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EDITOR’S  PREFACE 
 
 
The 1st International Geomatics Applications “GEOMAPPLICA” Conference includes the 
current and ongoing research activities and advances in Geomatics. Earth sciences focuses 
on real world problems, not only of individuals or working groups from the public or private 
sector, but also from organisations, research institutes and universities around the world. The 
use of Geospatial Data is the rising force to the various applications of Geomatics, covering 
sciences spanning from conventional Surveying to Global Mapping Systems, Aerial 
Photography to High Resolution Satellite Imagery Processing and Spatial Data Analysis to 
Geospatial Programming. The conference has been designed to encourage the exchange of 
ideas and knowledge between diverse groups of the scientific community concerned by 
current research initiatives in Geomatics.  
 
A total of 51 manuscripts are included in the proceedings. Participants from 14 different 
countries contributed their work to the conference. The book of abstracts is published in a 
hard copy volume with an ISBN number, whereas the full papers have been edited and 
appear in form of e-proceedings in a CD-ROM with a separate ISBN number.  
 
The papers have been arranged in the following 13 thematic topics: 
Natural Disasters (11) 
Geospatial Data & Analysis (4) 
Laser Scanning (2) 
Land Property (2) 
Geophysics (2) 
Urban, Rural & Regional Planning (7) 
Cultural & Natural Heritage (1) 
Architectural Engineering (1) 
Geographic Information Systems & Spatial Management (6) 
Remote Sensing (7) 
Civil, Environmental Engineering & Management (5) 
Positioning - Navigation (2) 
Cartography (1) 
 
The editor would like to thank: 

 the organising committee; 
 the scientific committee; 
 the keynote speakers; 
 the sponsors for their financial support; 
 the authors of the papers for their scientific contributions; 
 the reviewers of the papers for their invaluable assistance in order to ensure high 

scientific standards; 
 all participants for their involvement in the exchange of knowledge, know-how and 

ideas, which is the essence of this conference; 
 Grafima publications for their contribution.  

 
Prof. Dr. Konstantinos Perakis 
Editor of the proceedings of the “GEOMAPPLICA 2014” Conference 
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From Spatial Data Infrastructures to Planning Support Systems  
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Abstract 
Developments in Spatial Data Infrastructures (SDI) offer spatial planners unprecedented wealth of 
digital spatial data and services, which may be used to support more informed decision-making in 
urban and regional planning. However, these resources are often underexploited due to lack of the 
necessary skills by practitioners, so missing the opportunity for innovation in the planning practices. 
Geodesign is an emerging approach which bridges the gap between spatial planning and design, and 
Geographic Information Science. The main underlying assumption in Geodesign is that geographic 
knowledge and geo-information technologies can support more informed design and sustainable 
decision-making in urban and regional planning. This contribution presents two different 
approaches developed by the authors to research in Geodesign. The first approach concerns the 
development of methodology-oriented 1st generation Planning Support Systems (PSS 1.0) for Local 
Land-Use Planning and Strategic Environmental Assessment (SEA-LLUP). The second approach 
concerns base research for the definition and development of process-oriented 2nd generation 
Planning Support Systems (PSS 2.0). The results aim at demonstrating how Spatial Data 
Infrastructures can be used as a base for Planning Support System implementation in spatial 
governance. 
Keywords: Geodesign; metaplanning; Planning Support Systems; Land-use Planning, Strategic 
Environmental Assessment. 
 
1. INTRODUCTION 
 
Nowadays, developments in Spatial Data Infrastructures (SDI) offer spatial planners an 
unprecedented wealth of digital spatial data and services, which may be used to support analysis, 
design, and more informed decision-making in urban and regional planning. Since the early 
conceptualization in the late Eighties, SDI have been promoted as an innovative way to enable the 
public access and reuse of available Authoritative Geographic Information (A-GI) according to 
common data, technology, interoperability and policy standards. Both the underlying coordination 
and documentation of available resources into SDI may grant professionals and citizens an easier 
access to spatial data for diverse purposes. 
 
