOME-6BF2
HOME-7DF§
HOME-A872
HOME=D5D8
HOME-D822
HOME-F192
Hoyas
JaJaboo
JJIOHNSON
jms=620

Mafia

Millie

PrAAroePDDDbDPD

) ) ) ) ) ) ) ) ) ) ) ) ) ) ) SN ) Gaa) NP) ) ) ) ) ) R ) ) YY) ) ) ) ) )

PPDPDDDP DD

PPPPDPDPDPDPDPDPDDDDDDBD

These Wi-FI networks are In
range, so where am |7



Positioning Phase

aka using machine learning to determine position

v OverdrivePro1B0

| « OvérdrivePro1B0

a= &=
2WIRE400 a= 2WIRE400 a7z
2WIRES514 a7z 2WIRES14 a7z
2WIRE895 a= 2WIRE895 a7z
2WIRE944 a7z 2WIRE944 a7z
2WIRE946 a= 2WIREQ46 a7z
AREP a= AREP &=
ATT032 a= ATT032 8=
ATT096 a= ATI096 &=
Bea's network a7 Bea's network &=
belkin.433 8= belkin.433 a=
belkin.83c a = belkin.83c &=
belkin.9a2.guests = belkin.9a2.guests =S
belkin.fea a = belkin.fea &=
Caribou a= Caribou &=
ChitownML a7z ChitownML a7z
crnet a= crnet a7z
Elden &= Elden &=
FART-BOT6000 a7z FART-BOT6000 a=
Fuel Station &= Fuel Station a7z
Fuel Station Free = . Fuel Station Free =
GalwayArmsBar &= § I h GalwayArmsBar &=
GalwayArmsOffice &= f | n g e r p rl nt m atC | n g GalwazArmSOfﬁce a=
HOME-0B92 &= HOME-0B92 a2
HOME-3488 &= " kN N HOME-34B8 &=
HOME-53FA &= algOrlth m (e . g . ) HOME-53FA a=s
HOME-6BF2 & = HOME-6BF2 a=
HOME-7DF8 a=s _7DF8 s =
HOME-A872 8= n e U ral n etWO rkS) Egmg-/\srz &=
e - HOME-D5DS8 &=
HOME-D822 &= HOME-D822 a=
HOME-F192 .= HOME-F192 8=
Hoyas 8 = Hoyas &=
JaJaboo &= JaJaboo a7
JJOHNSON a= JJOHNSON &=
jms-620 B jms-620 a=
Mafia s Mafia &=
Millie e Millie a=
i A 2R Maran a =

Avatlable Wi-Fi
Networks and Signal
Strengths

Lat/Lon =
41.93635, -87.64332



Wi-Fi Positioning Accturacy

Worse than GPS, hegtter gthan cellular



. WPS is a software-only positioning
system based on Wi-Fi rather than
satellites or cell towers.

It provides:
# 20 meter accuracy

» Near-constant
indoors and out

® @Q °o - = .
20m accur @ Q) /4m accuracy

(median)
SO N2

Images fr@ccurac}y of iPhone Locations: A Comparison of Assisted GPS,
WiFi% ellular Positioning” by Paul Zandbergen. Transactions in GIS,

6 2009, 13(s1): 5-26



Wi-Fi Positioning Accuracy

Worse than GPS, hegtter gthan cellular

Can be.useddgncombination with
GPS forAamproved accuracy



“Skyhook Location’s hybrid positioning)improves
upon Wi-F1 positioning accuracy ap ' to 35% 1n
difficult environments by leveraging signals from
as few as two GPS satellites.:'In deep urban
settings Skyhook Location uSes weak GPS signals
and WiF1 to acquire a loeation d00% of the time
(A-GPS works only 70% of>the time). From a
complete cold start,(Skyhoek Location delivers a

full hybrid location in,4;'seconds (compared to
30-60 secondstor A-GPS).”

(SRyhook Wireless 2014)

SKYHOOK"



http://www.skyhookwireless.com/precision-location-sdk-overview/skyhook-location-performance/

Predictors of Performance

1. Number of accesspoints

2. Quality of fingerprint
database (degrades over
time, conaitions)

3. Qualityeofmachine learning
algorithi’in positioning
piyase
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Wi-Fi Positioning provides positioningAer’devices
without GPS....

