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Motivation

Consider
this image
El Segundo,
CA 90245

What do
we see?

Urban Area
Buildings

Need detailed
spatial models
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Gazetteers

Geographic data structures specifically designed to
maintain this information

— Name(s)

— Type(s)
— Footprint(s)
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Problem

= There is a need for highly detailed gazetteers

» Feature identification in spatial models
= Emergency management

= Named entity recognition (NER) in text

= Georeferencing 5:00 pm”

“All books and images
about the Roosevelt
= Access to information by placename Hotel”

= Digital libraries

= But there are few around, and they are not highly detailed
m USGS GNIS, NGA GeoNames, UCSB ADL



University of Southern California

The Information i1s Available

The information to make these things possible is out there

— Online Phone books
— Online Property Tax sites
— Etc.

We can extract and integrate information from multiple
sources to build detailed regional gazetteers
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Data Sources & Methods
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Feature Generation
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Data Source — Zip+4 Files

Published by the USPS

— L.ist street segments
— List valid addresses per segment
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Data Source — Assessor

> s Willate 11| il
kept atthe West District Office

8 1"
Recards for this propery are

FProperty Information

Assessar's Id, Number 5055-014-012

| Site Address 2652 ELLENDALE PL

— LOS ANGELES CA 80007
— Property Type ulti-Family Residential
— Region i Cluster 08109441

b

28—

ENDALE

| Tax Rate Area (TRA) noz10
(Here 1o View Assessor's

(=TT

LOS ANGELES

Recent Sale Information
Latest Bale Date

ORCHARD

Indicated Sale Price

2004 Roll Values

s
Gopyright- LA Assassar —|ﬁm+

#h v HQO8 00K

Recording Date 056131987
Land §335,057
Improverments §408,083
Personal Property $1.600
Fiures 50
Homeowners' Exemption 30
Real Estate Exemption 30
Fersonal Property Exemption 30
Fixture Exermption J0

Here for 2004 Annual T

Legal Description

LOT 41 ELLENDALE PLACE AND LOT 41 1/2 BOWKER'S ADD TO
ELLENDALE PLACE

Building Description(s)

Improvement 1
Sguare Footage 10,402
“Year Built/ Effective Year Built 196371963
Bedrooms J Bathrooms 4524
Units 12

Provides:
e Information about features
e Verification of existence

= Type (Resdential/Commercial)

eInterface is queryable by
e Address

http://assessormap.co.la.ca.us/mapping/viewer.asp
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Feature Generation

USPS Zip+4 files
— Can generate all addressable addresses

Los Angeles County Assessor (LACA) Site
— Can verify addresses which do exist

-

Zip+4 Real Addresses
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Feature Types

Now that we have features
— What are their names and types?

All we know so far about a feature
— It is a building
e« Commercial
e Residential

Can we get more information?
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Feature Types Cont.

Supplement with phone book information

— Yellow Pages (Commercial)

— White Pages (Residential)
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Data Source — Superpages

Provides:

Home = Category Browser = Home & Garden

Home & Garden

Appliances Plants e Information about features

Lealers, Semwice & Repair, ...

Security Systems & Services

Cleaning Equipment & Supplies Elurglar Alarms, eymakers, Lodsmiths, ...

Carpet Cleaning Supplies, Cleaning Supplies, ... ® Name
Television Service Providers

Cleaning Services Cable TW, Satallite TW, ...

Housecleaning, Laundries, Sewer & Drain

Cleaning. ... Utilities ®
Electric Companies, ZFarbage Remowal, Zas a egory

Domestic Services Companies, ...
Child Care, Maids & Butlers, ...
See Also:
Home Furnishings Construction & Contractors [ J Address

Carpet & BRug Dealers, Furniture Stores, ...

Home & Garden Stores

Home Improvement & Maintenance Pl v
oving & Storage
Interior Designers, Kitchen & Bathroom 4 4

Bemadeling, Pest Contral, .. Office Furniture, Equipment, & Supplies ® Phone Number

Lawn & Garden
Zarden Centers, Landscaping. ...

