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Motivation

The interpretation of spatial language has been hampered
by the lack of a markup scheme

As a result, lack of resources such as corpora and
evaluation methods for systems that process spatial
language

SpatialML is a markup scheme for representing places
mentioned in text and their relationships

The main focus has been on geo-coding of natural
language, i.e., the mapping of geographic references in
text to data in gazetteers and other databases.

sourceforge.net/projects/spatialmli
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http://sourceforge.net/projects/spatialml
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SpatialML Example

a <PLACE id=“1" type=“FAC” form=“NOM”>building</PLACE>
<SIGNAL id=“2">5 miles</SIGNAL>
<SIGNAL id=“3">east</SIGNAL>

of <PLACE id=“4" type=“PPL” country=“TW” form=“NAM”
latLong=“22°37’N 120° 21°’E”>Fengshan</PLACE>

<PATH id=“5" source=“4” destination=“1" distance=“5:mi”
direction=“E” signals=“2 3” frame=“EXTRINSIC”/>

inter 22°40'02.88° N 120°25'13.99" E eléw 1021t . Streaming % Eye alt  20.80 mi

~ Wu-lung
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Multilingual Examples

I live in a [town] some [50 miles] [south] of [Salzburg] in the central [Austrian] [Alps].
b oSl Ul ) g aaei Adiaa Jaa Cened gl Bag (8 7 s il g Ladl) Y Sl

<PLACE type=“PPL” id=1 form=“NOM”> 4i:</PLACE>

<SIGNAL id=2>Jx (i </SIGNAL>

<SIGNAL id=3><s> [SIGNAL>

<PLACE id=4 type=“PPLA” country=“AT” form=“NAM”>¢z »: 3\« </PLACE>

<PLACE id=5 type=“COUNTRY” country=“AT” mod=C>l..ill <PLACE>

<PLACE id =6 type="“MTS”><N| Jua» </PLACE>

<PATH id=7 distance="50:mi” direction=S source= 4 destination=1 signals=“2 3”/>

<LINK id=8 source=1 target=6 linkType=“IN"/>

L= [RAEZION [E€EA] SA 2 [E=SF 23] [£ZF]0 A [500tZ] Hele OL= 0l

<PLACE type=“PPL” id=1 form=“NOM” ctv=“TOWN”>0=</PLACE>

<SIGNAL id=2>50 0t 2 </SIGNAL>

<SIGNAL id=3>Y Z</SIGNAL>

<PLACE id=4 type=“PPLA” country="AT” form=“NAM”>Z =52 =2 S </PLACE>

<PLACE id=5 type=“COUNTRY” country=“AT” mod=“C”>2 A E2|Ol</PLACE>

<PLACE id=6 type="“MTS” >2 L A</PLACE>

<PATH id=7 distance="50:mi” direction=S source= 4 destination=1 signals=“2 3”/>

<LINK id=8 source=1 target=6 linkType=“IN"/>

P
[l
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PLACE TYPES

Coarse-grained, to
make it easier for
humans and
machines to
annotate

Drawn
opportunistically
from

Alexandria
Digital Library
Feature Types
Thesaurus

NGA Geonames

USGS GNIS

MITRE

BODYOFWATER | Rawer, stream, ocean, sea, lake, canal, aqueduct, geyser, elc.

CELESTIAL sup, tmoon, Jupiter, Gerrdrn, ete.

CIVIL Pulitical Region or Administrative Area, usually sub-niational, e g State, Province, certain instances of towns and cities.
CONTINENT Denotes a continent, including ancient ones. 3ee Table 1.

COUNTRY Denotes a country, including ancient ones. 3ee Table 1.

FaC Facility, usually a caichall category for restaurants, churches, schols, ice-cream parlors, bowling alleys, you name it
GRID A grid reference indication of the location, g, MGRS (Military Grid Reference Syster)

LATLONG A latitudeflongitude indication of the location

MTH Mountain

MT3 Range of mountains

POSTALCODE LZipeodes, postcodes, pincodes etc.