Computers
laplets (e.g. MacBooks)



Key Types of Signal-based Positioning

IN your smartphone and in general

%atellite-based

ositioning

2'Wifi Positioning

3. Cellular
Positioning

Positioning



Q}z

Joe Ravi [CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons

O
r

Ce#
Positioni
;\\gb ning

1. (é@%r' s: Location of
QO wer with strongest
D giArival, Angle of
@, Arrival, Fingerprinting
. Accuracy highly-

s{g@, Time Difference
Arrival, Angle of

dependent on number of
towers

. Least accurate of all three



/4m accuracy O{QS% accuracy
(median) Q (median)

Wifi Positionin \(0 Q)(éeuular Positioning
&

< %@oergen 2009)
s\O

%’\\b
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"IPad Air" by Zach Vega - Own work. Licensed under CreativenCommons‘Attfibution-Share Alike 3.0 via Wikimedia
Commons - http://commons.wikimedia.org/wiKi/File:lPad_Air.pag#mediaviewer/File:IPad_Air.png

Fingerprint by Wilson Joseph from The Noun Project

"Blue iPod touch 5th Generation" by Guess Who - Created in Photoshop CS6.. Via Wikipedia - http://
en.wikipedia.org/wiki/Gite:Blue iPod_touch *5th_Generation.png#mediaviewer/
File:Blue_iPodstouch™5th_Generation.png

"Coittower1" by en:user:Kkmd - en:Image:Coittower1.jpg. Licensed under Creative Commons Attribution-
Share Alikgr3.0 via Wikimethia\Commons - http://commons.wikimedia.org/wiki/
File:Coittower).jpg#mediaviewer/File:Coittower1.jpg

Router by Pedro Lalli from The Noun Project

"Candlestick®Park’2006-08-11" by User Fds527 on en.wikipedia - From en.wikipedia; description page is (was)
here. ‘kicensed under Public domain via Wikimedia Commons - http://commons.wikimedia.org/wiki/
File:Candlestick_Park_2006-08-11.jpg#mediaviewer/File:Candlestick_Park_2006-08-11.jpg


http://commons.wikimedia.org/wiki/File:IPad_Air.png#mediaviewer/File:IPad_Air.png
http://en.wikipedia.org/wiki/File:Blue_iPod_touch_5th_Generation.png#mediaviewer/File:Blue_iPod_touch_5th_Generation.png
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Slgnal baiedntent based
PositioningPositioning



*
fli
Lsed whelin sl@k sition

IS avallable

. . (e.qg. location inference in online
e Bignalbeaseds e Content-based
lent sgdevice

(e g FPOSHIONINGen- Pasitioning .
based service~sGientific application)  Used when Signhal-basec’positioning
IS not useful for your needs

(e.g. need “home” not “current” location)
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System.out.printin(“Saving: " + img
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Content-based
Positioning

The uséof implicit and
explicit geographic
infermation contributed
of contsumed by Internet
users to generate a
position for these users
(with or without their
knowledge or consent).



We'll cover the following content-Based
positioning-related topics:

Geoparsing: Extracting place
names from naturallanguage text

“HomeLocations™: The dynamics

2 of l@Cation™fields in user profiles (and
more)
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We'll cover the following content-Based
positioning-related topics:

—‘ Geoparsing: Extracting place
names from naturallanguage text



Geographic Informmation
Retrieval (G1R)

xgarch Computing



Geoparsing and geocoding are

for both...
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| X Minneapolis could be the ... E3J '\+

ul

@ www.startribune.com/local/minneapol [J) © & g' Google

e > Local > Minneapolis

Somalia

Article by: ERIN GOLDEN , Star Tribune Updated: October 7, 2014 - 7:54 PM

If City Council approves, it would be a first for any U.S. city.

n comments | @ resize text Q | print | buy reprints

Somali leaders in Minneapolis will ask the City Council this week to
consider adding a Somali community to its list of sister cities — a
move that would be a first for any American city.

The proposal, which has support from a long list of Somali business,
cultural and community groups, along with local elected officials, calls
for Minneapolis to partner with Bosaso, Somalia's third-largest city. It's
a diverse port city on the northern end of the country, home to people
who have fled other areas during Somalia’s civil war — and a large
number of residents with connections to Minnesota.

