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ABSTRACT:

Spatial data is one of the most critical elements underpinning decision making for many disciplines. Accessing and sharing spatial
data have always been a great struggle for researchers. Spatial data infrastructure (SDI) plays a key role in spatial data sharing by
building a suitable platform for collaboration and cooperation among the different data producer organizations. In recent years, SDI
vision has been moved toward a user-centric platform which has led to development of a new and enriched generation of SDI (third
generation). This vision is to provide an environment where users can cooperate to handle spatial data in an effective and satisfactory
way. User-centric SDI concentrates on users, their requirements and preferences while in the past, SDI initiatives were mainly
concentrated on technological issues such as the data harmonization, standardized metadata models, standardized web services for
data discovery, visualization and download. On the other hand, new technologies such as the GPS-equipped smart phones,
navigation devices and Web 2.0 technologies have enabled citizens to actively participate in production and sharing of the spatial
information. This has led to emergence of the new phenomenon called the Volunteered Geographic Information (VGI). VGI
describes any type of content that has a geographic element which has been voluntarily collected. However, its distinctive element is
the geographic information that can be collected and produced by citizens with different formal expertise and knowledge of the
spatial or geographical concepts. Therefore, ordinary citizens can cooperate in providing massive sources of information that cannot
be ignored. These can be considered as the valuable spatial information sources in SDI. These sources can be used for completing,
improving and updating of the existing databases.

Spatial information and technologies are an important part of the transportation systems. Planning, design and operation of the
transportation systems requires the exchange of large volumes of spatial data and often close cooperation among the various
organizations. However, there is no technical and organizational process to get a suitable data infrastructure to address diverse needs
of the transportation. Hence, development of a common standards and a simple data exchange mechanism is strongly needed in the
field of transportation for decision support. Since one of the main purposes of transportation projects is to improve the quality of
services provided to users, it is necessary to involve the users themselves in the decision making processes. This should be done
through a public participation and involvement in all stages of the transportation projects. In other words, using public knowledge
and information as another source of information is very important to make better and more efficient decisions. Public participation
in transportation projects can also help organizations to enhance their public supports; because the lack of public support can lead to
failure of technically valid projects. However, due to complexity of the transportation tasks, lack of appropriate environment and
methods for facilitation of the public participation, collection and analysis of the public information and opinions, public
participation in this field has not been well considered so far. This paper reviews the previous researches based on the enriched SDI
development and its movement toward the VGI by focusing on the public participation in transportation projects. To this end,
methods and models that have been used in previous researches are studied and classified initially. Then, methods of the previous
researchers on VGI and transportation are conceptualized in SDI. Finally, the suggested method for transportation projects is
presented. Results indicate success of the new generation of SDI in integration with public participation for transportation projects.

1. INTRODUCTION

Spatial data have become increasingly important with the
development of technology. The public sector, private
companies and all people attempt to collect, produce and use
spatial data. Therefore, due to importance of the spatial data in
various fields, particularly the transportation, spatial data
sharing is an essential issue. Spatial Data Infrastructure (SDI)
has the key role to facilitate spatial data sharing by providing an
environment for essential collaboration and cooperation among
the different organizations (Toomanian 2012). SDI initiatives
support users in performing different tasks such as to acquire,
process, analysis, share, distribute, use, maintain and preserve
spatial data in a standard way. SDI concepts have been
constantly evolving. The evolutions have been done due to
social changes, increasing awareness about the importance of
spatial data and technological advancements since their
beginning in the 1990s (Henning et al. 2011). In recent years,
SDI vision has been moved toward a user-centric platform

which has led to development of a new and enriched generation
of SDI called as the third generation. While in previous SDI
models, users only receive data; in user-centric SDI, users can
play a more active role and can simultaneously interpret and
produce data (Budhathoki et al. 2008). Therefore, user-centric
SDI is designed based on the wuser’s requirements and
preferences (Sadeghi-Niaraki et al. 2010).

