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Abstract. The automated interpretation of human language descriptions of cur-
rent location has multiple potential applications, most importantly for emergen-
cy services. The paper proposes an approach for user interaction through
graphical and conversational interfaces in which a user interacts with the system
to describe his or her current location and then resolves ambiguities and refines
the description as required in response to system attempts to map it to a spatial
location. The paper also proposes a method for automated interpretation of user
descriptions in human language (English and Portuguese) via a geometric con-
figuration ontology, using both geometric and empirical approaches. Evalua-
tion and refinement of both arms of the research are ongoing.
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1 Introduction

If you find yourself lost in an unknown part of town; witness an accident and need an
ambulance; or get a flat tire late at night in the countryside, you may need to call for
assistance and provide details of your current location. Street signs and addresses are
not always visible, GPS is sometimes unavailable or the signal unreliable; and loca-
tion by mobile phone network is often of insufficient accuracy [15]. Human language
(e.g. English, Portuguese) descriptions of current location are most likely to refer to
visible landmarks, feature types and localities. An example of such a description is: 7
am near McDonalds, on a main road, there is a river to my left and a service station behind
me.

In this paper, we describe a method for the automated mapping of descriptions of
current location in natural language to a spatial query, from which an address or geo-
graphic coordinates can be determined, together with two user interfaces (a mobile
web-based graphical interface and a speech-based conversational interface) to support
user interaction. User input is used to resolve any ambiguity.

We are developing and testing the method with two languages: English and Portu-
guese, to widen the scope beyond a single language and to identify differences that
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arise between language and their implications for the method. In later stages, we will
consider languages that are less closely related.

This endeavor poses a number of challenges: (1) for the user because suitable
landmarks may be limited; (2) semantically because natural language descriptions are
inherently vague, imprecise, contextual and regularly used non-literally (3) computa-
tionally because the description may map to a query that results in either no results or
a large number of results and (4) for data resources, because user descriptions may not
match available data sets. Our focus is particularly on the second of these.

2 Related Work

While there has been extensive work exploring the nature of categories of geographic
features that might be referenced in natural language location descriptions [e.g. 17,
18] and some work has investigated the kinds of descriptions that people use to ex-
plain their locations [e.g. 21, 7], the hierarchical structure of those descriptions [13]
and the identification of place names [e.g. 10, 2, 14]; there has been little work on the
fully automated interpretation of natural language location expressions. The work
that has been done has focused on the interpretation of individual spatial relation
words (e.g. spatial prepositions) or phrases (e.g. the road crosses the park) [e.g. 16,
12]. The Geometric Configuration Ontology (GCO) [19] that is the basis for mapping
onto spatial queries in this paper used qualitative spatial reasoning (QSR) work from a
number of different researchers [e.g 16, 4], and methods to identify locations by com-
bining geometric and qualitative (QSR) relations with approximate boundaries have
also been developed [3, 5]. The specific goal of the current work focusses on how we
can map from human spatial language to QSR relations in ways that incorporate con-
textual factors. Previous research on context has included consideration of the factors
that may result in different interpretations of prepositions [e.g. 1] and the types of
linguistic devices that are used to specify a location [20].

Work on the provision of interfaces particularly focused around helping users to
find their current locations is scarce and is usually considered a task appropriate for
general web-mapping interfaces (e.g. Google Maps), which do not support the kinds
of interactions described in this paper.

3 Graphical and Speech Interfaces

The visual interface for interaction comprises an app for collecting the user position
from the mobile device in use. If satisfactory GPS signals or mobile network location
is unavailable, we allow the user to describe his or her current location. While the
description of location in free text allows the user the most flexibility, there is some
evidence that users prefer constraints in the kinds of format they can use to express
natural language requests [9]. To this end, we are collecting a corpus of examples of
natural language descriptions in English and Portuguese of current user location, from
which we will distill common sub-expression formats to develop a suitable set of
constraints to be used in the graphical interface, in which users will be given a series



of templates to fill in conjunctively, with selection choices to fill in gaps in those
templates (for example, ‘There is a” <geog feature> <spatial relation> me.” could be
used to express: there is a pedestrian crossing in front of me). Preexisting sets of place
names (Geonames®) and geographic features (GEMET?) will be used to populate the
selection choices. If there is more than one possible result from the interpretation
method described in Section 4, the user will be asked to select from a graphically
displayed list of candidates.

The speech interface is designed to substitute for the graphical interface. In this
case the user will describe his or her current location using an unconstrained natural
language description, from which the method described below will attempt to identify
a location that meets the description. The user will then be asked additional questions
through a conversational interface to resolve any ambiguity in the location.