Recently, the adoption of the Directive 2007/02/EC, establishing a shared INfrastructure for SPatial 
InfoRmation in Europe (INSPIRE) fostered the development of SDI in Member States and regions. 
SDI may provide beneficial impacts for public administration, developers and planning 
practitioners, and is growingly bringing innovation into environmental protection and the planning 
practices [1]. As a matter of facts, in several Italian regional governments such as Lombardy, 
Tuscany and Sardinia among others, the regional SDI represents the de-jure technical platform and 
knowledge base for the development of spatial planning and governance, eventually affecting the 
content and format of the planning knowledge. These resources are often underexploited due to the 
lack of skills by practitioners in properly taking advantage of SDI, and therefore opportunities for 
innovation in spatial planning are missed.  
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According to the principles of the Rio Declaration in 1992, Agenda 21 [2] strengthen the role of 
information in decision-making as a fundamental dimension for the sustainability of development, 
and the European policies transpose these concepts into the practice of environmental impact 
assessment. The Strategic Environmental Assessment (SEA), introduced in Europe in 2001 by the 
Directive 2001/42/EC, aims to provide high level of environmental protection by the introduction of 
environmental considerations in plan-making according to sustainability principles. SEA can be 
defined as a structured, rigorous, participative and transparent process that is applied to plans and 
programs, in order to ensure the assessment of their potential impact on the environment [3]. 
However, after a decade of its adoption and widespread diffusion in Europe, several issues arose 
about its capability to inform decision-making in regional or local planning process [4].  
 
In the light of these considerations, while traditional planning methods and tools may be outdated or 
lack in competitiveness, new approaches and tools would be a major opportunity for addressing 
SEA issues and for innovation in spatial planning.  
 
Geodesign is an emerging approach to spatial planning and design which bridge the gap between 
planning itself and the Geographic Information Sciences. The main underlying assumption in the 
Geodesign approach is that geographic knowledge and geo-technologies may support more 
informed design and sustainable decision-making by means of project conceptualization, analysis, 
projection and forecasting, diagnosis, alternative design, impact simulation and assessment [5]. 
Central to Geodesign is the concept of metaplanning, which can be defined as the design of the 
planning process through the specification of actors, activities, methods, tools, inputs, outputs and 
workflows [6], in order to improve both process outcomes and its management and implementation. 
The innovation in Geodesign, compared to older planning approaches, falls on the extensive use of 
digital spatial data, processing, and communication resources, and on its different ways of 
implementation.  
 
One possible way to foster its adoption relies on the integration of methods and tools in Planning 
Support Systems (PSS). The concept of PSS was introduced by Britton Harris in 1989 [7] as a user-
friendly microcomputer-based planning system, which integrates GIS, sketch tools and spatial 
models for supporting the planning functions. PSS research produce promising results, however 
their diffusion in the practice is rather limited possibly for a lack in flexibility, thus of adaptability 
to contextual settings of the planning processes.  
 
With the above premises, the paper is organized as follows. In section 2 the current results of a 
research project developed by the authors aiming at applying the Geodesign approach for the 
development of a Local Land-Use Planning and SEA (SEA-LLUP) PSS are presented. This 1st 
generation PSS, or PSS 1.0, can be a viable solution to exploit SDI resources as a support to spatial 
planning in the short-medium term. Then, in Section 3, base research results on 2nd generation PSS, 
or PSS 2.0, are reported: BPM methods and tools have been applied to implement the metaplanning 
concept in the urban and regional planning domain, arguing that metaplanning may both improve 
the process design and management and ease process-oriented PSS development accordingly.  

 
2. THE APPROACH IN THE SHORT-MEDIUM TERM: A PSS 1.0 
Spatial Data Infrastructures and services allow the sharing of official spatial data to support spatial 
planning at the local level; however their potential is not fully exploited. The pilot project on the 
Sardinia case study presented in this section demonstrates an advanced use of SDI spatial data and 
services for spatial planning support.  
 
