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Abstract

This research describes a quantitative methodology for deriving optimal exploration target zones
based on a probabilistic mineral prospectivity map. A subset of known occurrences of mineral
deposits of the type sought were considered discovered and then used as training data, and a map
of distances to faults/fractures and three band ratio images of hyperspectral data were used as
layers of spatial evidence in weights-of-evidence (WofE) modeling. This resulted in a mineral
prospectivity map, which is based on a Bayesian probability framework to update the prior
probability of mineral deposit occurrences of the type sought in every unit cell or pixel in a study
area. The derived posterior probability map of mineral deposit occurrence was then input to an
objective function in simulated annealing in order to derive a set of optimal exploration focal
points. An optimal exploration focal point is a pixel or location, at and around which there is high
posterior probability of mineral deposit occurrences. Buffering of each optimal exploration focal
point, results in optimal exploration target zones, many of which coincide spatially with at least one
of the occurrences of the mineral deposit in the subset of cross-validation (i.e., presumed
undiscovered) mineral deposits. The results of the study show usefulness of the proposed
methodology for objective delineation of optimal exploration target zones and are demonstrated in
the Rodalquilar mineral district in Spain.

1. Introduction

Occurrences of mineral deposits, which could be in the form of mines, prospects or even
showings, are considered samples of a mineralized landscape. Occurrences of mineral deposits of
the type sought are used for training in data-driven predictive mapping of mineral prospectivity.
Basically, mineral prospectivity mapping is a tool for delineating of targets, whereabouts
probability for occurrence of mineral deposit-type of interest is high, which might warrant more
detailed survey in a further stage of mineral exploration. In regional- to district-scale mineral
prospectivity mapping the objective is to delineate exploration target zones (polygons), whereas in
local- to deposit-scale the objective is to define exploration target locations (points). A logical
question regarding usefulness of a regional- to district-scale mineral prospectivity map is: “Which

areas are optimal exploration target zones for further surveying of undiscovered occurrences of the
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mineral deposit-type sought?”

The objective of this paper is to demonstrate a methodology to provide a plausible answer to the
question in a district-scale case study. Because mineral deposit occurrences can be considered
samples of a mineralized landscape, a configuration of exploration focal points can also be
considered as a sampling scheme. We tested our proposed methodology, to derive optimal
exploration target zones from a district-scale mineral prospectivity map, within the Rodalquilar

mineral district in Spain.
2. Study Area and Data Used

2.1 Geology and Mineralization of the Rodalquilar Mineral District

The Rodalquilar mineral district is located in the Sierra del Cabo de Gata volcanic field, in the
south-eastern part of Spain (Fig. 1), consisting of pyroxene andesites to rhyolites of the late Tertiary
age. Extensive hydrothermal alteration of the volcanic rocks resulted in formation of high to low
temperature minerals as: silica—alunite—kaolinite—illite—chlorite. Occurrences of high- or low-
sulphidation epithermal precious- and base-metal deposits are in veins or in hydrothermal breccias
(i.e. fracture controlled) associated with hydrothermally altered rocks (Arribas et al., 1995). High-
sulphidation precious-metal deposits are associated with advanced argillic (alunite+kaolinite) and
intermediate argillic (kaolinite+tillite) zones, whereas low-sulphidation precious- and base-metal
deposits are associated with argillic to pyropylitic (illitexchlorite) zones (Arribas et al., 1995). The
epithermal minerals are localized along faults and fractures that cut through the volcanic host rocks.
Based on these generalized geological characteristics of the discovered occurrences of epithermal
mineral deposits in the district, we apply two recognition criteria in mapping prospectivity for

epithermal mineral deposits, (1) hydrothermal alteration evidence and (2) structural evidence.
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Figure 1: A generalized geological map of the Rodalquilar area mineral district.
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2.2 Data for Hydrothermal Alteration Evidence

We used a sub-scene, consisting of 2640 x 1300 pixels, of airborne imaging spectrometer data
acquired by the Hyperspectral Mapper (HyMAP) in July 2003. HyMap is a 126-band sensor that
records the reflected solar radiation within the 0.4-2.5 pm wavelength region of the electromagnetic
spectrum. Data acquired by the shortwave-infrared (SWIR) 2 detector, within the 1.95-2.48 pum
spectral range covers the most prominent spectral absorption features of hydroxyl-bearing minerals,
sulfates and carbonates, which are common to many hydrothermal alteration assemblages (Kruse,
2002). SWIR 2 data are useful for mapping hydrothermal alteration assemblages as well as for
regolith characterization (Cudahy et al., 2000; Kruse, 2002).

In order to delineate predominant minerals in hydrothermal alteration zones associated with the
epithermal deposits, hyperspectral band ratio images (Lillesand et al., 1994) were created. Band
ratioing is a way to enhance the presence of a material of interest from spectral images by dividing
data in a spectral band with data in another spectral band. We used an arctan transformation on the
band ratios (Lillesand et al., 1994), which considers the gradient of spectral data between two
bands. Figure 2 display the band ratio images used as evidence layers in the weights-of-evidence
(WofE) modeling.

