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Abstract: A two-domain approach involving position and location has been
introduced to provide a formal description needed for optimal organization of
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information processing for utilization in Location-Based Services development and

operation. This paper proposes the transformation that connects the two domains
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(position and location), outlines its formal description, and validates the concept

using the Context-Matching method as a paradigm.
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1. Introduction

Location-Based Services are telecommunication
services that assist the natural human inclination towards
orientation and navigation. In order to provide a formal
model of the LBS development and therefore facilitate
the LBS development and operation [1]. The authors in
[2] proposed the two-domain approach, that distinguishes
various phases of the LBS development in position and
location domains, respectively.

Here we advance the approach with a proposal for a
formal description of the transformation between the two
domains using spatial statistics [3] and statistical learning
[4], and spatial information fusion [5], and demonstrate
its validity with the Context- (Map-) Matching method as
a paradigm. A practical realisation is conducted in the
open-source R environment for statistical computing.

2. Problem
background

description and research

Navigation, orientation, and individual and group
mobility have been proven to be one of the pillars of
human civilization and survival. The mobility assistive
services of modern Information and Communication
Technology (ICT) systems gain constant attraction from
both technology and business perspectives. The family of
mobility assistive services based on public mobile
networks and their services (including the mobile
internet, Intelligent Transport Systems, and Internet of
Things) is known as Location-Based Services (LBS), due
to relation to both position in space and relations with
surrounding objects.

In [2] was proposed a new LBS model, related to the
architecture of public mobile networks, that allows for
establishment of generic LBS Quality of Service (QoS)
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description with the QoS guarantees to the LBS users
defined in measurable manner. The model has elevated
Location-Based Services acceptance and proliferation in
the Information and Communication Technologies (ICT)
market, becoming a widely utilised class of services.

The two-domains LBS information model
distinguishing between the two essential realisations of
the place of existence description: position and location,
and the means for their determination. In the two-domain
LBS information model, position and location, as well as
positioning and localisation as the means for their
respective determination, are defined as follows [2].

Position is a description of a place where a mobile
object resides in material world (physical landscape),
providing it is given in an unambiguous manner using the
common reference frame [6, 7]. A position is to be
estimated by measurements in material world, using
methods based on observation of values of dedicated
parameters of physical processes, such as: satellite
navigation (GPS, Glonass, GNSS etc.), network-based
positioning (Cell-ID, E-TOA, RSS etc.) or the others [7,
8, 9]. Method of that kind is proposed to be referred to as
a positioning method. The processes of position-related
information processing and management are considered
to be conducted in position domain [2, 10].

Location is defined as a description of a place where a
mobile  object resides in  contextual  world
(information/location landscape), providing it is given in
an unambiguous fashion using the common location
(information) landscape [2]. In analogy with the
definition of position, location should be defined in
relation to a certain common frame, here firmly related to
context [2].

Every method or procedure aiming to place an object
in contextual world referring to contextual relations with
neighbouring objects in information/location landscape,
will be referred to as a localisation method [2]. The
processes of location-related information processing and
management are considered to be conducted in location
domain [2].
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The information processing for LBS appears to be
more feasible and efficient to perform in location domain
[3]. The information analysis and modelling in location
domain enables: (i) position estimation improvement, (ii)
detection and identification of contextual relations, (iii)
generalised spatial analysis and predictive modelling,
among the other benefits [3]. Earlier developments have
established the LBS framework. Here we present the
formalised view on the role and the features of the
transformation connecting the two domains using spatial
statistics [3] and statistical learning [4], and spatial
information fusion [5].

3. Transformation between and

location domains

position

The transition between the two domains is to be
performed using the appropriate transformation. The
transformation applies to a descriptive set of attributes in
one domain and transforms them into the equivalent set
of attributes in the other one (Figure 1), allowing for an
efficient and feasible information processing as a
foundation for LBS delivery.

1D Name Type

37211 park

485562 | Spuhotina water

46639 forest

91321 | Lipica water

Contextual world
(formal description of objects)

Physical world
(Baska, Krk Island, Croatia)

Figure 1. Physical world vs Contextual world.

Description of an object in position domain (physical, or
material, world) is mostly related to the object's mobility
in a reference frame (coordinate system) in the physical
world. Thus, it comprises the three-dimensional vectors
of position, velocity, acceleration, and a timestamp for
which those vectors are valid, as outlined with (1).

Xphysical *= {x,v,a,t} (1)

The location domain stresses out the importance of
relationship with the other related objects. Thus, the
description of an object in the location domain provides
the information needed for physical modelling of the
object's shape, as well as those creating a context around
the observed object, as presented with (2).