The core of the contemporary regional planning system in Sardinia is characterized by a Regional 
Landscape Plan (RLP) adopted for the first time in 2006. RLP defines protection rules for landscape 
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safeguard and coordinates local development and municipal Local Land-Use Plans (LLUP), which 
in turn implement the RLP policies. In addition both the RLP and the LLUPs should undergo SEA 
along their preparation.  
 
The spatial governance of the Sardinian planning system is supported since the early 2000s by the 
Regional Government Geographic Information System that provides all the main INSPIRE SDI 
components. The Sardinian Regional SDI (SRSDI) currently offers over 300 data layers and an 
unprecedented availability of spatial information, which can be used for supporting the Geodesign 
approach to address pitfalls in SEA-LLUP. In order to test the potential of the SRSDI as knowledge 
base for Geodesign, a PSS 1.0 prototype for SEA-LLUP has been developed by the authors.  
 
The main features of the PSS allow supporting real-time planning collaboration and interaction 
among stakeholders, and the creation of the outputs, easing the editing of the environmental report. 
Innovative tools have been implemented in the PSS architecture, such as Land suitability Analysis 
[8] to support the real-time design of alternatives through the Sketch Planning tool, which allows 
on–screen hand-drawing using a digital pen and to immediately calculate the impacts of different 
solutions by interactive impact assessment models. These models are based on a structure of 
indicators able to evaluate which alternative design scenario provides better overall performance.  
 
The indicators are implemented according to a Driver-Pressure-State-Impact-Response (DPSIR) 
framework. This framework defines an analytic system to evaluate the interaction between 
environmental and human systems [9]. The Driving Forces (D) define human needs that generate 
Pressures (P) on the environment, and consequently changes in its State (S). The DPS causal chain 
defines the causes [10] of the problem, and their impacts are evaluated through the Impact (I) 
component. The last component, the Response entails different alternative solutions to mitigate the 
impacts and/or provide societal responses to the problems [10]. 
 
Moreover, in the LLUP PSS a Spatial DPSIR (sDPSIR) model was developed implementing the 
DPSIR framework in a Geographic Information System (GIS) [11]. In the sDPSIR many of the 
DPS components are described by the RSDI spatial data themes. Each D-P-S component is 
represented by an indicator or combination of them in order to provide information about the 
system components and their relationships. At the same time the model can be used to populate 
SEA indicators. This way it is possible to fulfill regulation and official guidelines requirements, and 
also to inform interactively decision-making along the plan-making process. 
 
According to the results of the impact assessment, diverse societal responses can be defined as plan 
options or actions in order to mitigates risks and control current environmental processes. The 
results can be used to support the collaboration among stakeholders. In fact, the SEA-LLUP PSS 
provides an interactive dashboard for the live evaluation of indicators performance. The dashboard 
defines automatically new quantitative value(s) for indicator(s) as soon as the planner sketches in 
the interface, enabling the real-time evaluation of the solution taken in the plan. Finally, an 
automatic reporting tool is included in the architecture of the PSS, allowing the inclusion of 
indicators performance through predefined templates in the environmental report.  
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Figure 1. SEA-LLUP PSS: interactive sketch design and dashboard indicators 
 
The SEA-LLUP PSS pilot demonstrates the potential of regional SDI for bringing innovation 
spatial planning methods possibly improving the knowledge base informing the decision-making 
process. Being based on the data of an INSPIRE compliant SDI, the SEA-LLUP PSS may be used 
for any municipality in Sardinia and also easily adapted to other regional context in Europe. 
 
