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THE CHALLENGES OF VISUALIZATION

An Information Model for Pedestrian Routing
and Navigation Databases Supporting
Universal Accessibility
Mari Laakso, Tapani Sarjakoski, Lassi Lehto, and L. Tiina Sarjakoski
Finnish Geodetic Institute / Masala / Finland

ABSTRACT
This study focuses on the information content of the geospatial databases used to guide pedestrians as well as those with
disabilities. In this paper we introduce an information model for describing this content. The model covers the physical
environment faced by a person moving on foot. We have used the Uniﬁed Modeling Language class diagrams to formalize
the information model on a conceptual level. The features are divided into two abstract top-level classes: one allowing
pedestrian access and the other hindering it. A consistent and comprehensive pedestrian network is at the core of the
model. The model also covers other geographical information to increase accessibility. The aim of the created information
model is to help data providers to collect and store appropriate data using the appropriate methods.
Keywords: map content, information model, accessibility, pedestrian, navigation

RÉSUMÉ
Cette étude porte avant tout sur le contenu en information de bases de données géospatiales utilisées pour guider les
piétons ainsi que les personnes handicapées. Dans cette communication, nous présentons un modèle d’information aﬁn
de décrire ce contenu. Le modèle porte sur l’environnement physique auquel fait face une personne qui se déplace à pied.
Nous avons utilisé des schémas de la catégorie du langage de modélisation uniﬁé pour structurer le modèle d’information
au niveau conceptuel. Les caractéristiques sont réparties en deux catégories supérieures abstraites : la première qui
permet l’accès par les piétons et la deuxième, qui le bloque. Le cœur du modèle consiste en un réseau uniforme et intégré
pour piétons. Le modèle couvre aussi d’autres renseignements géographiques aﬁn d’accroı̂tre l’accessibilité. Le modèle
d’information créé vise à aider les fournisseurs de données à réunir et stocker les données appropriées en utilisant les
méthodes appropriées.
Mots clés : contenu cartographique, modèle d’information, accessibilité, piéton, navigation

1. Introduction
Accessibility means that people with disabilities have
equal access to the physical environment, transportation,
information and communication technologies and systems,
and other facilities and services (Aragall 2003). In addition,
for the databases required for services supporting pedestrian navigation, attention to the concept of accessible
physical environments is essential. An accessible environment is a place where everyone can participate fully,
equally, and independently without barriers. From the
user’s perspective, importantly, a service should also be
able to provide information about environmental accessibility. This service can be achieved only when the content
in the databases is sufficiently rich.

In many cases, data content is the reason users with disabilities face problems while navigating. The available
data may be incomplete, inadequate in terms of accuracy
and consistency, out of date, or wrongly classified. In previous studies the importance of accurate geographical
information has been proven to be essential for guiding
persons with visual impairments. For example, Roentgen,
Gelderblom, and de Witte (2011) evaluated electronic
travel aids for persons who are visually impaired. The
main points of critique in the evaluation touched on
the weaknesses of geographical information, such as
missing or inaccurate street crossings, the lack of pedestrian footpaths, or an insufficient level of detail of the
data.
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Figure 1. A navigation aid could deliver information about the guiding elements and obstacles of the environment to a
pedestrian with visual impairments
With modern data collection techniques, such as mobile
laser scanning (Kukko and others 2012) and mobile photobased mapping, as well as with the aid of volunteered geographic information, mapping the environment with a
high level of detail is possible. In certain areas, OpenStreetMap has proven how to achieve the required level
of detail. For visually impaired users, it is important to
know the location of safe crossings with acoustic traffic
lights, and many common obstacles, such as bollards and
rubbish bins, should be mapped. The mapping and classification of these types of small objects improves overall
accessibility (Figure 1).
From the user’s point of view, map use is becoming more
and more interactive, and route maps are commonly
used. As stated in the European Concept for Accessibility
(Aragall 2003) and by Harder and Michel (2002), to improve the mobility of functionally disabled persons, a
route planner and route-oriented maps are indispensable.
An optimized route calculation is traditionally based on
parameters such as the travel time or the shortest distance. But users with mobility impairments may prefer a
route with separate pedestrian walkways or walkways
90