The term Volunteered Geographic Information (VGI) first
time was used by Goodchild to describe the diverse practices of
observing, collecting and producing geographic information by
ordinary citizens that have different expertise in spatial domain
(Goodchild 2007). VGI have potential to develop SDIs for
scientific and policy-support purposes (Alvarez et al. 2010).
VGI provides a massive source of information that cannot be
ignored. This information can be used to complete gaps in
official data including cheap and up to date information
(Nufiez-Red6 et al. 2011).
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Collaboration and coordination between the transportation
organizations and relevant stakeholders such as the Department
of Environment, Forests, Range and Watershed Management,
Cultural Heritage and Tourism can facilitate the transportation
projects. To this end, spatial data sharing is an important and
also difficult issue. It is difficult, because transportation
organizations use different data sets and software tools to
support planning, design, construction, maintenance and
operation of the transportation systems. But currently, there is
no technical and organizational process to achieve an
appropriate data infrastructure to handle diverse needs of the
transportation. Therefore, development of common standards
and simple data exchange mechanisms are strongly required to
support effective decision making in transportation projects.
Hence, spatial data infrastructure can be an ideal solution.
Transportation decisions are made with the goal of improving
the quality of life of citizens. Therefore, public involvement is
an integral part of the transportation projects which helps to
ensure that decisions are made by consideration of benefits
needs and preferences of the public. However, due to
complexity of the transportation tasks, lack of appropriate
environment and methods for collection and analysis of the
public information and opinions and facilitation of the public
participation, public participation in this field has not been well
considered so far.

The goal of this paper is to investigate VGI and SDI integration
approaches for introducing a data infrastructure that facilitate
coordination between the different organizations and public
participation in transportation projects. To accomplish this
goal, after explaining the user-centric SDI concepts, some
methods and models of VGI and SDI integration previous
researches are classified. Then, previous researchers on public
participation in transportation works are conceptualized in SDI.
At the end, effective procedures for new road construction
project in order to select the best route is proposed.

2. Spatial data infrastructure

Usage all available spatial data have been affected several
challenges in spatial data collection, storage and distribution.
To overcome different aspects of the current challenges in
spatial data handling, Spatial Data Infrastructure (SDI) has been
introduced. An SDI is a collaborative environment for
managing, storing, and exchanging spatial data (Toomanian
2012). It is described as the underlying infrastructure, often in
the form of policies, standards and access networks that allows
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data to be shared among people within organizations, states or
countries. The fundamental interaction between people and data
is governed by the technological components of SDI
represented by the access network, policies and standards
(Rajabifard et al 2003). Fig.1 shows dynamic inter-relationships
between the people and spatial data within an SDI.
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Figurel. Nature and relations between SDI components (Rajabifard et
al 2003)

2.1. User-Centric SDI

With social changes, increasing awareness of importance of the
spatial data and technological advancement, SDI concepts have
been constantly evolving (Henning et al. 2011). The evolution
of spatial data infrastructure can be divided in three
generations, data-centric, process-centric, and user-centric
(Sadeghi-Niaraki et al. 2010). Fig. 2 shows these three
generations of SDI.

In the past, SDI initiatives concentrated mainly on
technological issues such as data harmonization, standardized
metadata models, standardized web services for data discovery,
visualization and download (Henning et al. 2011). Preferences
and requirements of users were not considered in these
initiatives. Full potential of SDI in supporting spatial data
sharing by users including the organizations and public, can be
achieved only by the user-centric SDI that concentrates on
users requirements (Henning et al. 2011).

The new paradigm of a third generation SDI is a platform
which pays more attention to the needs of the users. In contrast,
the first generation of SDI mainly concentrated on data
collection and sharing, the second generation of SDIs focused
on services and was based on specifications of the available
data. In both cases, the final resulting infrastructure was not
fully based on the user preferences (Lanz 2011).
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User-centric SDI
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Figure 2. User-centric view acts as a key element of 3" generation of SDI (Sadeghi-Niaraki et al. 2010)
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While in the previous SDI models, users only received data; in
user-centric SDI, users can play more active role and can
simultaneously interpret and produce data (Budhathoki et al.
2008). Involvement of the user community in this process
triggers a remarkable increase in user participation as compared
to the previous concepts. In the first generation SDI‘s data was
gathered by the governmental agencies and supported by
various organizations. Second generation SDI started to involve
users more closely in the development and implementation of
the services. However, users don’t play beyond the active
recipient in the process-centric SDIs (Budhathoki et al 2008)
and the user’s interests for services/infrastructure designs are
not fully considered. User-centric SDI is designed based on the
users’ requirements and preferences (Sadeghi-Niaraki et al.
2010) and spatial data needed are gathered by the active
participation of public in addition to organizations. Therefore,
public participation in producing and sharing of the spatial data
is essential and key element in user-centric SDI.

