






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Leibovici DG

A plug-in architecture gives the possibility to extend using RSS, Twitter and Mappiness ... School of Geography, University of Nottingham, U.K .... Geoserver - a Java-based software server that allows users to view and edit geospatial data. ..... Products for Crisis Management (VALgEO), 11-13 Oct. 2010, Ispra, Italy, pp 91-99. 

















 Télécharger le PDF 






 3MB taille
 18 téléchargements
 296 vues






 commentaire





 Report
























Dynamic Surveying Adjustments for Crowd-sourced Data Observations Sergiusz Pawlowicz , Didier Leibovici , Roy Heines-Young Richard Saull , Mike Jackson 1



1



3



2



1



Abstract Advances in positioning, imaging, location-based services capabilities, and broadband connectivity enable public participation in environmental monitoring and decision making in a manner previously only possible for professional scientists. Data collected by volunteers has long been an important factor in environmental programmes, but the difficulties in applying quality control measures and in ensuring an appropriate sample size of observations for a given area limit their scientific value. This paper addresses this challenge in describing a surveying architecture, allowing efficient in-field data collection from a GPS enabled ubiquitous device. The originality of this architecture comes from a real-time analysis of surveyed responses in order to “drive” the survey for optimised precision and validity. Spatial awareness from the surveying engine allows one to modify the sets of questions for each surveyor volunteer as the survey goes along, and even to try to recruit volunteers in the area. As a result this architecture is able to sup port the implementation of a dynamic and directed approach to in-field data collection with real-time quality control driven by an adaptive surveying modelling technique insuring optimised data collection and personalised feedback to users. A plug-in architecture gives the possibility to extend using RSS, Twitter and Mappiness data sources, with other real time feeds, then allowing the adaptive surveying engine to use multilevel multi-sourced sets of information. The paper describes this conceptual architecture and a technical solution for its implementation, independent of the mobile hardware producer, tablets, smart phones, netbooks, laptops, in order to allow the widest public participation opportunity possible. The implementation was tested on Google Android and Apple iPhone devices with a use case coming from the Tranquillity Report of the Campaign to Protect Rural England (CPRE).



1.



Introduction



Unprecedented growth and popularity of ubiquitous devices in last few years, their location based services capabilities, broadband connectivity and ease of use, allow extending public participation (PP) in en vironmental decisions. Environmental datasets collected under rigorous scientific construction, funded by governments or private sector, can be now tested and improved by the public not considered scientifically as `experts' (Seeger 2008). Automatic monitoring stations, although staying more sensitive, could not perceive a natural environment as holistically as humans (Chong and Kumar 2003). Modern devices – smart phones, equipped with Global Positioning System (GPS) sensors – are becoming widely available with Internet connectivity, and could be used for self-driven surveys even by non-qualified persons. Ways in which people perceive their environments through culture, morality and social interaction (Raento, Oulasvirta, and Eagle 2009) can be fed into the expert system containing previously collected in formation, analysed in real-time and brought back through broadband internet to in-field surveyors, multi1
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plying the outcome. The data itself may be photographic records, sound recordings or text input. Currently environmental datasets are usually collected under a rigorous scientific process, funded by governments or the private sector. Because such survey often demands the collection of data in the field by scientists or trained staff the costs can be high and timescales for data collection long (Carver et al., 1995). This in turn often leads to a spatial resolution, spread of time period for the collection and frequency of sampling that is less than ideal especially where an area is experiencing rapid change. Statistical techniques can help in optimizing the nature of the collection, but they are often not sufficient (Conroy and Gordon 2004). Costs, time, and both the spatial and temporal resolution associated with traditional means of environmental data collection using professional surveyors/scientists, can be overcome by using volun teered geographic information (VGI). One of the potential problems of volunteered geographic information (VGI) is ensuring its quality. Innocent mistakes and intentional falsehoods can reduce not only the quality of the information, but also people’s confidence in VGI as a legitimate source of data (Mummidi and Krumm 2008). Poor data quality leads to three major consequences: user dissatisfaction, increased operational costs and employee dissatis faction (Wang, Strong, and Guarascio 1996). Accuracy of data collected during surveys is an important parameter, as on average, about half of what informants report is probably incorrect in some way (Bernard et al., 1984). We propose an architecture solution for location-aware self-driven surveys for environmental monitoring. A knowledge base system, located on a remote server, capable of storing large datasets and powerful enough to interpret partial results to give statistically and qualitatively refined questions, will enable a feedback process which can be repeated several times during the same survey. If there are more surveyors in the same area, the expert system can simultaneously parse and mix collected information enabling the better validation of collected data. This architecture has been tested on a use case based on the “tranquil lity data” (see section 5), which looks at disadvantageous changes of the natural environment (MacFarlane et al., 2004). The previously proposed GIS model used in tranquillity mapping is extended and re-sur veyed as a validation and updating process. The GIS model used in this research is compatible with Open Geospatial Consortium standards.