Packaging & Shipping Materials b Interface IS queryable Via

Retail

Pets & Animals

Animal Hospitals, Pet Smoming & Boarding, Fet o Type Category

Shops, ...

Up to top level

Can't find it¥ Try the Alphabetical List ® Locatlon (le COdeS)

http://www.superpages.com
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Data Source — Swtichboard

FIND A BUSINESS | FIND A PERSON | SEARCH BY PHONE | WEB SEARCH | AREA & ZIP CODES |

First Mame: Last Mame ity State List

o v | Provides:

smith in el segundo, ca 90245

o e 7 e Information about features

El Segundo, CA 90245

(310) 322-0936 Update/Remove this listin

Updated Address & Phone Mumbet Found for A Smith

» Type (Residential)

ﬂpublic Fecords 00 Address History @Searchb SSH <Paackgmund Ched

Smith, Alfred Email, Maps and What's Hearby™™ i Own e r N am e

311 W Palrm Ave,

UpdateRemouve this listin
El Segunda,
CA B0245-2257 Updsted SAddress & Phone Number Found for Sifred Smith

(3100 3228621 Instant Background Check for Alfred Smith A d d
° F'ess

@Public Fecords  #E0r Address History (&) search by ssu Fﬂackground Check

Smith, B Email, Maps and What's Hearby>™ P h I ' l
El Segundo, CA 90245 A bd One u er
(31 D) 640-856? UpdateRemove this listin:

Updated Address & Phone Mumber Found for Bl Smith

Instart Backaground Check for B Smith

i necoss A adtes o @) teashinsan D nacsonnd che e Interface is queryab|e by

?'S—,—Wis!\hf : Brar_“l’ . Email, Maps and What's Hearby ™

Mpera WE e

El Segundo, UpdateRemove this listin [ ) Ad d reSS
CA 90245-2053 Updated Address & Phone Mumber Found for Brandy Smith

(310) 515-1944 Instart Background Check for Brandy Smith

@Public Fecords M0 Address History @Searchb SEH ﬁBackground Chadk

Smith, Carl Email, Maps and What's Nearm[SM

Ell%r;ﬂgaL::dSDt,l UpdateRemove this listin

CA 90245-3055 Updated Sddress & Phone Number Found for Carl Smith
(31 22975 Instant P L

http://www.switchboard.com
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Data Sources & Method

Zip+4

All Possible
Addresses

Assessor

All Valid Addresses

Cat\gory i

N

Superpages

Yellow Pages " Merchandise  eBay Results - Web Results
+ Previous | Next =
© Show: Serving the area © Map: Show Results an Map

Advertisers

Renee Shofner - Realtor, Coldwell Banker Alliance
The Link to All Your Real Estate Meeds!

phone | email

"3 Click here for mare info

Bormel Equity Lenders Inc

Fast Service with Guaranteed Results! Best Rates in Town!
9631 Alondra Boulevard Suite 102, Bellflower, CA 90706
businesc prafile | phone | mail | map

=] blanca

Monte Hartman & Associates/Coldwell Banker

Diesicaealiloe: Sinalislunestleemeela sk el S eSSl as o
Regio

288 wachington Bevlevard , Marina Dol Rey, GA 60283

phone

3w westsidehames corn

© Show: Sewving the area © Map: Show Results an Map
© Sort: Alphabetically
©Jumpto: #ABCDEFGHIJKLMNOP QRS TUVWXY I

8 - 10 of 10 Help - Previous | Next =

Name,
Address,

Type,
Phone

So Far

Address

Swnchboard

T e
o b e b
RSP
PE———

[ oS S B e P e

Name,
Address,
Phone

v

Need a Single Integrated Set
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Integration Process

Normalization
— Put all records into a consistent format

Record Linkage
— Eliminate duplicate records
— Merge attributes from multiple records
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Method So Far

Zip+4

Ca@ory Z/Ip Address

All Possible
Addresses

Superpages o _‘_S__v_yli'gc_:j_jgoard )

Yellow Pages " Merchandise  eBay Results - Web Results "
« Previous | Next = i m— e
© Show: Serving the area p: Show Results an Map —

Renee Shofner - Realtor, Coldwell Banker Alliance
The Link to All Your Real Estate Meeds!