3. IMPLEMENTING METAPLANNING WITH BUSINESS PROCESS MANAGEMENT 
Development in SDI however, thanks to the adoption of interoperability standards may in the future 
support the development of Service Oriented Architecture (SOA) for 2nd generation PSS, fostering a 
shift from methodology-oriented PSS 1.0 to process-oriented PSS 2.0. This shift is based on the 
implementation through BPM of the concept of metaplanning which supports process-orientation. 
Metaplanning can be defined as the explicit design of a planning process and should be introduced 
into plan-making process as a well-defined step. Indeed, metaplanning can increase the 
collaboration among actors and improve the reliability of the outcomes of the process [12]. 
Furthermore, Campagna [6] argues that also responsibility, transparency, and accountability in the 
planning process should be increased, as well as the definition of specific requirements for easing 
process-oriented PSS implementation. The latter purpose could be accomplished by coupling an 
appropriate methodological approach with a technical approach for the implementation of 
metaplanning on an operational level. In this paper the authors propose the use of Business Process 
Management (BPM) techniques as a valid approach for the metaplanning implementation. BPM 
includes concepts, methods and techniques to support the design and the analysis, as well as the 
administration, the configuration, and the enactment of business processes [13]. Hence, BPM can be 
applied to reach two main objectives: on the one hand it can support the process improvement (i.e. 
business perspective: design and analysis), while on the other hand it can simplify the integration of 
external information systems (i.e. IT perspective: configuration and enactment). Therefore, a 
solution for implementing the metaplanning in the urban and regional planning with BPMN is 
proposed. The approach relies on the use of a Business Process Management Suite (BPMS) for the 
modeling of planning process, and on a BPM engine for the orchestration of geo-processing 
services and the integration of external systems. 
 
In a pilot project developed by the authors, Bonita BPM Community Edition v6.3.1 suite was 
chosen as BPMS. Bonita BPM is an open source platform with a complete set of BPM 
functionalities, accessible through an user-friendly interface. In Bonita BPM the configuration of 
the process is supported by connectors, which link data and processing services to the process 
activities. Connectors may take input from the end-user or directly from the process, and may pass 
the result of the execution to the following activities, or save them in external information systems. 
In the current version of the BPMS, built-in connectors to the most used productivity information 
system and services including messaging, databases, corporate information systems (e.g. CRM, 
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ERP, or CMS), and web services (using SOAP protocol) are available. For example, business 
process tasks can send a pre-defined customized email to the customer using an email connector. 
Unfortunately, accessing spatial data (e.g. WMS, WFS or WCS) and processing services (i.e. WPS) 
requires special connectors that are not provided. Nevertheless, Bonita BPM allows the 
development and testing of new connectors using the Bonita BPM Engine APIs. Hence, the first 
challenge to be addressed in our pilot in order to implement a test-bed for the implementation of 
BPM-based metaplanning and for a 2nd generation PSS platform was to create connectors for 
spatial data and processing services. 
 
Three different approaches have been tested so far in the project, including both complex (i.e. 
desktop applications) and atomic components (i.e. spatial data and processing services). The 
architecture of BPMS with external applications and web services is presented in Figure 2a. The 
examples are based on a single case study simulating a land suitability analysis [8], which can be 
considered as a sub-process of a more complex planning process model (Figure 2b). The sub-
process involves a number of tasks that should be performed in coordination by different actors in 
the organizational environment (i.e. the planner and the decision-maker in this example). The 
execution ordering of activities and the sequence flow among actors, representing the handover of 
tasks, can be finely modeled through BPMN in Business Process Diagrams. During the process 
execution, actors interact with Bonita BPM Portal that provides the end-user interface for desktop 
and mobile whereby actors can manage the assigned tasks.  
 