Council Member Abdi Warsame, the first Somali-American elected in
Minneapolis, said a sister-city arrangement would formalize the many
informal relationships that already exist between the two
communities. Several local business owners also have businesses in
Bosaso and many of the items in the Somali Artifact and Cultural
Museum, near E. Lake Street and Bloomington Avenue S., are from
the region.

Perhaps even more importantly, Warsame said, a sister-city
agreement would help raise Somalia's status in the United States and
the rest of the world.

“I think it will galvanize the Somali community in the United States as
awhole,” he said.

Bosaso would be Minneapolis’ 10th sister city.

W Tweet 16

QA ¥ B 2

Minneapolis could be the first with a sister city in

RQink= |
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Gazetteerg\o

e 00 GeoNames e
j ) GeoNames [ + 1 — —
(4) & v geonames rg Q)3 [

i Read Later
login
The GeoNames geographical database covers all co c ntains ove
million placenames that are available fo charge.
| search |
enter a locati@p name,
Browse the name ownload
* Countries Info
* Largest cities Free Gazetteer Data
* Free Postal Code Data
* Premium Data
Web Services
Blog
Mailing list * Querview
Donations and Sponsorin * Documentation
ommercial Support and * Client Libraries
Consulting * Premium Web Services
This work is licensed under a
EY Creative Commons Attribution 3.0 License
*

geonames.org



http://geonames.org

Gazetteers

<place name, <"Mtinneapolis, MN”
spatial footprint (x)> (449833, -93.2667)>

<place name, <“McCarthy, AK”,
spatial footprint (x)5 (61.4328° N, -142.9108)>

<place nafne, <"Riga, Latvia’,

spatial foQtprint (x)> (56.9489, -24.1064)>
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Geo/Geo Ambiguity

one place name (toponym) —
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Geo/Geo Ambiguity

one place name (toponym) — more\than one place
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Geo/Geo Ambiguity

one place name (toponym) — more\than one place
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Geo/Geo Ambiguity

one place name (toponym) — more\than one place
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Geo/Non-Geo Ambiguity

one term — a place name and = 1:Qther meaning
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Geo/Non-Geo Ambiguity

one term — a place name and >1:Qther meaning
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Geo/Non-Geo Ambiguity

one place name (toponym) — more\than one place
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SemanticRelatedness(A,B) =

A single numeric estimate ofcthe number
and strength of relationships between
concepts A and B:

CONCEPT A CONCEPT B

.« N h U R j
: =
» : ‘ pe 3
{ Voo =

SR(A,B)

Dr. Shashi Shekhar Spatial Computing



SemanticRelatedness(A,B) =

A single numeric estimate ofcthe number
and strength of relationships between
concepts A and B:

CONCEPT A CONCEPT B

SR(A,B)

Dr. Shashi Shekhar Garth Brooks
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\ Visit Account Settings to change your password, email .
address, and Facebook and Twitter settings. Cancel Save Profile
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Structure of the rest of this vidego:

oooooooo Go over how to\use

l location fieldsto position
users.
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2

>

g) place name)
CurrentK I‘E\' eapolis, Minnesota

Save Changes
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Addaplace \gchine-readable Represen

(e.g. lat/lon coordinate)
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® 00 f(\ The Google Geocoding AP... * | 4+ ,

@ @ https://developers.google.com/maps/documentation/geocoding/ (& ‘ '\E' Google A B8 2 »2|-

Products > Google Maps APl > Google Maps APl Web Services

Web i0S Android Showcase Support Blog

Take the Google Developers survey

Google Maps APl Web Services 87 17

\\'Q Report documentation issue

v Google Maps Web

Services The Google Geocodln
Overview
Directions AP This document discusses the Geocodmg@ Note that codlng API v2 has been turned down and is no longer
available. Users of the Geocoding APN2 service shoul rade to v3.

Distance Matrix API %
Elevation API This service is also available a&& he Goog@:s JavaScript API, or with a Java client library.

?
Geocoding API What is Geocoding?

