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 Large amount of geospatial data available
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e To fully exploit these diverse geospatial data
sources, we need a framework that prowdes an

interactive and mtegrat"'I ”/v N
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DATA RETRIEVAL

e The data retrieval tasks involve gathering the available

geospatial data

OpenstreetMap View || Edit | History || Export || GPS Traces || User iares
Free Wiki Word Mag

The Fre

Help & Wiki
Copyright & License

OpenStreetMap

988info.rs

Telefonski imenik

Page number 1 23 45

ALABANDA, VLADETA
USKOCKA 7, BEOGRAD

ALABANDA, VLADETA
USKOCKA 7/002, BEOGRAD
ANDRIC, MILETA
USKOCKA 2, LAZAREVAC

BLAGOJEVIC, ZORAN
USKOCKA 3, MALI POZAREVAC

Phonebook website

€ o011 2631495
€ 011 2621250
€ o011 8120911

€ 011 8256471

Street vector data as KML layer

000 | phoneBook.xml
<PhoneBookData>
<Entry>
<Name>ALABANDA, VLADETA</Name>
<Address> USKOCKA 7, BEOGRAD</Address>
<PhoneNumber> 011 2631495</PhoneNumber>
</Entry>
<Entry>
<Name>ALABANDA, VLADETA</Name>
<Address>USKOCKA 7/002, BEOGRAD</Address>
<PhoneNumber>011 2621250</PhoneNumber>
</Entry>
<Entry>
<Name>ANDRIC, MILETA</Name>
<Address> USKOCKA 2, LAZAREVAC</Address>
<PhoneNumber>011 8120911</PhoneNumber>
</Entry>
<Entry>

<Name>BLAGOJEVIC, ZORAN</Name>

Phonebook data as XML file
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Geospatial reasoning processes infer new and useful

a

[ J
knowledge about a region by applying various reasoning
methods over the integrated data.
Examples:
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Extraction of road layers and text labels from raster map (Chiang et al. 2010)
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orthoimagery (Chen et al. 2006)

Automatic conflating road vector data with
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e Various geospatial layers are integrated on top of a base layer,
such as the satellite imagery for a giye_n area

= = TBla

e The system imports other data into the system and converts
them into a uniform representation:

— This uniform approach hides the heterogeneity present in the input data
formats

e The reasoning methods exploit the integrated data
— Supports interoperability of the reasoning methods on the input data

e Results are presented on a map or image using this
framework
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e Problem: Identify the address associated with each
building that can be identified in the satellite imagery.

LLOMA VISTA ST

LOMA VISTA ST

ILOMA VISTA ST

663 W SYCAMORE AVE 647 W SYCAMORE AVE 635 W SYCAMORE A
Befo re 49 W SYCAMORE AVE

e Approach:

— Identify the street vector data, building locations and the phonebook data for
the given area (data retrieval task)

— Reasoning using a CSP over the data to generate a mapping between the
addresses and building locations (geospatial reasoning task)
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e CSP Model formulation for building identification problem

— V is a set of variables, V = {V1,V2,...,Vn}

BID PROBLEM
—> Set of Buildings

— D is a set of variable domains (domain values)
D ={DV1,DV2,...,DVn}
— C is a set of constraints, C = {C1,C2,..

Cva, vp,..., Vi =

Vector Data
1. OpenStreetMap

<
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2. KML, shapeﬁlesetc
3. Manually Created

—> Set of Addresses

.,Cl} —>  Set of Constraints
{(xy,..,z2)} C DVax DVb x..x DVi  E.g. Addresses increases
West
Information from Phone Information from Image
Book Data Or Map
@ﬁhﬁm o b 1o Sto ‘n : L I .
Possinfo.rs
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Yellow and White Pages

CSP Model
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CSP Solver | ™)

Street and address _ _
assignment for each [Michalowski &

building in an image Knoblock 2005]
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

© Draw Street Manually ( ADD MORE )
_ Label Streets Manually

~ Import KML File
— View Maps Online

. Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

® Draw Points { DONE )

_ Draw Polygon {"ADD MORE )
_ Import KML File

Process LIDAR Data
< Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

_ Predict Intersection Buldings
o Exploit Constraints
® Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )

/‘ SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATAVN
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

_ Draw Street Manually ( ADD MORE )

_ Label Streets Manually

_ Import KML File

& View Maps Online

) Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

) Draw Points { DONE )

_ Draw Polygon (' ADD MORE )

_ Import KML File
Process LIDAR Data
— Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

— Load Phone Book Data

_ Predict Intersection Buldings
: Exploit Constraints

® Exploit Map Sources

OTHER OPTIONS
( EXPORT KMLs )