with tactile paving. The data in geographic information
databases should support routing with different kinds of
user preferences.
Geospatial databases with rich and categorized content
enable map and navigation applications to help increase
equality by making environments more accessible. Furthermore, the same data benefit all users and may increase
overall physical activity, encouraging people to use means
of transportation other than private cars and improving
pedestrian safety.
This research has been part of a European Union project,
Haptic, Audio and Visual Interfaces for Maps and Location Based Services (HaptiMap). The project’s aim was to
develop multimodal location-based services that are also
accessible to special user groups such as the elderly and
the visually impaired and that support their use of spatial
information (Magnusson and others 2009). The study described in this article focuses on the information content
of geographical databases in guiding pedestrians as well as
those with disabilities. The background of the study is
more extensively described in Laakso, Sarjakoski, and
Sarjakoski (2011).
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2. AccessibilityMap Information Model
Within the HaptiMap project, we have collected a considerable amount of information on user requirements
from studies with the elderly and the visually impaired as
well as hands-on experience from numerous user tests
and demonstrator developments (Carmien and RassmusGröhn 2012; Magnusson, Rassmus-Gröhn, and Deaner
2012). To derive the content of our pedestrian database,
we have applied this knowledge together with the regulations and standards in the field of barrier-free construction and accessibility. In addition, several accessibility initiatives and case studies were investigated, especially in
Kreis Soest, Germany, where a citywide data collection
was performed to create a comprehensive data catalogue
enabling navigation for blind people. The background
and references are explained in more detail in the HaptiMap deliverable ‘‘D4.4, Accessible Map and LBS Content
Guidelines’’ (Laakso and others 2012). Furthermore, the
applicable requirements and recommendations from
‘‘D2.8.I.7, INSPIRE Data Specification on Transport Networks – Guidelines’’ (INSPIRE 2010) have been incorporated into the model. We have called the resulting information model AccessibilityMap.
Data modelling in spatial databases controls the view of
the world that the user receives (Goodchild 1992). An
object-oriented approach is commonly used in the modelling of geographical information. In compiling the AccessibilityMap information model, we have studied the research of Borges, Davis, and Laender (2001) on the
creation of an OMT-G (Object Modeling Technique for
Geographic Applications) data model for geographical
applications in the Unified Modeling Language (UML),
as well as the further development of Borges’s work by
Lisboa-Filho and others (2010) and Nalon and others
(2011) with GeoProfile. We have used the UML class diagrams to formalize the information model at a conceptual
level. The class diagram consists of object classes and relationships between these classes. The model presents inheritance relationships and associations. The attributes of
the top-level class are inherited by the child classes. The
primary aspects modelled for the AccessibilityMap are
spatial geometric elements: point, line, and area representations of various features that are part of the pedestrian
environment.
In formalizing the information on the AccessibilityMap,
our focus has been on pedestrian accessibility. Cycling
accessibility has many similar features, and, accordingly,
we have created a version of the model where the cycling
aspect is also included. That version is not presented in
this paper. The aim is to store the original data (e.g., the
number of steps or the width of the sidewalk) instead of
interpreted or derived information on whether or not
some place is accessible. This type of storage is helpful
because users’ requirements vary; in a navigation system

those differing requirements can be expressed and processed by using user profiles. The features of the physical
environment are divided into two abstract top-level classes:
those allowing pedestrian access (‘‘PedestrianPassage’’) and
those hindering such access (‘‘PedestrianObstacle’’). The
complete AccessibilityMap UML model with relationships
and associations is presented in Figure 2. The model is
described in more detail with attributes in sections 2.1
and 2.2, which present the two parts of the model.
Attributes are additional information attached to geographical objects. Attributes may be information about accessibility conditions, such as surface material and the difficulty and danger levels of a route, or about the temporal
validity of real-world phenomena, such as gates that are
closed at a certain time. The values of attributes may be
used in weighted route calculation. Most attributes are
choices between values that are modelled as enumerations. Figure 3 presents the attribute values typed as enumerations on the AccessibilityMap.

2.1. topological network for pedestrians
The basis of the AccessibilityMap consists of several connected linear or areal elements, which create the pedestrian network. Geometrically, two forms of representation
may be used for features establishing the passable network:
f
f

area objects (usually surveyed with high accuracy)
centreline representations (often an approximation
of the real centreline)

These representative forms can be alternative or parallel
representations of the same real-world object. If both
presentations are used, distinct objects should exist for
each geometric type. In general, the centreline geometry,
together with other linear elements, is used to create the
pedestrian network with links and nodes, which is then
applied in navigation. For line segments, a safe corridor
in which the user can walk freely should be determined.
In situations where a comprehensive, area-wide mapping
of the environment has been achieved, the navigable links
lie inside the passable areas. New approaches are emerging
to support realistic pedestrian navigation for a regionbased definition of routes, which takes into account the
ability of pedestrians to move within areas and not necessarily follow a certain line segment (Wuersch and Caduff
2005).
The pedestrian network includes all possible pedestrian
passage types under the abstract Footpath class. All its
child classes inherit the Footpath class attributes. Common attributes of network links are the name of the
street, the surface material, the condition of the road, the
inclination, the width, and difficulty- and danger-level
definitions. Danger level may arise because of mixed traffic
(bicycles and pedestrians on the same lane), crossings without traffic lights, problems in data reliability, or other reasons that increase the potential for danger. Tactile paving
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Figure 2. The AccessibilityMap information model
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Figure 3. The enumerated attribute values in the AccessibilityMap
may be associated with any type of pedestrian way. For
pedestrian crossings, attributes with information about
divisional islands and under- and overpasses are essential
for safe movement. Landmarks such as schools, libraries,
shopping centres, stations, and so on should be attached
to the network.
The abstract Footpath feature class has the following child
classes in the model:
f Sidewalk: a sidewalk attached to the street, often
separated from street traffic by a kerbstone.
f