Before You Begl &
Time Zone API API Key

Usage Limits
Client Library Geocodjn quest
Geoco itude/Longjtu Lookup

» Support ng esponses
N Output Formats

» Related APIs
6 XML Output Formats
TS
Status Codes

\\ Error Messages
Results

https://developers.google.com/maps/documentation/geocoding/




Get tools Sign in

MSDN subscriptions

MapQuest Geocoding API

Q.
Follow us n ,

Community Documentation LICENSED DATAAPIs  » GEQffODING AP| WEB SERVICE

Geocoding is the progess of matching addresses with geographic coordinates.
easily access the MapQuest'geocoder through a simple HTTP request. The G
functions: addresgs®gverse, and batch.

Export (0) | Print |

Geocqdin®, APl Resources
Docupi@dgtation
Instrugtions, code samples, and demos all combined in easy-to-follow, easy

Foruns
Riscuss apgdreellaborate with developers who are using the Geocoding API.

Locations API

Bing 11 out of 22 rated this helpful - Rate this topic

Use the Locations API to get location information.

Features

Address geocoding
Ppovide either a single-line address or an address broken down into its comp

For an example of how to use the Locations APl with Bing Maps AJAX
Control 7.0, see Displaying Location Search Results Using the REST
Services.

In this section

N o~ - "W Y

geégcodes in order of confidence.

YAHOOQO!

Find a Use these URL templates to getdatitude and BOSS
Location by longitude coordinates for & locatien by specifying
Address values such as a locality, p6stal code, and\street
address. .
RN FO_D' Yahoo BOSS Geo Services

Find a Use this URL template to get the Iocation Yaho'o B'OSS is a suite of ser\'/ices'that provides .Developeré premium API's that can support Search and'(

) b inf ) ] d with latitud dl itud applications. BOSS Geo services include two primary offerings today, Placefinder and PlaceSpotter, whic
Location Y Information associated wi atitude anhd longitude allows developers to geo-enrich their applications and make them more location aware. Learn more abou
Point coordinates. offerings below.
Find a Use theseNURL templates to get latitude and
Location by | longitude coordinates that correspond to location
Query information provided as a query string. Geo Data
Location Use this description to understand the results
Data returned in the response to a Locations API

reauest.

Search Ads



“200 Union St. SE,
Minneapolis, MN”

“United States”

*Minnesota”

"Minneapolis, MN”

Google

(\ Developer%Q
The Google Geocodin |

‘\
&°

2

"address components" : [
{
"long name" : "Minneapolis'

<?>
Q?

geome& {
" bo {
6 heast" : {
@ },

"short name" "Minneap

r
itical" ]

"types" : [ "locality,
}o
{
"long name" : "Hennepin County",
"short name "Hennepin County",
"types" : trative_area_level 2", "political"
by
{
"1ong n Mlnnesota ’
short
"type ) "adm trative area level 1", "political"
Y Q ‘**g
{
n ited States",
rt nam S"
pes @ untry , "political" ]
atte ddress" : "Minneapolis, MN, USA",

"lat" : 45.05125,

"lng" : -93.1945439
"southwest" : {

"lat" : 44.890144,

"lng" : -93.32916299999999

r
"location" :
"lat" : 44.983334,
: -93.26666999999999

" lng"
}o

"location_type"

"APPROXIMATE",

"northeast" : {

"lat" : 45.05125,
"lng" : -93.1945439
Yo
"southwest" : {
"lat" : 44.890144,
"lng" : -93.32916299999999




A (Quercia et al. 2012)
%Q @ Figure 2. Mapping “Gross Community Happiness” in Greater London
K ® (best seen in color).
Map s \J

Do a geographic
\6® sentiment analysis



Questions you may be asking-yourself
at this point:

What do you mean by senxe applications?

How is geo/geo ambiguity dealt with?



Structure of the rest of this vidego:

- Understand-the advantages
— andddisadvantages of
location field positioning.
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Location Field Positioning

5 PROS @ | 6% CONS &

Mamy-location fields
are blank




Colin Kaepernick
@Kaepernick7

Stephanie H

0\ @hashtaghille FOLLOWS YOU

March 2011

NO LQ&Z Q\Z‘@ No Location

Shilad Sen

@shiladsen FOLLOWS YOU

September 2010

\'%

jonathan andrade
@golyandrade

Alyson Glass &

@glassak

de la comida, panzon y feliz.