2.



VGI surveying versus traditional spatial surveys



Understanding and exploiting data and services emerging from online communities is one of the recent challenges of Geographic Information Science. Using the emerging technologies of the social web, GI user roles switched from being data consumers to becoming data producers, then challenging the usability of this generated GI data (Bishr and Kuhn 2007). In most European countries geodata is provided either by public or commercial institutions. On the one hand this procedure is of high quality in the sense of accu racy and homogenous integrity but on the other hand it tends to be very expensive and sometimes out of date so that is not always practical or suitable. Using GPS enabled smart mobile phone technology as a data collection tool deployed by the general public or amateur is another means of data collection often referred to as “crowd-sourcing” or volunteered geographic information (VGI).



Traditional geospatial surveying techniques Strengths  datasets collected under rigorous scientific construction



Weaknesses   



time consuming expensive long path from start to end



 Opportunities



not enough data



Threats



 may be useful to audit the validity on several samples gathered using our dynamic techniques



 probably rare in the future as economy shrinks and results are needed quickly



Table 1 Traditional geospatial surveying techniques Previous publications have reported on the pros and cons of such data as compared to authoritative data collected from recognised survey organisations (Bernard et al., 1984, Jackson et al., 2010). Table 1 summarises the strengths and weaknesses of traditional surveying techniques. Crowd-sourced surveying is not new in environmental studies, but up to now this method of collection carried a lot of uncertainties as de scribed in Table 2.



3.



A dynamic surveying methodology



In order to alleviate the weaknesses of VGI we propose a dynamic adaptive surveying approach, which proceeds by real-time analysis of the data observations collected along with a knowledge base system containing past data, rules and models. The latter can then adapt the survey for each current volunteering surveyor in a spatially-aware way as the knowledge base engine uses all the current surveyors along with the spatial information of the surrounding environment. The detailed properties and potential problems with this approach are listed in Table 3. Crowd-sourced surveying techniques Strengths



Weaknesses



 volunteered information from people motivated in the subject, not only specialists  massive amount of samples



 innocent mistakes  intentional falsehoods  like all computer driven self-surveys, it is harder to achieve uniform quality in the results



Opportunities



Threats



 data could be produced by the “ordinary people” without the barriers of the rigorous traditional survey construction  quick path from start to results interpretation, allowing regular updates



 stability of the computer system fed with unknown amount of data at the same time  user interface limits of smart-phones, user interface incompatibility, excluding part of society from participation



Table 2 Crowd-sourced surveying techniques The dynamic approach improves the VGI surveying process by making it both adaptive and modelbased. Instead of being just collected in-field and stored for further analysis, data are injected into a model (knowledge base), where new observations are compared in real-time with historical data and stochastic 03/08/2011, SergiuszPawlowicz.doc
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expectations enabling validations, corrections and suggestions, allowing a quality controlled survey in order to eliminate errors and optimise quality of outcomes and coverage. The knowledge base system can trigger further data collection in a time-loop, where a remote server validates, identifies possible errors or even removes obvious errors.



Figure 1: Dynamic surveying principle



3.



Geospatial knowledge base system An overview of the geospatial knowledge base system is presented on Figure 1. It is based on open



Figure 2: Technical solution



standards (Lee and Percivall 2008). The whole platform assumes constant Internet connectivity and is based on a client-server architecture. A relatively generic implementation of the Data model of surveying system as shown in of Figure 2 consists of:  Geoserver - a Java-based software server that allows users to view and edit geospatial data. Using open standards defined by the Open Geospatial Consortium (OGC), GeoServer allows flexibility in map creation and data sharing.  Map base layer – geographical context and administration boundaries are based on Openstreetmap (OSM) and Ordnance Survey (OS) raster layers.  PostGIS RDBMS, which adds support for geographic objects to the PostgreSQL object-relational database. In effect, PostGIS "spatially enables" the PostgreSQL server, allowing it to be used as a backend spatial database for geographic information systems (GIS). This two-way engine is the basis for collecting survey results and allows storing and processing data for post-survey analysis.  Surveying smart-phone, Android- or Apple Iphone based devices, with 2- and 3-G Internet connectivity, GPS, a touch-screen and the built-in HTML5 web browser, which enables a direct GPS to browser interface. Dynamic geospatial surveying techniques Strengths  