f

f

f

f

f

f

Pedestrian crossing: section of a route where pedestrians may cross over a street.
Stairs: section of a route with stairs, which might
have escalators beside them or a ramp for prams
and wheelchairs. The ramp incline is important information for manual wheelchair users. The number
of steps may be shown.
Roadside: The edge of a road network area to create
connections where no pedestrian-designated way is
available.

Footway: a passage apart from road traffic, intended
for pedestrians.
Virtual path: virtual connections that cross open
spaces, such as market squares and parks where no
actual footway exists.

The part of the information model representing a network
passable to pedestrians is shown in Figure 4.

Walking and cycling way: a combined pedestrian and
cycling route separated from road traffic that may be
marked off into bicycle and pedestrian lanes.
Gateway: passages to private courtyards or other
places that have no proper footpath access (may be
only for pedestrians or open for common traffic).

Besides the topologically connected network, the model
also covers other geographical information to increase
accessibility. The geographical objects may appear as
point-, area-, or line-type information.
Landmarks and points of interest are included as important feature types for all types of pedestrians. In this

2.2. other geographical information for
increasing accessibility
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Figure 4. The part of the model describing the pedestrian network
model they are categorized into the same feature class
since their function in navigation and map usage is similar in many cases. We have named this feature class Landmark. A landmark should be attributed with a name and
an address. The Landmark class has an association with
the feature type Entrance, as many public buildings serve
as landmarks and points of interest, and the exact location
of their entrances is relevant information. The entrances
have further attributes such as the address and information about wheelchair access. Landmarks play an important role in orientation, wayfinding, and navigation in
general, and thus the Landmark class has a relationship
with the Guidance class.
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A special feature class ModalityLinkage has been included
for places where the user may change his or her movement modality (e.g., from walking to public transport).
Public transportation stations, bus stops, car parks, and
bicycle parking and racks are considered locations for
modality linkage.
A digital elevation model is part of the required information. A height profile for a route can be calculated with
the digital elevation model. The height information can
also be presented on visual maps to help users realize
how demanding the route may be and, furthermore, help
them to recognize specific places.
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Other smaller and larger objects at the pedestrian level of
the physical environment have been modelled as pedestrian obstacles. Although they all appear as physical obstacles, some of them may also serve as guiding elements.
For this reason, the feature class PedestrianObstacle has
been divided into two categories: Guidance and Hazard.
In both categories objects are grouped by their geometry:
points, lines, or areas. But one feature class, Kerbstone,
has a dual role. For visually impaired and blind pedestrians,
kerbstones are guiding elements, whereas for wheelchair
users and cyclists, high kerbstones act as obstacles. Other
features categorized as hazardous could also act as guiding
elements in some cases, but the starting point for the
classification has been the safety of blind or mobilityimpaired users. Water elements are categorized as AreaHazard features, but they may also serve as landmarks in
certain cases. Lampposts are in the PointHazard feature
class; however, for a person with nyctalopia (night blindness), information about lighting is very helpful when
moving during the dim hours of the day.
It is important to itemize and specify the different types of
objects because, in certain situations, users need to find
them because of their other characteristics (e.g., a mailbox
to send a letter or a bench on which to rest). Also important in wayfinding is being able to confirm one’s location
by matching objects in the real world to the objects on a
map. Elements that appear as potential obstacles only to
blind people but have no function or significance to other
pedestrians, such as poles and plant boxes, may be tagged
to be taken into account only in the case of users with
visual impairments. The part of the model describing
pedestrian obstacles is shown in Figure 5. All objects connected to the pedestrian environment, either physically or
thematically, should be included.