8 September 2012

: Tweet to jonathan andrade

J 5 Tweet to Alyson Glass

No Location No Location No Location



OC)

RS

D

N
Q)
18% of Twitter E)e@Q@f&‘Hes have

nothing In jon fi
g | X rd ation field
C . 2011)



Location Field Positioning

5 PROS @ | 6% CONS &

Mamy-location fields
are blank

Scale i1s sometimes
insufficient




an Oregon tree-hugger trying to
rvive on the flat land of Maryland's
Eastern Shore. Employed @ Dorchester

¢ Maryland

o §0O-gUqILTV
(® Joined Decemb () Joined March 2008



Geographic Scale (In Order of Incre
Localness from Left to Right

70%

O

60%

"
SA

50% -

40%

30%

ercent of Us
cated in the

20% -

!

10%

0%

(Hecht et al. 2011)



Geoweb Scale Problem

"Alaska’

"Minneapolis, MN”

“200 Union St. SE,
Minneapolis, MN”

o~ Google
» Devetgpers
The Google GepCoding API

"address_componengs §: [
{
“long rname1%: "Alaska’,
“shoftmame" : "AKY,

"administrative_ area_level 1", "political"

: "Un®ted States",

%short name'“: JUS",

“"types" J: [
Yo
{

“long_name"”

"typeS" : [
}

1,

"formattedladdres
"geométry" :9{
"bounds" : {

“northeast”
"lat"
ulngll

}.

"southwest"”
lllat"
‘llng"

r
"location" : {

64.
-14

"lat”
lllngll

.
-
.
-

"location_type

"viewport" : {

"northeast”
"lat"
‘llng"

}.
"southwest"”
lllatll
lllngll

“country”, "political" ]

s" : "Alaska, USA",

2 {
71.3902351,
-129.9945562

2 {
51.214766,
172.4445167

20084129999999,
9.4936733

"APPROXIMATE",

2 {
71.3902351,
-129.9945562

2 {
51.214766,
172.4445167

"administrative_area_level 1", "political"

]

]



00 / *® 64°12'03.0"'N 149°29'37.... * "\+

((:-:)Bvww.google.com/maps/place/64°12'03.0“N+149°29‘37.2"W/@64.2008413,-1B & | (B~ Google QOQ wB 2 #|- =

o Ol -
64°12'03.0"N s *x q y
149°29'37.2"W Directions Save O\Q

64.200833, -149.493667
Q\\’“ X\
Q l Northwest
Territories

Yukon

64°12'03.0°N 149°29'37.2'W

~—— NITINATYT IF N

Anchorage, AK

{7
s\O @ Gulf of Alaska & \ : 3\

Bering Sea N
0\ ¥ » b
\ ) British - '
Columbia e MONTC
) O .

Google 00 f_a'f,'- LEE A

EEE—

~ |

Map data ©2014 Google Terms Privacy 200 miu )




Geoweb Scale Problem

The GSP occurs when latitude and longitude
coordinates — the foundation-of spatial
representations on the geoweb — are not
appropriate for thé/desired scale of a given
spatial comptingxesearch project or
application.



“types" : [ "administrative area level 1", "political" ]
}o (,
{

“long_name"” : "United States", <::>

“short_name" : "US",

“types" : [ "country"”, "politic @
}
1, @

“"formatted address" : "Alaska, U
"geometry" : { Q
"bounds"” : {
"northeast” : {
"lat" : 71.3902351)

. "Ing" : -129.99 @

"southwest" :

"lat" : 5 4766, 0

"1n : 44516
e Q %,
},
"locatio \ xg
"1 ﬁ 4. 20Q§3§ 999999,

-14 733
}o

" : "APPROXIMATE",
ort"
ort ast” : {

" ¢ 71.3902351,

O& '+ =129.9945562
& Kthwest" : {

"lat" : 51.214766,
"Ing" : 172.4445167

A\ ¥
<;E> “types” : [ "administrative area level 1", "political" ]



Location Field Positioning

5 PROS @ | 6% CONS &

Mamy-location fields
are blank

Scale i1s sometimes
insufficient

Lots of non-geographic
information




10% of Twitter location.fields contain
non-geographie information



Location: “Loserwvilte ;)

Location. A\With.God”
Location: ‘Middle Earth”

Location:—|ustin biebers heart”



Popular Culture References Privacy References

e . “Stalker City”
BieberTown «n C\ 1. o
“PLZ Justin follow me” MitidingMyOwn
“UM...STALKER!”