The first solution enables the integration of existing GIS application. For this purpose a custom 
connector that launches desktop GIS projects during the workflow run has been developed by the 
authors. This connector can be represented as a system script that enables to call desktop GIS 
applications on the end-user working station by executing system commands in the script interpreter 
(i.e. the Windows Command Prompt). This capability may allow the coordination of work among 
people and the assignment of specified activities according to individual roles. In the case study 
example the connector is used to automatically call a pre-configured GIS project in the planner 
platform to execute the LSA. This first approach aims at demonstrating how the integration of 
BPMS and desktop GIS application offers a technical environment able to coordinate collaborative 
activities among the actors of a planning process, supplying GIS (and not-GIS) to the BPMS run-
time functionalities during the workflow execution. This first solution can be considered viable for 
planning support in those cases where the task requires relevant flexible human intervention. 
However, in a number of tasks which may be instantiated in an urban and regional planning 
process, more advanced automation may improve efficiency.  
 

 
 
Figure 2. (a) The architecture of the BPMS. (b) Land Suitability Analysis BPD modelled in BPMN 
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The second solution concerns the orchestration of standardized spatial data and web services 
directly within the BPMS. To this end, a custom connector invoking spatial web services (i.e. WFS, 
WPS) has been developed in Java, in order to enable the spatial services chaining by the BPMS. A 
special connector was developed to create and invoke requests to WPS by reading stored 
information in the process input data, acquiring input feature layers from WFS, and setting 
parameters for WPS execution. In this solution the 52°North WPS with 220+ SEXTANTE 
Processes extension on Apache Tomcat 7.0 was used. In this solution the first four activities are 
performed by humans, then the results are transmitted to the Run Suitability sub-process, which 
performs the WPS operations. The result of the LSA can be loaded in a desktop GIS application or 
can be published as a WFS layer on GeoServer for sharing. The purpose of this second solution is to 
demonstrate the orchestration of spatial web services via BPMS. Unlike the previous example, in 
this case a greater programming effort was required. However, this second solution may open 
further alleys for process-oriented PSS 2.0 development. However, despite current research efforts 
in web services technologies, the required set of geo-processing tools for urban planning is still not 
fully realized as standardized Geoprocessing Services (e.g. OGC WPS implementation) [14]. 
Hence, a third solution was developed to cope with this issue. 
 
The latter approach aims to orchestrate spatial data and web services within the BPMS at the same 
atomic level as provided by the second solution, but involving the use of system script connectors 
and a web-service developed by the authors using Python. A web-service running on Apache 
Tomcat 7.0 executes Python scripts that invoke geo-processing functions and make them available 
via Common Gateway Interface (CGI). At the current stage of implementation of the reject, the 
web-service supplies a number of geo-processing functions including buffer, merge, union, add 
field and field calculator, but any other can be developed alike. Each of these services can be 
accessed by developing custom connectors, which can be represented as python scripts that control 
input and output parameters, querying the geo-processing models via CGI. The third solution may 
overcome issues regarding the lack of manifold functionalities on available WPS, but a great 
programming effort is required for the development of server-side Python scripts and related 
custom connectors. However, the integration of this solution may offer further flexibility to work on 
2nd generation PSS research, until standard WPS will be implemented in more robust server 
applications. 
 
4. CONCLUSIONS 
 
In the last decade European Directives on Strategic Environmental Assessment and on Spatial Data 
Infrastructures generated favorable conditions for innovation in the planning practices. However, 
current pitfalls can be addressed only if the planners will be able to exploit available digital 
information resources to carry on knowledge-based design and decision-making processes. To this 
end, a Geodesign approach may offer reliable methods and tools to develop integrated Planning 
Support Systems. 
 
On the base of these assumptions, this paper proposes two different approaches tested by authors to 
achieve results in the short-medium and in the medium-long term, concerning 1st and 2nd generation 
Planning Support Systems respectively.  
 
On the one hand, the SEA-LLUP PSS shows a possible way to implement the Geodesign approach 
in the practice, and demonstrates how a regional SDI can be used as base for PSS implementation, 
providing a support for sustainable spatial governance. On the other hand, first results on 
metaplanning research shows how a BPM approach could be a viable solution for spatial planning 
process improvement and towards the agile development of process-oriented 2nd generation PSS. 
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