PORTBOX P. 0. Boz segtments of addresses

PFL Populated Place (usually concetved of as a pamnt), other than PPLA or FFLC

PPLA Capital of a first-order admimstrative division, £.g., 2 state captal

PFLC Capital of a courtry

RGN Region other than Political/ & dmiristrative Region

RO&D Atreet, road, highway, etc.

STATE A first-order administrative division within a coundry, e.g, state, province, gubernia, territory, etc.

UTM A Universal Transverse Mercator (UTM) format indication of the location

VEHICLE Car, truck train, efc.
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Relations between PLACES

a <PLACE id=“1” form=“NOM” type=“FAC”>school</PLACE> in
<PLACE id=“2” form=“NAM” type=“PPL” latLong=“39.952°N
75.164°W”>Philadelphia</PLACE>

<LINK source=1 target=2 linkType=“IN"/>

RCCS8 Spatial Calculus*

DCxy

@

*http:/iwww.irit.fr/~Philippe.Muller/Publis/ci02.pdf

POxy

NTPPxy
NTPPIyx

TPPyx
TPPIxy

MITRE

LinkType

Example

IN (tangential and non-
tangential proper parts)

[Paris], [Texas]

EC (extended connection)

the border between
[Lebanon] and [Israel]

NR (near)

visited [Belmont], near
[San Mateo]

DC (discrete connection)

the [well] outside the
[house]

PO (partial overlap)

[Russia] and [Asia]

EQ (equality)

[Rochester] and
[382044N 0874941W]

© 2008 The MITRE Corporation. All rights reserv
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Orientations

Direction Example

Code

B [behind] the house

A [above] the roof

BL [below] the tree-line

E [E] of

ESE, WSW,

etc.

F [in front of] the
theater

N [north] of

S [south] of

wW [W] of

MOD Example

Code

B the bottom of the [well]
BR [Burmese] border

C central [district]

E eastern [province]

N [North India]

NEAR near [Harvard]

S southern [India]

T the top of the [mountain]
W west [Tikrit]

MITRE
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MIPLACE Open Architecture

TagSoup

LDC Carafe

ADL

Callisto Gazetteer
SpatialML Protocol

MITRE



Annotation Environment and

Corpora

. Callisto - HEALINGIRAQ_20041108.1942.05,stripped.aif.xml*
File Edit Format Tools Help

= Place Editor

The interim government declared a state of emergency in
excluding the region for 60 days, according to the National
Security Law introduced last August which states that emergency law|
be declared in the m for a period no more than 60 days provideq
serious threat against m national security is recognised by the
interim government.

Obviously, this is a necessary step that should have been taken at
least two months ago. Suicide bombings and guerrilla attacks carried
by insurgents and foreign terrorists based around have esc
to alarming levels particularly during Ramadan.

Deputy governor of Diyalal along with several council members from
were ambushed and killed in south of FERLLEL, an
which has supposedly been ‘cleared' from insurgents a couple of we

Text:

ID: P1-22
Gaz. Ref.: DB 16837396
Comment:
Tvve: | ppL: populated Place

Mod: |

Continent: |

Latifiya Search |GDB... |

County: i raq
State:
County:
LatLong: [33.028°N 44.175°E
Form: .r.IAM
|

Mon-Loc Use: [ ]

Description:

EI Cancel ._ Reset Clear Form

=PLACE "Latifiya” country="I2" form="NAM" gazref="IGDE:16897 396" id="PI-22" lalLong="33.028"N 44.175°E" tyy

| & Place | @ Signal | & Path | © Link |

Filtering:  Match on: |anylvi Direction:

callisto.mitre.org

MITRE

ID i Comment ] Source Destination Signals Frame
Eal | EE15:Baghdad’ (P12 Latifya {81 8
|Pa-2 | PI-25. Ramadi |PH26: fown |s-2

ACE ASC --428
docs

LDC2008T03

ProMED
emerging
diseases-- 100
docs

US Immigration
and Customs
(ICE) -- 121 docs
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Inter-Annotator Agreement

MITRE

Attribute |P R F
Extent 89.32 (954 1923
Form 100 99.14 |99.56
LatLong |[96.51 [57.22 |71.85
Gazref 70.44 |57.17 |63.11