“Bieberland...love!”
“JaeJoongs heart”

“Next to Waldo :D”
“Schrute Farms”

“kgb answers”
“stalker much?”
“for-me to know n u to find
out”

Negative EmOtions Towards Current Location

“preferably anywhere but here”
“a hole in the ground”
“swirling in the abyss”

“Loserville :)”



16%

Non-Valid Geographic
Information

—>

“Stalker City”, “NONE YA
BISNESS”, “Justin Biebers

Heart”, “The Void”, “Redneck
Hell”, “In the Middle of

Nowhere”, “yer mum”,
“BSNBC”, “in God’s Graces’,

etc... %Q
&O& Lat/Lon No Lat/Lon

Returned Returned

6 29




Location Field Positioning

5 PROS @ | 6% CONS &

Mamy-location fields
are blank

Scale i1s sometimes
insufficient

Lots of non-geographic
information

Disambiguation is hard



el Washington
Directions Save Zoom Send




Toponym Ambiguity

one place name (toponym) — more\than one place

“Washifgten”

City - \ »' _Hiawatha
Odenton

Hiawatha National Forest

(2}
5 LK. Ba
, Eau Claire Shawano V. Sturge
Sevens Point Green Rau
S Wausau Menominee é
o IR ]

Shawano

1. Falls:Church

Merrifield

Mantua st :
Annandale ED Hillcrest Heights

pringfield ingolnia Alexandria=Camp Springs

irke  Springfield -
ja H
West Springfield Fraboohia RO Y

Seven Cornersyy

Suitlana oo

Onrtaon

WYOMING

Groveton | cli Nitmaska

Newington Hybla Valle iendl
9.‘"‘ Y Y Fnegfl‘&fxm



Location Field Positioning

5 PROS @ | 6% CONS &

Sometimes is only way Mamy-location fields
to position users are pblank

Scale i1s sometimes
insufficient

Lots of non-geographic
information

Disambiguation is hard



Location Field Positioning

5 PROS @ | 6% CONS &

Sometimes is Mamy-location fields
are blank
only way to | |
s Scale Is sometimes
pOSItIOﬂ USEDPS insufficient

Lots of non-geographic
information

Disambiguation is hard



: @ 7 % 92% m < )

[» accessible
Brad Paisley %Q% eog ra p h i C

@BradPaisley

In 1972, a crack commando unit was sent

prison by a military court for ey didalt
commit. | was
Nashville, T

87 FOLLOWING 2.9M FOLLOWEGS

ol

)
Brad Paisle \

| see you'fe ed | use emoji. I'm
sorry. It's jusifso c n%nt on the ne
IOS. ret an @ nfusion it may
hs\ sed. \
6 112

Brad Paisley @BradPaisley 15h
Got to ride on a real fire truck and

r
713

% g% #cmaawards youtube.com/watch?
o’ 4 e 2

e

Timelines Notifications Messages Me



Location Field Positioning

5 PROS @ | 6% CONS &

Sometlmes IS I\/Iany location fields
are pblank
only way to | |
L Scale is sometimes
pOSItIOﬂ USEDS insufficient
Unigue Lots of non-geographic
spatiotemporal scale information

Disambiguation is hard



Go Gophers! Beat Doing some At dentist apptO

the Badgers! recording for #tOOthfa”
@SpatialComp @ OMG! Just
MOOC QQ drove on a lake!
§ #itscold
AS PN

™

L/

/ - A

il
.

Brent Hecht
@bhecht 6
Assistant Profes f puter

Sci at the U rsity of
Minnesota







Go Gophers! Beat Doing some At dentist apptO

the Badgers! recording for #tOOthfa”
@SpatialComp @ OMG! Just
MOOC QQ drove on a lake!
§ #itscold
SIS
-~ O Headed to
// o - #Amsterdam!

il
.

Brent Hecht
@bhecht 6
Assistant Profes f puter

Sci at the U rsity of
Minnesota




Data-drivepaais
home reg|

=oll B

Brentr};ﬁ @

% m%sor of Computer Science
’@ f Minnesota

the
Q Mlnneapolls MN = tiotemporal

egion %
Greatest V| & cs.umn.edu/~bhecht/ Threshold
(e.g. g an| (® Joined April 2008 (e.g. Liand

Ga n 2013) 500dchild 2013)




Structure of the rest of this vidego:

Wrap-up positioning with
discussion of location-
inference attacks.