 



Weaknesses  potential technology limits as weak GPS signal, low transfer or even no internet availability outside urbanized areas



added spatio-temporal dimension transparently to the user possible real-time adaptive surveying when it is required and technically possible (e.g. effective GSM coverage) more appealing involvement from VGI users, improved 'public spirit' of submitted data a dynamic, directed, iterative approach to in-field data collection with real-time quality control Opportunities



Threats



 live dataset refining, possible AI-like system us-  age   dataset may be crowd-sourced or fully professional, depends on the scenario   smart-phone can be connected with other automatic sensors and collected data sent altogether to the geospatial knowledge base to improve quality  it is possible to include multimedia data (geotagged images or video recordings) with the dataset to present it after collection for e.g. illustrative or even machine-processing purposes (image/audio dynamic recognition)  partial results can be mixed with almost unlimited layers of live information, e.g. twitter or RSS
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internet network dependent harder to understand for an average user because of the dynamic content more expensive then static crowd-sourced surveys



feeds  results can be aggregated and presented live for ad-hoc interpretation  can share technology engine, and applied to different research areas, can be useful in both: social and natural sciences



Table 3 Potential of dynamic geospatial surveying techniques The presentation layer is built on OpenLayers Javascript library. OpenLayers makes it easy to put a dy namic map in any web page. It can display map tiles and markers loaded from any source. OpenLayers is a pure JavaScript library for displaying map data in most modern web browsers, with no server-side de pendencies. OpenLayers implements a JavaScript API for building rich web-based geographic applications, similar to the Google Maps and MSN Virtual Earth APIs, OpenLayers is Free Software, developed for and by the Open Source software community. OpenLayers is fully supported by the Geoserver spatial engine.



Figure 3: Information flow The knowledge cascading within the knowledge base is orchestrated using an Open Source stack as il lustrated on Figure 3.



.4. Interoperability aspects Recent advances in Internet technologies, coupled with wide adoption of the web services paradigm and interoperability standards, makes the World Wide Web a popular vehicle for geospatial information distribution and online geoprocessing (Vatsavai et al., 2006). Associated with this shift is a new emphasis



on context-aware computing (Townsend 2006), Neo-cartography spans ubiquitous cartography, user participation and considerations for geomedia techniques. This new expansion of multimedia and internet cartography combines the latest Web developments with traditional cartography and imagery research (Gartner and Rehrl 2009). New technical possibilities in the field of ubiquitous computing based on a growing wireless network coverage opens a wide spectrum of scenarios available for environmental surveys using public participation (PP). As an alternative to HTML5 style applications and for some “system-driven” surveys, full-featured ap plications for particular smart-phone platform (Rogers 2010), also exist, e.g. Sypiens Survey1 4 or mQuest Survey5 (available on Android platform), or SurveyPocket6 (for Iphone mobiles). The received data is analysed in real-time in a cascading manner as illustrated in Figure 3: quality con trol, predictive model using combined data sources. Where insufficient data exists for the required preci sion of prediction the system will use the ability to locate and contact (via SMS, email, web pop-up) other volunteers in the field in the required locality and prompt them to collect further data samples.



5.



The tranquillity use case



The “tranquillity” project (CPRE 2006) defined the concept and a measure of disadvantageous changes of the natural environment. “Tranquillity” is a nature preservation campaign from CPRE: “Campaign to Protect Rural England wants a beautiful, tranquil and diverse countryside that everyone can value and enjoy”. Disadvantageous changes or threats to natural tranquillity are for example: new roads, more planes and runways, increased light pollution, new buildings and infrastructure. The initial knowledge base we used for the use case includes findings from the previous work: Tranquillity Mapping 2004, carried out by CESA (Centre for Environmental and Spatial Analysis) and PEANuT (Participatory Evaluation and Ap praisal in Newcastle upon Tyne) at Northumbria University (MacFarlane et al., 2004). The already proposed GIS model for tranquillity mapping is extended with a community layer, resulting from public participation (PP and VGI). Jackson, et al., 2008, have built Tranquillity maps from layers of positive and negative attributes of landscape – based on a nationwide survey to test what tranquillity means to people and the different factors which make up ‘tranquillity’ (see Table 4). Negative attributes