4 Automated Interpretation Method

4.1  Preprocessing of Input

The first stage of preprocessing converts speech into text in the case of input through

the speech interface using third party speech recognition software. Templates (Sec-

tion 3) are used to ensure that user input conforms to a structure that can be processed,

as shown here (described in Extended Backus-Naur Form):

input expression = {[“l am” | “Estou”] , spatial relation , [place name | geographic feature type]]
| [[“There is a” | Existe um/uma [place name | geographic feature] , spatial relation ,

[“me” | ? ]I}
spatial relation = [“opposite” | “on” | “beside” | “behind” | “in front of” | “left of” | “right of” |
“near” | “next to” | “do lado oposto” | “em” | “ao lado” | “atras” | “em frente a” | “a es-

querda de a direita de” | “perto” | “préximo a “J;
place name = names listed in the GeoNames database;
geographic feature type = feature types listed in GEMET or similar ontology;

”|“ ”‘“ ”|“

The second stage of preprocessing involves converting a text input expression that
conforms to the syntax above into (x, spatial relation, y) 3-tuples. For the original
example input expression, we have the following pairs, connected conjunctively since
all are simultaneously true for the observer:

(“x”, “near”, “McDonalds”) A (“x”, “on”, “main road”) n (“river”, “left of”, “x”) n (“service
station”, “behind”, “x”)

In this work, we are most interested in fine scale descriptions of location of the
kind shown here. As discussed in [13], location descriptions are likely to also contain
higher level location information (e.g. in the city of Curitiba, Brazil), which in a pro-
duction system we would establish either from the user or through a low-accuracy
mobile phone network location.

! http://www.geonames.org/
2 https://www.eionet.europa.eu/gemet/



4.2 Mapping onto Spatial Queries

We are testing two different approaches to the mapping of each clause in the conjunc-
tive expression into a spatial query. The first approach adopts the geometric defini-
tions of spatial queries for each natural language spatial relation type described in
[19]. The second approach uses human interpretations of spatial expressions collect-
ed through empirical studies. By finding the most similar natural language expression
for which we have a human interpretation, we can derive an interpretation for a new
expression. This approach has the benefit of considering context and incorporating
non-literal spatial relation descriptions, as manual human interpretations that include a
specific context are included within the method.

Formulation of Queries using Geometric Definitions. The GCO queries conform
to 1SO 13249-3 [8], which is implemented by all major spatial database engines and
geographic information systems. We search for members of the potential locations
data set that have the required spatial relation with the other defined features. Thus
the set of candidate locations for our example are defined as follows:
cl e CL & cl e PL A ST _DWithin(cl,”McDonalds Restaurants”,26) a (ST_Overlaps(cl, “Main
Roads”) =1) A ((ST_Azimuth(cl,”Rivers”) < 0) A (ST_Azimuth(cl, "Rivers”) > 0+ ))
A ST _Angle(ST_Azimuth(cl, “Service Stations”), ©) > /2
Where ¢ is a constant [See 3] and O is the direction that the observer is facing. Since
the observer is human and can move at will, ® is arbitrary, but must be the same for
all clauses in order for the spatial relations to all of the different features to be con-
sistent. Figure 1 illustrates the example scenario.
Left of and behind are difficult to convert into que-
ries given that they are egocentric relations, referring
to the current direction of the observer. For the pur-

l N pose of finding his or her location, the observer’s cur-

A B rent direction is not important, but in this case, the

relationship between the observer and the river, and

the observer and the service station, tell us something

’ about the relationship between the river and the ser-
vice station that may be important.

Formulation of Queries using Empirical Data. On
Figure 1: Candidate Locations is an example of a spatial relation whose interpretation

is very context dependent. The house is on the island,
the shop is on the main road and the boat is on the river all describe quite different
spatial relations, and this cannot be handled by simple geometric models for a given
spatial relation as described above. For this reason, we develop a method in which
the spatial relation expression including feature types, is matched to a similar expres-
sion in a knowledge base of human interpretations of spatial relation expressions. We
are testing three different similarity matching expressions: direct term; ontology-
based and Wordnet-based. If a sufficiently similar match is found in the knowledge
base, we use the GCO concept for the most semantically similar expression in the




knowledgebase. For example, on main road most closely matches the very near (a,b)

GCO concept, rather than the substantially collocated (a,b) GCO concept used for the

on spatial relation in the geometric method, thus:

cle CL & cl e PL A ST DWithin(cl,”McDonalds Restaurants”,26) A ST DWithin(cl,”Main
Roads”,0) an ((ST_Azimuth(cl,”Rivers”) < 0) A (ST_Azimuth(cl, ”Rivers”) > 012 m)) A
ST Angle(ST_Azimuth(cl, “Service Stations”), ©) > /2

4.3 Resolution of Ambiguities

The final stage involves user confirmation of the selected location. The speech inter-
face confirms or clarifies the location through landmarks and routes as important
elements of human wayfinding [11]. We use a hierarchy of landmark types to identi-
fy the most prominent landmark that is within a specified distance of the candidate
location. If there are no landmarks available, the geometric layout of features is used
(intersections, bends in roads, building corners, etc.). The graphical option presents
the user with a map of each candidate area showing the landmarks in the region as
well as the features mentioned in the original location description and asks the user to
confirm or select an alternative.

5 Conclusions and Further Research

Open questions that are being explored as part of this research include the best
methods for user interaction both visually, through written input (e.g. the degree of
constraint) and verbally, and further extension and refinement of the interpretation
method is ongoing, to include additional components (e.g. adjective descriptions,
inter-object locations).
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