TWEETS  FOLLOWING  FOLLOWE
5 39 Q

. N Tweets Twee les
Ayim Notellingii Q
@geoprivacy 6 Aylm Note geopnv
Q | never reveal my location @ ome IOcal WIId

K X

r@lngu @geoprivacy * 52s
had Snickers-on-a-stick at the fair,
youbetcha'

from

o‘ <2>

e Ayim Notellingli @geoprivacy - 1m

6@ Still happy the Gophers won last night!
N\

0 Ayim Notellingu @geoprivacy * 2m
Sure am loving these cheese curds!



TWEETS  FOLLOWING  FOLLOWE
5 39 Q

T t T
Ayim Notellingi: weets Wee Qoies Q

@geoprivacy 6 Ayim Notel@geopnv
Q@ | never reveal my location @ ome local wild rice from
‘FS'\

r@lngu @geoprivacy * 52s
had Snickers-on-a-stick at the fair,

@ﬁyoubetcha'

e Ayim Notellingli @geoprivacy - 1m

6@ Still happy the Gophers won last night!
0\ e

2

0 Ayim Notellingu @geoprivacy * 2m
Sure am loving these cheese curds!
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Sampling Strategy

Model Selection

Accuracy Ba&ccu cy % of Baseline Accuracy
72.711% 2 %\ 291%

Country-Uniform-2500 Calgari

Country-Uniform-2500 Count 68.44% 274%
Country-Random-20K Calgari 88.86% .08% 108%
Country-Random-20K Count 72.78° .08% 89%
State-Uniform-500 Calgari . 5.56% 545%
State-Uniform-500 Count : 5.56% 363%
State-Random-20K Calgari 15.06% 165%
State-Random-20K 15.06% 181%

Table 2: A summary of results from the cou
algorithm is bolded for each experlment

<
o
%s\ N

%,
.\b

(

Count . (&, 27.31 %\

le experiments. The better performing model selection
orted is the best generated by MinU = 2 or MinU = 5.

QD

tetal 2011)



® 06O /, People followed by Ayim ... ”\E wild rice region - Google ... % | +

@u https://twitter.com/following c ‘ \E' Google QOQ ﬁ E el |~ }
o Q ’v‘ # L 4 @reh Twitter Q 6 .

Ayim Notellingii 9 |
@geoprivacy %

¢ | never reveal my location s\Oﬁ I o :
o IR

Who to follow - Reffe@ all TheCurrent Minnesota State Fair
. Q @TheCurrent @mnstatefair
. . MOCA \ CAlosangeles
c A \v The Current, a non-commercial radio The official Twitter of the Great
+@° station in Minnesota, plays the best new Minnesota Get-Together. Visit us A
] ] _ music next to the music you already 27-Labor Day, Sept. 7, 2015!
Art in America @AIANews :
Al‘t love, from local to legendary. 89.3... #mnstatefair

+9 Follow
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/ 3 Chairman Franken's Openi \-l- .

@u @ www.youtube.com/watch?v=ZRHR7QK9 1l &~ & | (B~ coogle Qf \KI SaE P =
.

L Tube oo e KD

Chairman Franken questioning
Apple, Google, and Experts on

Sen. Franken Stands Up for
Biodiesel and Renewable Fuels

Sen. Franken Disappointed
=~ Student Debt Bill Blocked

Sen. Franken Questioning the
CEOs of AT&T, T-Mobile USA,

. Franken-McFadden Debate With
Complete Audio

Chairman Franken's Opening'\Statement on_Mobile Privacy

Sen. Al Franken

"SHUT UP!" Bill O'Reilly's Heated
Feud with Al Franken featuring

" BE I3 Subscribe 1,488_:

2,084
» N\ ‘ h Franken McFadden Debate- Oct 1,
T Addto G Shape™ TN More gs P 2014 - full video

") A ad

http://www.franken.senate.gov/?p=video&id=1497|
BB Scott DePace



http://www.franken.senate.gov/?p=video&id=1497

Positioning

Spatial Computing — University of Minnesota

Attributions

Some maps © OpenStreetMap contribuidrs,(Www.openstiegtmap.org/copyright)
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