phone | email

ra

Bormel Equity Lenders Inc
Fast Service with Guaranteed Results! Best Rates in Town!
Assessor 9631 Alondra Boulevard Suite 102, Belllower, CA 90706
business profile | phone | email | map
3w blancaoradriguez com

Monte Harunan & Assoclates/Coldwell Banker
Dedicated to Providing the Finest Service Available in the West Los Angeles

Region

450 Washington Bouleward , Marina Del Rey, CA 90292

phone

3 wenew westsidehomes. com

© Show: Sewing the area © Map: Show Results an Map

© Sort: Alphabetically

©Jumpto: #ABCDEFGHIJKLMNOP QRS TUVWXY I

8 -10 of 10 Hel = Provivus | Nest -

S e— Name, Address,
= = Type, Phone

Name, Address, Phone

All Valid Addresses

Integration

Name,
Type,
Address

Need a footprint
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Footprint Generation

Generate points as first approximation

Geocode

Test

To test the operation using the HTTP GET protocol, click the 'Invoke' button,
Parameter Yalue

strestaddress: |2652 ellendale place

city: los angeles
state: ca
Zipstr: 0007

Invoke

<geopoint>
<lat=34.005206532674805</1at>
<lon~=-118.4760554714503 1 </lon~
<geoerror/>
<errorbounds=0.0015020408163265305</errorhounds>

<errorboundsunit>Decimal Degrees</errorboundsunit>

</geopoint=
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Complete Gazetteer

Zip+4

Ca@ory Z/Ip City A..Z

All Possible
Addresses

Superpages o __$nyjgghgoard )

Yellow Pages " Merchandise ~ eBay Results ~ Web Results "
+ Previous | Next = Pea— e o =
p: Show Results an WMap

© Show: Serving the area

Renee Shofner - Realtor, Coldwell Banker Alliance
The Link to All Your Real Estate Meeds!

phone | email

ra

Bormel Equity Lenders Inc
Fast Service with Guaranteed Results! Best Rates in Town!
Assessor 9631 Alondra Boulevard Suite 102, Belllower, CA 90706
business profile | phone | email | map
3w blancaoradriguez com

Monte Harunan & Assoclates/Coldwell Banker
Dedicated to Providing the Finest Service Available in the West Los Angeles

Region

450 Washington Bouleward , Marina Del Rey, CA 90292
phone

3 wenew westsidehomes. com

© Show: Sewing the area © Map: Show Results an Map
© Sort: Alphabetically
©Jumpto: #ABCDEFGHIJKLMNOP QRS TUVWXY I

8 -10 of 10 Hel = Provivus | Nest -

Name, Address,
Type, Phone

All Valid Addresses / Name, Address, Phone

Integration

|

Geocode

l

Name,

Type,
Latitude / Longitude
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Iterative Improvement

Query

GetGazetteer()

f@@\

Names

Geospatial Mediator

GetNames()

GetTypes()

Result

Gazetteer

GetFootprints()

!

Types

A
s 08

\_ Footprints )

f@ -\

\_ Operations )
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Example: Improve Footprints

Mediator

GetFootprints()

Relation
Constraints:
Extent=US
Accuracy=0

-8

Linear Interpolation
Geocode Operator

Point

Footprints
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Example: Improve Footprints

Raster Parcel
Source

Relation
Constraints:
Extent=LA

Accuracy=1

i

Mediator

GetFootprints()

-0

Vector Extraction
Operator

Vector

Footprints
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Example: Improve Footprints

I_*-ll i '\ﬂ.z Gt T =
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O |
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Results

= Comparison to Existing Gazetteers

s Ground Truth Evaluation
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Comparison —

Existing Gazetteers

UCSB Alexandria Digital Library (ADL): GNIS + GeoNames + TGN
Los Angeles Comprehensive Bibliographical Database (LACBD)

Los Angelas Los Angeles

3
nnnnnnnnnnnnnnn

aaaaaaaaaaaaaaaaaaaaaaa

ADL (22 Features) LACBD (11 Features)
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Comparison —
Automatically Generated Gazetteer

Los Angeles

N L b il

}' -
e
i F ﬁaﬁ
B lr Wik i A =
1 HI TR
"'"l"hn' Hill 3

HE 1
ls s-j&,-r‘“’!*""'"" “B'{ :' :i-.f -
§

.”,Ps :.'5.'.'." e
1 i iiﬁf THETINe.

gwirﬁm%mu”
!