Positive attributes          







Seeing a natural landscape Hearing birdsong Hearing peace and quiet Seeing natural looking woodland Seeing the stars at night Seeing streams Seeing the sea Hearing natural sounds Hearing wildlife Hearing running water



Hearing constant noise from cars, lorries and/or motorbikes  Seeing lots of people  Seeing urban development  Seeing overhead light pollution  Hearing lots of people  Seeing low flying aircraft  Hearing low flying aircraft  Seeing power lines  Seeing towns and cities  Seeing roads



Table 4. Positive, negative and combined attributes of tranquillity mapping from the Easter Bank Holi4 5 6



http://www.androidzoom.com/android_applications/productivity/sypiens-survey_kqwc.html http://www.androidzoom.com/android_applications/productivity/mquest-survey-demo_mpue.html Software available on Apple iTunes marketplace.
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day weekend, April 2006 survey The original tranquillity dataset resolution is low, as the basic grid size is only 500m x500m (Figure 4). The first aim of our experiment was to increase the resolution and validate at this new resolution, the pre-



Figure 4: A fragment of the map showing the range of tranquillity in Derbyshire area. Reproduced courtesy of the CPRE, 2007. Mapped from left: positive attributes, negative attributes, composite weight of both. vious findings of the ordered negative and positive key layers. A first experiment with six participants, aiming at validating the tranquillity but also as a proof of con cept of our architecture, was conducted in October 2010. Participants were given a smart-phone, which had pre-cached fragments of the CPRE tranquillity database content for the selected area close to Derby. The survey was user-driven; the participants were free to use the application any time they wanted. The application was dynamically serving two of the most negative, two of the most positive and two random attributes based on position (GPS) to the participant enabling them to provide their personal opinion. It was also possible to answer a simple yes/no question, to express positive or negative feelings related to the location. Details of the answers and behaviour recordings during this validation experiment is available online (see Figure 5). Off-line, using a local smart-phone database and local-on-line; using a laptop to serve (via WiFi connection) the dynamic survey in an active mode, has been tested. This was necessary in this rural area where the GSM internet signal is weak or unavailable.



Figure 5: Initial densifying and validating survey results, online version is available at: http://testsurvey.pawlowicz.name/ . Map base layer: CC-By-SA by Openstreemap.org



6.



Discussion and conclusion



People, as source and recipient of VGI, build up a common sense environmental knowledge-base through collaboration with a large distributed community (Singh 2002). This spatial social web as citizen science presents a unique opportunity to achieve the goal of reducing the cost of collection, maintenance and update of geospatial data (Bishr and Kuhn 2007). The INSPIRE European Union directive, encourages European citizens “to support the understanding of the complexity and interactions between human activities and environmental pressures and impacts” (INSPIRE 53:44). Our approach allows one to go down the line of developing the capability of achieving the above statements through public participation. Addressing the quality of the data and the interoperability issues when approaching the general public, we proposed an open framework and an architecture allowing seamless outreach to wide communities and enabling the survey to be adaptive to the user-context. The survey driven in real-time by the knowledge based system becomes optimised according to the rules implemented, e.g., spatial awareness, quality con trol. Describing -a surveyed questionnaire being the same whatever the situation - as of interaction level 0, our architecture can be though of enabling an interaction level 1- where already known information can be used to drive the survey (e.g., existing geographic feature, previously estimated distribution of answers)an interaction level 2 - dynamically integrating current information from other surveyed participants- and an interaction level 3 – dynamically integrating information from other sources (e.g. Tweeter). For the proof of concept and using the “tranquillity data” project, the knowledge base system was limited to dynamic verification of previously identified attributes and mapping of results, but more complex workflows generating the updated questionnaire, triggering for more data or more surveyors can be devel-
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oped without slowing the efficiency of the system. The system can be made available on-line so that everyone and particularly communities could perform their own ‘densifying and validating’ surveying experiment for tranquillity data or any other environmental assessment. It is nonetheless believed that at this stage the knowledge-based engine has to be first made more user friendly. Future research will focus on more transparent caching of data in the information cloud, creation of a more stable and intuitive user interface, with API extension. For semantic interoperability purposes this future work will need improved standardisation of geospatial ontologies in order to, for example, develop multidisciplinary knowledge based systems, which is the backbone of this dynamic surveying system. Besides applying the dynamic surveying system to “tranquillity” we are also doing experiments in the health-related field (Adams et al., 2011). Aggregated live Twitter feeds are planned to be used for informa tion support during spatially enabled in-field surveys in both contexts.
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