[image: image1.jpg]



University of Münster

Institute for Geoinformatics (ifgi) 

Weseler Strasse 253, 48151 Münster, Germany

Telephone: +49 251 8333083
Facsimile: +49 251 8339763

 An error-aware, automatic 

air quality interpolation service

in the 

GEOSS Architecture Implementation Pilot – Phase 3 (AIP-3)

Kickoff Response Due Date: 3 March 2010

Business POC Prof. Dr. Edzer Pebesma

Technical POC Dr. Theodor Foerster

edzer.pebesma@uni-muenster.de


theodor.foerster@uni-muenster.de

Business POC +49 251 8333081


Technical POC +49 251 8330063

Table of Contents

1 Overview
3
2 Proposed Contributions
3
2.1 Societal Benefit Area Alignment and Support
4
2.2 Component and Service Contributions
5
2.3 Architecture and Interoperability Arrangement Development
6
3 Description of Responding Organization
7



Institute for Geoinformatics response to the GEOSS AIP-3 CFP

1 Overview

GEOSS strives for a system of resources, including data and processes that are loosely coupled through a service architecture based on open standards. The model web is a blue print vision that foresees that ultimately such services can be flexibly coupled to create workflows that convert raw, low-level sensor data into aggregated information that allows various stakeholders to take informed decisions.

A frequently encountered step in building such model webs is the problem that sensor data are obtained only at a limited, fixed number of spatial locations and points in time, whereas information about the measured attribute is needed at another locations and/or time points, or for larger regions. Estimating the measured attribute at the locations/regions/times where/when it is required from the available sensor observations is a process called interpolation. As this process involves estimation, it inevitably comes with estimation errors. Depending on the goals at hand, the estimation errors may be negligible, or they may hinder taking decisions that are sufficiently supported by data. In any case interpolation errors and errors in general, need examination in the next chain of information processing.

The Institute for Geoinformatics (ifgi) seeks to participate in AIP-3 regarding several viewpoints. First, it will provide a demonstration where several components of the model web are chained, and provided to end-users in a user-friendly way. The setup contains a sensor observation service that serves air quality data in near real-time, a web processing service that automatically interpolates sensor data, a client application that allows users to assess estimates and estimation errors in a probabilistic sense, and a client application that transparently translates user tasks into service requests. Second, it will offer access for testing purposes to an open, generic web processing service for the interpolation of spatial sensor data that provides interpolated values along with interpolation errors using open standards. 

As the application area is air quality, the societal benefit area addressed here is health. The generic infrastructure offered could also be useful for other areas, including energy, water, climate and weather.

The interpolation service demonstrated here has been developed in the framework of the INTAMAP EU FP6 project (2006-2009) for which ifgi was responsible for the scientific coordination. Realizing the uncertainty enabled model web is the goal of the FP7 UncertWeb project (2010-2013), in which ifgi is a principal partner.

The Institute for Geoinformatics will not provide public access to the near real time air quality data, as this is a primary task of the European Environmental Agency (EEA). It closely cooperates with EEA on developing the services shown and provided here.

2 Proposed Contributions

The contribution will be a demonstration of a system that is completely built from open source components, that connects SWE components (a sensor observation service), geoprocessing components (a web processing service) and a client for interactive selection of air quality measurements, on-demand automatic interpolation of these data and portrayal of interpolation results and interpolation error distributions. As this system is based on open standards it is able to be integrated into the GEOSS Common Infrastructure (GCI).
The demonstration combines SWE and geoprocessing components in a near real-time information retrieval system. It is built from open source components, and thereby applicable and modifiable for any other case where SWE and processing need to be combined. The components are error-aware, meaning that interpolation errors are not ignored, but reported. The need to provide either on-line (on-demand) or off-line interpolation of near real-time data will be discussed.