2.2. VGl in SDI

Recent advancement in web 2.0 technologies and GPS-
equipped devices have provided participatory environment that
have enabled ordinary citizen to produce and share spatial
information. These advancements in information technology
have converted the users to spatial data providers. These
activities have created Volunteered Geographic Information
(VGI) concept (Diaz et al. 2012). VGI have been used to
describe the diverse practices of observing, collecting and
producing geographic information by ordinary citizens that
have different expertise in spatial domain (Goodchild 2007). In
other words, VGI is voluntarily gathered by citizen. Distinctive
element of VGI as compared to conventional information is that
contributors are not trained in spatial concepts (Ho et al. 2010).
VGl is a different approach from traditional ways of producing
and sharing information.

VGI can be considered as alternative source in SDI to
complement, improve and update the official information.
Hence, results that are obtained from these SDI initiatives for
geospatial analysis and decision support tasks are improved
(Diaz et al. 2012a). Various researches have been done for
integration of Web 2.0 resources within the SDI context.

Budhathoki et al. (2008) have Reconceptualized the role of SDI
user from a passive recipient to an active information actor
(which they called ‘produser’), that allows users to produce and
share geographic Information. Castelein et al. (2010) have used
SDI components as a common framework to describe the main
characteristics of VGI and to explore relations between the SDI
and VGI. Coleman (2010) described risks and opportunities of
VGI as a viable means of updating and enriching authoritative
databases. Finally important questions are proposed that
authoritative providers should answer when they consider VGI
as a source of SDI. Mooney et al. (2011) explained some VGI
problems (metadata, the nature of collaborative contributions,
and data scale issues) that must be solved before becoming an
active actor in SDI. Alvarez et al. (2010) empirically analyzed
local SDI in the context of social networks: Facebook,
MySpace, and Twitter.

Ho et al. (2010) proposed a conceptual framework including
SDI geoportal. This geoportal has new elements such as wikis,
mashups snd tags in its interface to support VGI characteristics.
Sabone (2009) investigated the enabling technologies affecting
the accuracy of VGI and specifying accuracy compliant with
the Canadian Geospatial Data Infrastructure  (CGDI)
accuracy standards and designed a framework for integrating
VGI into the suitable authoritative CGDI datasets that is based
on methods for updating and validating data. Paudyal et al.
(2012) presented a conceptual framework for how the spatial
data infrastructure and catchment management activities are
interlinked and how volunteered geographic information can
contribute for catchment management activities.

Diaz et al. (2011) developed a distributed architecture based on
the INSPIRE principles and extended with a Service
Framework component to improve integration and development
of data resources into SDI. This architecture assists users to
wrap their own resources as the standard web services. Miranda
et al. (2011) proposed a SDI architecture with new components
of collaborative architecture for registration and administration
of the volunteered geographic information on SDI data at the
municipal level. Nafiez-Red¢ et al. (2011), Diaz et al. (2012a)
and Diaz et al. (2012b) developed traditional SDI architecture
with a middleware component that provides homogeneous and
standard search interface to retrieve and integrate data from
social networks and crowdsourcing platforms into SDI
databases. These works are classified into 4 groups as described
in Table 1.

Table 1. Classification of past works on VGI and SDI integration

Classification

Description

Concepts of relations between SDI
and VGI

Describing concepts, challenges, opportunities and relations between
SDI and VGI (Castelein et al. 2010), (Coleman 2010), (Mooney et
al. 2011), (Alvarez et al. 2010), (Budhathoki et al. 2008).

Conceptual Framework

Conceptual framework for considering VGI as a source of SDI are
proposed (Ho 2010), (Paudyal et al. 2012), (Sabone 2009).

Data based integration

Users can deploy their own geographic information into SDI
databases (Diaz et al. 2011), (Miranda et al.)

Network based integration

Users can search in VGI sources, in addition to SDI databases
(Nufiez-Red¢ et al. 2011), (Diaz et al. 2012a), (Diaz et al. 2012b).
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3. Public participation in Transportation

The main purpose of transportation projects is to improve the
quality of services provided to users. Therefore, it is essential
that those affected by transportation decisions take part in the
planning process in some way. Public involvement brings
diverse viewpoints and values into the decision-making
process. This process enables agencies to make better informed
decisions through collaborative efforts and builds mutual
understanding and trust between the agencies and the public
they serve. Public participation in transportation projects can
also help organizations to enhance their public supports;
because lack of the public support can lead to failure of
technically valid projects. In variety of transportation related
activities, including the planning, formal policymaking,
program and service design, and evaluation are important to get
public participation in their process. Public participation in
transportation projects takes a range of forms, from simply
informing stakeholders about decisions, to considering their
concerns in programs or policies under consideration, to
involving them in producing and sharing data.