I Manhattan Beach

i

Hawthorne

AGG (5,046 Features)
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Feature Comparison

| Feature Type | Feature Name | ADL | LACBD | AGG |
B El Segundo City Hall X X X
T Old Town Music Hall X
E Center Street Elementary X X X
E St Johns Luth Child Dev X
E St Anthony Elementary X X
E Richmond Street Elem X X
E Webster University X X
E Arena High X
E El Segundo High X X X
E El Segundo Mid X X X
H Chevron Refinery X
H Airport Towers Number 1 X
L El Segundo Public X X X
PK Holly Valley X
PK Candy Cane X
PK El Segundo X
PK Dockweiler Beach St X
PK Kansas X
PO El Segundo X X
R Pacific Baptist X X
R St Andrews Church X X
R New Mt Calv Mis. Bap X
R Temple Rodeph Shalom X X
R El Segundo Christian X X
R El Segundo Foursquare X X
S El Segundo Golf Course X X
Ratio of total (superset) | 21/26 10/26 15/26
Recall % (superset) 81% 38% 58.00%
Ratio of total (buildings) | 14/18 9/18 14/18
Recall % (buildings) 78% 50% 78%

B building, T theater, E educational facility, H heliport, L library, PK
park, PO post office, Religious site, and S sports facility
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Ground Truth

Surveyed 43 street segments of different types by
walking the blocks

e Residential (R)

 Commercial (C)

 Industrial (1)

« RIC

. I/C

Compared
— What the AGG said was there
— What was actually there
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Accuracy

Location

Precision:
Of the number of features we extracted, how many actually existed?

Recall:
Of the number of features in existence, how many did we get?

Name / Type

Precision:
Of the names/types we extracted, how many were correct?

Recall:
Of the possible names/types in existence, how many did we get?



University of Southern California

Superpages

Type Name/Type Precision | Name/Type Recall
1 1.00 0.68
IC 1.00 0.83
C 0.95 0.88
C/R 0.92 0.87
R N/A N/A
Overall 0.96 0.81
| Type | Location Precision | Location Recall |
I 0.90 0.39
I/C 0.88 0.78
C 0.75 0.99
C/R 0.94 0.63
R N/A N/A
Overall 0.72 0.58

« Very accurate namef/type

e Overestimated features (shopping centers, downtown blocks, etc.)
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Switchboard

| Type | Precision | Recall |

I 0.10 0.08
I/'C 0.00 0.00
C 0.67 0.17
C/R 0.78 0.45
R 1.00 0.44
Overall 0.49 22

e Underestimated Features (cell phones, unlisted numbers, etc.)
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ASSessor

Type Precision | Recall
I 0.86 0.71
I'C 0.94 0.84
C 0.84 0.72
C/R 0.86 0.89
R 1.00 0.91
Overall 0.89 0.81

- Very accurate features

e Not much type information
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Automatically Generated Gazetteer

After integrating
the three sources

Type Precision | Recall
I 0.94 0.80
I'C 0.92 1.00
C 0.64 1.00
C/R 0.79 0.99
R 0.99 0.91
| Overall | 0.85 | 0.94 |

- Very accurate features

e Very detailed type information



University of Southern California

Future Work

Automatically merge feature type hierarchies

— Our types are very detailed and would not translate directly/automatically into existing
hierarchies

— How can we automatically augment existing FTT to accommodate highly detailed feature
types?

Sub-Parcel Footprints

More feature types (non-manmade)
— New Sources

Automatically learn and extract the contents of online raster maps
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The End

Thanks to the gang!

— John P. Wilson, advisor — USC GIS Lab

— Craig A. Knoblock, advisor — USC/ISI

— Snehal Thakkar, mediator — USC/ISI

— Yao-Yi Chiang, vector extraction — GeoSemble

Questions?
Comments?
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