Xcontextuar = L(@Oysical model)(contextual model)}(2)

Relations between the objects are established through
deployment of the concept of the physical distance. In
practice, a three-dimensional Euclidean distance between
two points (x1, yl, z1) and (x2, y2, z2) is commonly
deployed, as defined with (3).

dpuysical = \/(xl —x)2+ (O —y2)2 + (21 — )% (3)

Contextual relationship with the other related objects
is in focus, rather than physical properties of the object's
dynamics. In due course, the information management
differs according to the domain observed. While the
information in the physical domain remains mostly of
numerical nature, the location domain can and do
introduce more complex non-numerical description of

attributes, requiring complex database management,
especially in the case of large data sets. Description of
relationship between locations in location landscape
(contextual world) are again based on distance, although
the concept may be expanded vastly with combination of
the physical distance and contextual (location distance)
[3, 12], and utilisation of Tobler’s First Law of
Geography: ‘Everything is related to everything else, but
near things are more related than distant things. [13]. In
the implementation of Tobler’s First Law of Geography,
proximity and distance may be measured in relation to
contextual sense, such as using the information entropy
measures [14]. Spatial statistical measures of relationship,
spatial autocorrelation tests (Moran’s I Test and Lagrange
Multiplier Test) and spatial classification [3, 4], may be
applied regardless of the initial distance definition.
Positioning and localisation, as the measurement-
founded methods for estimation of the place of the
observed object in the respective domains, develop the
estimation uncertainties as unavoidable side effects. The
positioning  estimation uncertainty is commonly
expressed using numerical error estimates, while
localisation errors develop more complex nature driven
by the properties of the contextual segment in question.

In general terms, the localisation errors are expressed
more illustratively using parameters that describe the
information lifetime, the level of trust in the information
content, or the relevance to the contextual subset needed
for a targeted LBS.

4. Demonstration of the proposed concept

Context-Matching method is a general term for a set
of methods that match an experimental set of single-point
positions establishing trajectory with the contextual
details. Map-Matching method is an example of the class,
a geometric method aims at improving position
estimation through identification of usage of the known
transport  infrastructure (roads, railways, canals,
utilisation of public transport etc.). It is frequently used to
improve the satellite navigation position estimates
through assessment of compliance with transport
infrastructure for targeted groups of users.

Here we argue that Map-Matching (MM) method can
be understood as a paradigm for a transformation
between position and location domains. The MM method
utilises the knowledge of position estimate of mobile
objects and the knowledge of transport infrastructure.
Both inputs are affected by measurement uncertainties
and should be transferred into the same domain in order
to allow for meaningful processing and provision of
valuable services. The MM method transforms the inputs
into the same domain, preserving the knowledge and
creating the environment in which estimation error
inherited from position domain (physical world) can be
disregarded, providing they are not exceeding the level of
QoS established for the observed family of Location-
Based Services [1, 15]. For instance, the LBS that
informs a mobile user about the approximate position of
the nearest petrol station will work with the expected
quality regardless of weather the position estimation is of
the level of 0.2 m, or 2 m.
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Transformation using the MM method will reduce the
overall space of contextual information to the level
needed to satisfy the quality of the specific Location-
Based Service [1]. The service QoS leveraging can be
seen as the another advantage of utilization of the two
domain approach in the LBS development [1]. We
demonstrate the usefulness of the Map-Matching method
in the case of matching the observed trajectory of walking
along the promenade in the Old City of Baska, Krk
Island, Croatia, with the known contextual data base
(Open Street Map, 2021) with the results, as depicted in
Figure 2.

thirojice :

Taxi Boat
King

Sea Explorer

et

Leaflet | © OpenStreetMap contributers, CC-BY-SA

Figure 2. Matching GNSS-based trajectory observation with the
actual contextual information.

Demonstration in Figure 2 is obtained using a tailored
software developed in the R environment for statistical
computing, its leaflet library, background map based on
(Open Street Map, 2021) spatial data, and the
experimental data collected by a Motorola moto One
Action smartphone GNSS receiver in Summer 2019.
Observed GNSS trajectory is depicted in terms of
measurement uncertainty (+2c) around the estimated
points.

5. Conclusion

The two domain (position- and location-based) model
has proven capability of describing Location-Based
Services formally. After defining the concept and the
essential terms (position, location, positioning, and
localization), here we provide formalism of the transition
between the two domains, given in a sense of general
transformation. The Map-Matching method considered an
advanced positioning method, is proven to act as a
transformation paradigm that connects the two domains,
allowing for better understanding of the LBS
development process, improved operations, and the more
accurate determination of QoS or particular Location-
Based Service.

Future work will concentrate on assembling an atlas
of transformation functions to be utilized in the analysis
and development of particular families (classes) of
Location-Based Services.
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