Guidelines

Expertise

Disagreements traced to

Gazetteer Interface

Coverage (not in IGDB, finding via Google)

Query Language (poor or no support for morphology,
transliteration, qualifiers)
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MIPLACE Entity Tagger

a <PLACE id=“1"” form=“NOM”>school</PLACE> in <PLACE id="“2"
form=“NAM”>Philadelphia</PLACE>

1001
801
601
401

201
LT

92.3

F-measure

0 HUMAN(ACE) = MIPLACE(ACE)
B HUMAN(PROMED) & MIPLACE(PROMED)

MITRE

sourceforge.net/pr
ojects/carafe
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MIPLACE Disambiguator

a <PLACE id=“1” form=“NOM”>school</PLACE> in <PLACE id=*2"
form=“NAM” type=“PPL” latLong="39.952°N
75.164°W”’>Philadelphia</PLACE>

a ezW*fk@,M)\
PrG | M)=—2= _
Ze;w:fk(@a,l\/l)

GicGazm)

\ argmaxe caz(m) P(G; [M )/

Log-linear ranker

MITRE

1001

801

601

401

201

O_

F-measure

= MIPLACE(ACE) m HUMAN(PROMED)
MIPLACE(PROMED)

sourceforge.net/projects/carafe
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MIPLACE Path Tagger

A <PLACE id=“1">school</PLACE> <SIGNAL id=“2">two
hours</SIGNAL> <SIGNAL id=“3”>north</SIGNAL> of <PLACE
id=“4”">Fengshan</PLACE>

<PATH id=“5" source=“4" destination=“1” distance=“2:hr”
direction=“N" signals=“2 3”/>

Uses rule-based component that recognizes PLACE tags, signals,
directions, and distances

MITRE



Domain Adaptation

Tests over ProMed

90
Tests overICE
80
70 0.88
60 0.86 / -
S0 0.4 v
40 o 082 / : —+—ICE_only ho
b ?‘* —s— DataMerge
o 0.8 1 7 ModelCombo
200 2 -
‘E_O.TB 1 f Augment
10| w "%“ . sy —*—ACE_only
0.76
° /
0.74
!
0.72

0 50 100 150
% of ICE Data
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Related Work

SpatialML borrows ideas from Schilder et al. (2004) , Garbin and Mani
(2005), and Toponym Resolution Markup Language of Leidner (2006).

SpatialML is compatible with Automatic Content Extraction (ACE) English
Annotation Guidelines for Entities (Version 5.6.6 2006.08.01), specifically
their GPE, Location, and Facility entity tags and the Physical relation tags.
Unlike ACE, SpatialML.:

Grounds mentions with geo-coordinates where possible
Handles relative locations involving distances and orientation relations
Doesn’t group mentions into coreference classes

Doesn’t address metonymy

SpatialML can be integrated with the Geography Markup Language (GML)
defined by the Open Geospatial Consortium (OGC).

SpatialML leverages ISO (ISO-3166-1 for countries and 1ISO-3166-2 for
provinces).

Mappings: SpatialML to KML , and from MetaCarta output to SpatialML.

MITRE
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Conclusions

Developed SpatialML, annotation scheme and
guidelines for geo-coding natural language

Created 3 corpora annotated with SpatialML

Computed the first large-scale evaluations of
guideline-based geo-coding tools

Evaluated methods for porting across domains
Future work:

PLACE id =1 tvpe="COUNTRY " countrv="AT" mod="C" £
BB FI \ ycorian PLACE

MIPLACE Mandarin tagger icoc=oeis mien, mac
PLACE id=3 type="PPLA" countrv="AT" form="NAN "=
T s b PLACE

Integration of SpatialML 3 » i, = o

PLACE type="PPL" id=6 form="NOMI" ctv="TOWN" i F

- own <V PLACE>B
a n d TI me M L PATH id=7 distance=""30:mi" direction=8 source=3

destination=6 signals="2 3
LINK id=8 source=1 target=6 linkType="IN"

“Tell me where X has been

for the past ten days”
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