There is no a single formula for ensuring better public
participation. Like transportation services or infrastructure,
public participation needs to be designed for a particular
context.

Various researches have been carried out in different fields of
transportation, including the traffic planning (Wahl 2012), (Li
2013), safety programming (Kowtanapanich et al. 2006),
intelligent transportation (Ali et al. 2012), (Lu 2009), routing
(Shah et al. 2011), (Efentakis et al. 2012), (Stenneth et L. 2011)
and environmental impact assessment (Alagan 2007). Table 2
demonstrates these research domains in public participation for
transportation and describes their usage.

Table 2. Public participation in transportation domains

Domain Usage
Collect real-time traffic
Traffic Planning information using  smart
phones

Inform/ report the locations
with poor safety performance
(accident)

Safety Programming

Intelligent
Transportation

Collecting intelligent
transportation information

Reducing travel time by
reporting congestion, incidents,
crime incidents, events.

Routing

Representing  social and
environmental issues of new
highways to people

Environmental
Impact Assessment

Previous researches in different fields of transportation have
shown to require coordination and data sharing between various
stakeholders. These stakeholders can be transportation

organizations, other related organizations to transportation
project, private sectors and ordinary citizen with specific
interests. For example, in addition to transportation
organizations, police and forensics need the road events in
safety programming. Information related Department of
Environment, Forests, Range and Watershed Management
Organization, Cultural Heritage and Tourism Organization are
needed for environmental impact assessment. Therefore, SDI
can facilitate coordination between various stakeholders
including private and public organizations and general public.

4. SDI-VGI based method for selecting the best route

Transportation planning plays key role in the economic
development of the regions. This fact has led to increasing
demands to construct and extend highway systems. However,
ecological and social impacts associated with transportation
projects, have also generated a more critical attitude towards
the large transport infrastructure projects by non-governmental
organizations as well as the general public (Keshkamat et al.
2009). Identifying these impacts before implementing projects
can help planners and decision makers to select a route that has
the greatest positive impacts and the lowest negative impacts.

In transport route planning generally one or a few alternative
routes are proposed. The process of selecting the best route for
new road construction, is carried out with the environmental,
social and economic evolution of alternatives, in addition to
considering technical transportation criteria.. This process can
fail without considering the cultural, social and economic
patterns of the region, suitable programming for public
participation in transportation planning and coordination
between the different organizations (e.g. Department of
Environment, Forests, Range and Watershed Management
Organization, Cultural Heritage and Tourism Organization). In
addition, lack of sufficient or updated information about the
environment, social and cultural aspects of the region is one of
the important problems. Therefore, spatial data infrastructure
for developing common standards and data sharing mechanism
between different organization, and public participation through
producing and sharing spatial data and providing decision rules
in order to complete data sources and to improve decision
making can be considered for selecting best route. In other
words, SDI and VGI integration can provide a good solution for
selecting the best route for new road.

As shown in Fig. 3, the required data for selecting the best route
are provided from SDI sources by coordination between
different organizations and from VGI sources (after evaluating
their quality). Initial analyses of these data are carried out for
use in decision making process. Then, decision rules that are
defined by experts as well as people are imposed on data
according to the criteria affecting the best route selection, and
thus, vulnerability maps are obtained for each alternative.
Vulnerability maps are analyzed and finally best route
alternative is selected that has lower environmental, social and
economic impacts as well as high performance in technical
transportation criteria. This method considers public concerns
and also coordination between the different organizations. It
shows many advantages such as the cost reduction in data
production and increase of the public satisfaction.
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Figure 3. User involvement and coordination between different organizations for selecting the best route

Conclusions

Spatial data infrastructure concepts is continuously evolving.
Recently, new and enriched generation of SDI has emerged.
This generation is based on the user centric platform and
considers ordinary citizens as producers of spatial data.
Ordinary citizen can produce and share spatial information by
recent technologies such as web 2.0. This information that can
be named VGl is valuable source.

User-centric SDI has prominent role to increase public
participation and to consider VGI as data source of SDI by
considering needs and preferences of users into its design stage.
VGI as source of SDI can be used to complete and update the
available data.

For selecting the best route for new road construction project,
SDI and VGI integration based method can have many
advantages. Because it can provide a standard environment that
facilitates coordination between different stakeholders
including the private, public organization and general public. It
also reduce costs in data production and increase of the public
satisfaction. Therefore, selecting best route by this method have
less conflicts of citizen, more compatible with environmental,
social and economic issues.
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