2.1 Societal Benefit Area Alignment and Support

The SBA addressed is primarily Health, as that is the most closely related SBA to air quality monitoring. The following Air Quality Tasks in the GEO 2009 – 2011 Work Plan are addressed in particular:

· HE-09-02b: AQ Observations, Forecasting & Public Info

· DA-09-02a: Data Integration and Analysis Systems Alliance

In a wider sense, SBAs are addressed that benefit from

· interactive selection of in situ sensor data from a sensor observations service based on spatial and/or temporal criteria

· (automated) interpolation of in situ sensor data, using the OGC web processing (WPS) service architecture

· visualisation of quantified errors, resulting from errors in input data and or the following processing steps

will be addressed, and these include but may not be limited to energy, climate, weather, biodiversity, water, and disasters.

In general, the AIP does not address the fact that any data collected, and any subsequent analysis or manipulation of data results in data with limited accuracy. Ignoring this accuracy altogether is a common practice, but may lead to suboptimal and ill-supported decisions in case this accuracy is low. Taking uncertainties into account by explicitly quantifying data accuracies and propagating them through data processing operations is a requirement for a well-functioning model web and is the main contribution of this proposal. The interpolation web processing service described in this proposal, and offered for public use here, contributes to the awareness of such information, and points to tools and standards
 for handling information in an uncertainty-aware manner. Based on open standards the discovered uncertainties of current air quality models and data will be available to the GCI and therefore improve the awareness of uncertainty for decision makers and citizens.

2.2 Component and Service Contributions

A service that will be contributed to GEOSS is the INTAMAP automated interpolation service. A publicly accessible instance of this service is offered on dual quad core server; for higher capacity or high-availability purposes the underlying software can be freely obtained and installed anywhere (http://www.intamap.org/). A comprehensive but detailed report of this web service is found in Pebesma et al. (submitted)
.

For setting up the sensor observation service for the near real-time European air quality data, the Institute for Geoinformatics is in close contact with the European Environmental Agency (EEA) and the 52°North Initiative for Geospatial Open Source Software GmbH
.

2.3 Architecture and Interoperability Arrangement Development

A contribution to the BPW will be generated that discusses the application presented here, and gives references and pointers to possibilities to using the emerging UncertML standard when dealing with explicitly quantified uncertainties in data and model chains.

A refinement to the current architecture that is planned to be carried out is the way gridded output are dealt with; this is currently done using the GML rectifiedgrid, but a more convenient way would be to use a transactional web coverage service (WCS-T) to store and serve the generated interpolations when they are on a regular grid. How this can be combined with UncertML still needs to be figure out. Outcomes of this process (UncertML for grid data served through WCS) are in addition relevant for the SBAs weather and climate.

The institute for geoinformatics participates actively in the standardisation work such as of the OGC already for a long time. Ifgi and its Sensor web and Web-based geoprocessing and Simulation Lab (SWSL) have a broad expertise in developing standards and participating in testbeds. Members of ifgi were editors of several specifications at OGC such as SOS, SAS and WPS. 

3 Description of Responding Organization

The Institute for Geoinformatics (ifgi
) is part of the University of Muenster and a well-known center of excellence for geospatial research. With its three full professors it is the biggest institute in Germany of its kind. Ifgi is involved in several EU projects (e.g. Genesis, UncertWeb) and is an active member of the OGC. Ifgi is also founding member of the 52°North Open Source initiative.
Prof. Dr. Edzer Pebesma leads the spatio-temporal modelling lab at ifgi, was coordinator of the INTAMAP FP6 project and co-leads the UncertWeb FP7 Project. 
Dr. Theodor Foerster is research associate at ifgi and is the research coordinator of the Sensor web and Web-based geoprocessing and Simulation Lab (SWSL
). He obtained his PhD degree from ITC, Faculty of the University of Twente, the Netherlands. He is actively involved in OGC testbeds such as the recent OWS-7, in which he edits two engineering reports on geoprocessing. He is also a member of the WPS RWG and the WPS 2.0 SWG at OGC.
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�	Notably, UncertML will be used as an open standard to encode probabilistic data. UncertML is a discussion paper at OGC; see http://portal.opengeospatial.org/files/?artifact_id=33234


�	http://ifgi.uni-muenster.de/~epebe_01/pebesma_etal.pdf


�	http://www.52north.org/


�	 http://ifgi.uni-muenster.de


�	 http://swsl.uni-muenster.de/