{ SAVE CURRENT SESSION DATA ) \
{ LOAD PREVIOUS SESSION'S DATA )




IDENTIFY THE STREETS IN IMAGE
METHOD 1: INTERACTIVELY DRAW THE
STREETS OVER IMAGE
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Enter Street Name:
[Uskocka|

{ Submit )

STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

) Draw Street Manually '/m\
_ Label Streets Manually

_ Import KML File

_ View Maps Online

_ Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

® Draw Points W y

_ Draw Polygon

_ Import KML File
Process LIDAR Data

s Import WikiMapia Layer

(" ADD MORE )

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

_ Predict Intersection Buldings
: Exploit Constraints

® Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )
SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )




IDENTIFY THE STREETS IN IMAGE ISI/
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STEP 1: SELECT AN AREA

;& Select an area on map using mouse

STEP 2: IDENTIFY STREETS

_ Draw Street Manually { ADD MORE )

_ Label Streets Manually

_ Import KML File

_ View Maps Online

%) Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

® Draw Points [ DONE
_ Draw Polygon (" ADD MORE )
_ Import KML File
Process LIDAR Data
< Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

__ Predict Intersection Buldings
_ Exploit Constraints

® Exploit Map Sources

OTHER OPTIONS
{ EXPORT KMLs )

{ SAVE CURRENT SESSION DATA )
{ LOAD PREVIOUS SESSION'S DATA )
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IDENTIFY THE BUILDING LOCATIONS 1Sl
METHOD 1: MANUALLY IDENTIFY THE POINTS

Information Sciences Intitute

e Toiel oo ) | oen . omrper AN AREA

. 8 (4 . ‘ . Select an area on map using mouse

STEP 2: IDENTIFY STREETS

) Draw Street Manually ” ADD MORE )
_ Label Streets Manually

_ Import KML File

_ View Maps Online

_ Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

{*) Draw Points ‘/m\
. Draw Polygon (" ADD MORE )
_ Import KML File

Process LIDAR Data
: Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

) Load Phone Book Data

_ Predict Intersection Buldings
_ Exploit Constraints

< Exploit Map Sources

e o b OTHER OPTIONS

1 ‘@ { EXPORT KMLs )
o m —

(" SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )
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IDENTIFY THE BUILDING LOCATIONS
METHOD 2: IMPORT AN EXISTING KML LAYER
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

) Draw Street Manually "W\
_ Label Streets Manually

_ Import KML File

_ View Maps Online

_ Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

%) Draw Points /@ )

. Draw Polygon

_ Import KML File
Process LIDAR Data

< Import WikiMapia Layer

(" ADD MORE )

STEP 4: IDENTIFY BUILDING
ADDRESSES

) Load Phone Book Data

_ Predict Intersection Buldings
: Exploit Constraints

S Exploit Map Sources

OTHER OPTIONS

/’

A { EXPORT KMLs )

{ SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )
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STEP 1: SELECT ANAREA & and Wh|te

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

e I wwe N mad
Phone Number:011 2631495 Phone Number: 011 202 9292 ® Draw Street Manually ( ADD MORE ) n a e
Address:USKOCKA 7. BEOGRAD Address: Beograd, Vracar, Uskotka 6 ¥ = >
Name:ALABANDA, VLADETA Business Name \DrZavna Lutrija Srbije — Label Streets Manually
Phone Number:011 2621250 %“,“;f,""-"{ A — Import KML File
4 W, |Address:USKOCKA 7/002, BEOGRAD Sage: v o
4 | [Name:ALABANDA, VLADETA |ﬁmne Number: 011 627 605 e g
+ 5 AAdAdwacer Ranarad TlebaXla A4

[EfellowPages.rs

Ako nije ovde, mozda i ne postoji.

988info.rs

Telefonski imend Advanced search: @ By'3

brand By phone

Location Address No

Srbija Uskockal

use serbian letters: (3 (3@ € €  If it's not here, maybe it doesn't exist.™

Residential Customers |

Select search options Phone: Street:
Area code: = Beograd 011 B Name: Number: - Sort by
Town: _ all v Last name: . .. ..
W n . Drzavna Lutrija Srbije
Refine search
Location: Beograd, Vracar, Uskocka 4-6
Molimo Vas koristite srpske karaktere (Please use Serbian characters) - §, &, €, 4, dZ ry: Gambling
VAZNO: Za probleme prilikom pokretanja pretrage | promene mreZne grupe, omogudite prihvatanje Cookles - Pom: Industries Category: rtainment and arts

Recommendations: Read recommendations; Write recommendation

Page number 12345 Drzavna Lutrija Srbije Srbija, Drzavna Lutrija Srbije in Srbija, |

