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• Consider 
this image

• El Segundo, 
CA 90245

• What do 
we see?

Motivation

Urban Area
Buildings

Need detailed 
spatial models



Gazetteers

Geographic data structures specifically designed to 
maintain this information
– Name(s)
– Type(s)
– Footprint(s)



Problem
There is a need for highly detailed gazetteers

Feature identification in spatial models
Emergency management

Named entity recognition (NER) in text
Georeferencing

Access to information by placename
Digital libraries

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

“The suspect 
entered McDonalds
on 3rd Street at 
5:00 pm”

“All books and images 
about the Roosevelt 
Hotel”



The Information is 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



Data Sources & Methods
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Generate 
Features

Associate 
Types

Generate 
Footprints



Feature Generation



Data Source – Zip+4 Files

• Published by the USPS
– List street segments
– List valid addresses per segment

ID, Pre, Name, Suffix, Post, Start, End, …
100, E, Maple, Ave, N, 700, 798, Even, …
101, E, Maple, Ave, N, 701, 899, Odd, …
102, E, Maple, Ave, N, 800, 898, Even, …
103, E, Maple, Ave, N, 801, 899, Odd, …
104, E, Maple, Ave, N, 900, 950, Even, …



Data Source – Assessor 

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

Provides:

• Information about features

• Verification of existence

• Type (Resdential/Commercial)

•Interface is queryable by

• Address



Feature Generation

• USPS Zip+4 files
– Can generate all addressable addresses

• Los Angeles County Assessor (LACA) Site
– Can verify addresses which do exist
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Zip+4 LACA
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Real Addresses



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

• Commercial
• Residential

• Can we get more information?



Feature Types Cont.

• Supplement with phone book information

– Yellow Pages (Commercial)

– White Pages (Residential)



Data Source – Superpages

http://www.superpages.com

Provides:

• Information about features

• Name

• Category

• Address

• Phone Number

• Interface is queryable via

• Type Category

• Location (Zip Codes)



Data Source – Swtichboard

http://www.switchboard.com

Provides:

• Information about features

• Type (Residential)

• Owner Name

• Address

• Phone Number

• Interface is queryable by

• Address



Data Sources & Methods So Far
id, 12231, Maple,Ave
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …

All Possible 
Addresses

Zip+4

Assessor

Superpages

Category Zip
Address

Switchboard

All Valid Addresses

Name,
Address,

Type,
Phone

Name,
Address,
Phone

Need a Single Integrated Set



Integration Process

• Normalization
– Put all records into a consistent format

• Record Linkage
– Eliminate duplicate records
– Merge attributes from multiple records



Method So Far
id, 12231, Maple,Ave
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …

All Possible 
Addresses

Zip+4

Assessor

Superpages

Category Zip

Switchboard

Name,
Type,

Address

Need a footprint

Integration
All Valid Addresses

Name, Address,
Type, Phone

Name, Address, Phone

Address



Footprint Generation

• Generate points as first approximation



Complete Gazetteer
id, 12231, Maple,Ave
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …
id, ………, …….., …

All Possible 
Addresses

Zip+4

Assessor

Superpages

Category Zip City A … Z

Switchboard

Name,
Type,

Latitude / Longitude

Integration

Geocode

All Valid Addresses

Name, Address,
Type, Phone

Name, Address, Phone



Iterative Improvement

FootprintsTypes
Names

Operations

Query
Geospatial Mediator

ResultGetNames()

GetTypes()

GetFootprints()

GetGazetteer() Gazetteer



Example: Improve Footprints

Linear Interpolation
Geocode Operator

Point
Footprints

Mediator

GetFootprints()

Relation 
Constraints:
Extent=US
Accuracy=0



Example: Improve Footprints

Raster Parcel 
Source

Vector Extraction 
Operator

Vector 
Footprints

Mediator

GetFootprints()

Relation 
Constraints:
Extent=LA
Accuracy=1



Example: Improve Footprints



Results

Comparison to Existing Gazetteers

Ground Truth Evaluation



Comparison –
Existing Gazetteers

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

ADL (22 Features) LACBD (11 Features)



Comparison –
Automatically Generated Gazetteer

AGG (5,046 Features)



Feature Comparison

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



Ground Truth

• Surveyed 43 street segments of different types by 
walking the blocks

• Residential (R)
• Commercial (C)
• Industrial (I)
• R/C
• I/C

• Compared 
– What the AGG said was there
– What was actually there



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?



Superpages

• Very accurate name/type

• Overestimated features (shopping centers, downtown blocks, etc.)



Switchboard

• Underestimated Features (cell phones, unlisted numbers, etc.)



Assessor

• Very accurate features

• Not much type information



Automatically Generated Gazetteer

• Very accurate features

• Very detailed type information

After integrating 
the three sources



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



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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