2.3. example data
In this section we give an example of applying the AccessibilityMap information model in data collection. Figure 6
illustrates the information required by a pedestrian walking from A (the Masala railway station) to B (the Finnish
Geodetic Institute). The visualization is presented overlaid
on a high-resolution orthophoto. Even rather small objects are distinguishable in the image. Nevertheless, to
map every detail, fieldwork was necessary.
The route consists of different types of sections. On arrival
at the station, the user walks on a pedestrian way that has
tactile paving on the side warning him/her about the edge
of the rail track. On leaving the station area, the stairs to
the underpass are used to gain access to the other side of
the tracks. A steep ramp is next to the stairs. Then the
route continues as a combined foot and cycling way, and
the surface material changes from asphalt to gravel. On
the incline after the highway underpass, the condition
of the gravel road is poor. From this point, the user is

forced to continue along the roadside since no pedestriandesignated walkway is available.
At the station, areas for modality linkage exist: parking
places and bicycle racks. Guiding elements can also be
seen, such as information boards and signposts. And
Lampposts are marked, which indicates that the station
area and the yard of the institute are lit; implicitly, this
also indicates unlit sections of the route. Furthermore,
point-type objects (rubbish bins, switch boxes, and poles)
are regarded as obstacles along the route.
With the information described above, users with visual
impairments may complete the route if equipped with an
appropriate mobile navigation solution. For a wheelchair
user, the information about the stairs and steep ramp
necessitates the recalculation of the route, using another,
gentler underpass in the opposite direction, to access the
other side of the tracks.
Moreover, with a Digital Elevation Model, the height profile can be calculated for the chosen route (Figure 7). The
representation used here is taken from the HSL Journey
Planner (HSL [Helsinki Region Transport] 2012).

3. Other Issues Related to Accessibility
The quality of data is one of the major issues that affect
navigation by pedestrians, especially those with disabilities.
According to the ISO 19113 quality principles, the following quality components should be considered in spatial
data: completeness, logical consistency, and positional,
temporal, and thematic accuracy (ISO 2002). In particular, the level of detail, completeness, and positional and
temporal accuracy are all crucial for accessibility. Regarding completeness, the whole route, from the starting point
to the ultimate destination, must be accessible for the
user, and also accessibility information must be available
via the navigation service.
Clearly, if the amount of geographical information is
significantly increased, not all information may be relevant for all use cases. In map visualization, we often
need to view our environment at varying levels of detail
(Mackaness, Ruas, and Sarjakoski 2007). Map representations at different levels of detail may also convey the
relevant information and enhance accessibility. With profiles or personal user accounts, one may adapt services
to suit individual users’ needs (Dawidson 2009; Pressl,
Mader, and Wieser 2010). The adaptation could be performed through group-based user profiles (e.g., a profile
for wheelchair users or a profile for blind users) or
through individual profile identification.
Integrated services may improve access to the environment. For example, information on public transportation,
timetables, and bus lines passing certain stops or stations
is valuable to pedestrians. Information about the current
weather conditions could also be very important from an
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Figure 5. The part of the information model describing pedestrian obstacles
accessibility standpoint. In particular, warnings of strong
winds, heavy snowfall, and slippery roads as well as realtime maintenance information on cleaning, sanding, and
snow removal would be important information to incorporate. Timely information such as this would give an
idea of the current accessibility of routes.

of the surroundings. Furthermore, photographs of landmarks are supportive in navigation. Sonic landmarks may
be tagged for users with visual impairments. In addition,
online cameras may communicate current information
about weather and maintenance conditions.

Photographs are an efficient way to communicate detailed
information about the environment. They may be used to
show the exact location of the entrances of buildings and
their accessibility (e.g., by displaying the number of steps).
Georeferenced photo-sharing and street-view services may
help to communicate information about the accessibility

4. Conclusion
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To increase the level of autonomy of people with disabilities – their ability to move around and navigate without
hindrance – information about the accessibility of the
environment should be supported by services related to
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Figure 6. A pedestrian route from the Masala railway station to the Finnish Geodetic Institute
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Figure 7. Height proﬁle of the chosen route
pedestrian routing and navigation. In this paper, we have
introduced an information model for pedestrian accessibility. In the model we have included all real-world
objects that may have an effect on the user’s movement.
These objects are either parts of the passable route network or other elements that guide or hinder pedestrians.
When the data model supports accessibility, it enables
routing that takes different user preferences into account
and increases the overall accessibility.
No model can be all-inclusive, and clearly some modifications are required to adapt the content to local needs
when it is implemented. But the general requirements for
the information model are rather invariant for different
countries and thus can be considered to be of a global
nature. At the same time, the mobile applications for
pedestrian navigation offered by several vendors have an
increasingly global coverage. Initiating work with the goal
of specifying an internationally recognized and standardized information model for pedestrian navigation
purposes, including issues of accessibility, is important.
The information model presented here could serve as a
starting point for this kind of standardization work.
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