= Photographers

ALABANDA, VLADETA € 011 2631495 = Gambling Drzavna Lutrija Srbije in Beograd
USKOCKA 7, BEOGRAD = Casinos .
ALABANDA, VLADETA ( 011 2621250 I Exchange offices Fun casino
USKOCKA 7/002, BEOGRAD = Optics Location: Beograd, Uskocka 4
= Beekeeping Industry: Casinos
ANDRIC, MILETA € o011 8120011 = Travel agencies Category: Entertainment and arts
USKOCKA 2, LAZAREVAC ] Recommendations: Read recommendations; Write recommendation

Fun casino Srbija, Fun casino in Srbija, Fun casino Beograd, Fun cas

USC  Sample white pages data Sample yellow pages data
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

) Draw Street Manually ( ADD MORE )

_ Label Streets Manually
— Import KML File
Street Assigned: Nikole Spasica,Cara Lazara X e O : = e L
Click submit button if I am Non-Intersection building!: . Load OpenStreetMaps Data
( Submit )

STEP 3: IDENTIFY BUILDING
LOCATIONS

® Draw Points m )
_ Draw Polygon ( m
_ Import KML File

Process LIDAR Data
_ Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

{*) Predict Intersection Buldings
: Exploit Constraints

< Exploit Map Sources

OTHER OPTIONS

LY
\ \

1 Mﬁ { EXPORT KMLs )
- o —

SAVE CURRENT SESSION DATA )
{ LOAD PREVIOUS SESSION'S DATA )
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APPLY CSP REASONING TO MAP  J§F
ADDRESSES TO THE BUILDINGS
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STEP 1: SELECT AN AREA

'~ - . Select an area on map using mouse
O

i

STEP 2: IDENTIFY STREETS

) Draw Street Manually M\
_ Label Streets Manually

_ Import KML File

_ View Maps Online

_ Load OpenStreetMaps Data

| 2A-Uskocka

STEP 3: IDENTIFFY BUILDING
LOCATIONS

) Draw Points /@ )
_ Draw Polygon ‘/m\
_ Import KML File

Process LIDAR Data
k= Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

_ Predict Intersection Buldings
® Exploit Constraints

3 Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )
(" SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

® Draw Street Manually /VADD MORE )

_ Label Streets Manually
— Import KML File
1. 10-Cara Lazara X ) Yy . = e
2. 3-Nikole Spasica 2 3 : ) — Load OpenStreetMaps Data

STEP 3: IDENTIFY BUILDING
LOCATIONS

®) Draw Points { DONE )

_ Draw Polygon "W\‘
_ Import KML File

Process LIDAR Data
< Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data
- Predict Intersection Buldings
X

**Exploit Constraints
— Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )
(" SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )




EXPLOIT MAPS FOR
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YellowPages.rs

[BM@ nije ovde, moZda i ne postoji.
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Business websites contain maps to depict
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STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

® Draw Street Manually ( ADD MORE )

G s  Label Streets Manually
2.9-Cara Lazara . Import KML File
3. 3.Nikole Spasica ~ X g — View Maps Online
3-Nikole Spasical i b e —~
S ’ > — Load OpenStreetMaps Data
( Submit )
k STEP 3: IDENTIFY BUILDING
LOCATIONS
) Draw Points ('DONE )
_ Draw Polygon (" ADD MORE )
_ Import KML File
Process LIDAR Data
— Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

— Load Phone Book Data

_ Predict Intersection Buldings
s Exploit Constraints

® Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )
{ SAVE CURRENT SESSION DATA )
LOAD PREVIOUS SESSION'S DATA )
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USC Viterbl  LURTHER REDUCE AMBIGUITY . o

STEP 1: SELECT AN AREA

Select an area on map using mouse

STEP 2: IDENTIFY STREETS

Draw Street Manually W )
Label Streets Manually

Import KML File

View Maps Online

Load OpenStreetMaps Data

OO0 ®

STEP 3: IDENTIFFY BUILDING
LOCATIONS

® Draw Points /@ )
_ Draw Polygon /m )
_ Import KML File

Process LIDAR Data

— Import WikiMapia Layer

STEP 4: IDENTIFY BUILDING
ADDRESSES

_ Load Phone Book Data

_ Predict Intersection Buldings
s Exploit Constraints

® Exploit Map Sources

OTHER OPTIONS

{ EXPORT KMLs )
{ SAVE CURRENT SESSION DATA
LOAD PREVIOUS SESSION'S DATA )
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e Described initial work on interactively retrieving,
integrating, and reasoning about about geospatial

data
e Developing a general information fusion framework
that can be applied to a variety of tasks

— Rapid integration of new data sources

— Incorporation of new reasoning methods that can
interoperate on the available data

— User control of the integration process
— Visualization of the results to provide immediate feedback
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