Pixels in the image of band ratio 1 (2.100/2.171 um) are brighter (i.e. higher ratios) for alunite,
kaolinite and pyrophyllite but slightly darker (i.e. lower ratios) for illite (Fig. 2A). The first three
minerals are predominant in advanced argillic zones. For band ratio 2 (2.171/2.205 um) pixels are
brighter for illite and kaolinite but are darker for alunite and pyrophyllite (Fig. 2B). The brighter
pixels in this image thus enhance predominant minerals associated with intermediate argillic zones.
Pixels in the image of band ratio 3 (2.357/2.258 um) are darker for minerals predominant in
advanced argillic zones but brighter for minerals predominant in argillic to pyropylitic zones (Fig.
2C).

A. Band Ratio 1: arctan transformation on bands 103/107 B. Band Ratio 2: arctan transformation on bands 107/109
(2.100/2.171 pm) (2.171/2.205 pm).
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Figure 2: Input layers for WofE modeling. Map coordinates are in meters (UTM projection, zone 30N).
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2.3 Data for Structural Evidence

Mapped faults and fractures were screen-digitized on georeferenced raster-scanned maps, which
were obtained from published (IGME, 1981; Arribas et al., 1995) and unpublished sources. In
addition, faults and fractures were interpreted and screen-digitized on shaded-relief images of a
digital elevation model (DEM) derived from Advanced Spaceborne and Thermal Emission
Radiometer (ASTER) data acquired on 26 May 2002. A map of distances to mapped and interpreted
faults and fractures was then created (Fig. 2D) and used in WofE modeling.

2.4 Mineral Occurrence Data for WofE Modeling

Two sets of locations of mineral deposit occurrences were used in WofE modeling. One set, of
14 epithermal deposit occurrences, was digitized from a 1:50,000 scale geological map of Spain
(IGME, 1981); and from a map in Arribas et al. (1995). The other set, of 47 epithermal deposit
occurrences, was digitized from the mineral prospectivity map of Rigol-Sanchez et al. (2003),
which actually shows 49 epithermal occurrences although two of these fall outside our study area.
In this latter set, 11 epithermal deposit occurrences were discarded because each of them lie within
25 m of an epithermal deposit occurrence in the first set, which indicates high likelihood that these
are the same 11 of the 14 in the first set. Each of the two sets of epithermal deposit occurrences
were then used for training and for cross-validation of a WofE model. A training set is assumed to
represent discovered mineral deposits, whereas a cross-validation set is assumed to represent

undiscovered mineral deposits.
3. Methodology

3.1 Generation of Prospectivity Map: Weights-of-Evidence (WofE) Modeling

Initially, we created a mineral prospectivity map via the WofE method (Good, 1950), which is
based on a Bayesian probability framework to update prior probability of occurrence of mineral
deposits of the type sought in every unit cell or pixel in a study area. We used a set of training

mineral deposit occurrences of the type sought (say D) and a number of thematic geological
evidences (say B with a threshold at t) having positive spatial association with such type of

mineral deposits. The estimated prior probability of mineral occurrence is P(D).

It can be shown that the weight of evidence for the presence of B' is
WJ'=ln[F3‘(Bt | D)/ P(Bt |5)] and the weight of evidence for the absence of B' is
T = lan(E\ D)/ P(E | B)J and the variances are given as
2 +)_ 1 1
)= N(B'~D) N(B'~D)

[1]

If s*(W, ) is either SZ(\/\/,+) or S ( ) then the variance of the posterior odds is defined as

i=l

1 1
N{B ~D) N[ETAD)

and Sz(\N’):

[2]
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The output mineral prospectivity map is a map of posterior probability (P; = P; (D | B,,..., By )) of
occurrence of mineral deposits of the type sought. In such a map, we considered individual pixels to
be prospective if their posterior probability is greater than the estimated prior probability. The
posterior probabilities and prediction rate of WofE were used to determine the optimal exploration

target zones.

3.2 Derivation of Focal Points and Target Zones

In order to derive optimal exploration target zones, the posterior probabilities in a mineral
prospectivity map are used (a) to estimate a reasonable number of exploration focal points (or
pixels) and (b) as weights in an objective function to derive optimal exploration focal points via
simulated annealing (SA). Each of the optimal exploration focal points is then buffered with a
reasonable distance in order to derive a set of optimal exploration target zones.

For (a) above, to estimate the number of exploration focal points, we employed the binomial
distribution because mineral deposit occurrence is a binary variable, being either present or absent.
Thus, estimation of n exploration focal points so as to discover at least r mineral deposit

occurrences, with a probability of success p, at a 95% confidence, requires a solution for the

following equation:

zn:[r.jp‘(l— p)" =0.95

i=r I

[3]
Deriving the optimal exploration focal points requires definition of an objective function, called
the fitness function. For (b) above, for a two-dimensional region A divided into N(A) unit cells, let

the spatial configurations of n optimal exploration focal points be denoted by S". We denote the
posterior probability of mineral deposit occurrence per unit cell in A derived from WofE modeling
by P(;(): {Pj (;()‘ X e A}, where X is the location vector of the unit cell in A, with a corresponding

pixel in an image |, for unique condition j. In SA (Kirkpatrick et al., 1983), a fitness function
¢(S“):S“ — R", which is an extension to the Weighted Means Shortest Distance (WMSD)-

criterion (Debba et al., 2005), is minimized to optimize the search for n exploration focal points.
N4 () - .
¢WMSD+V (S ): W % [ i ] P(X)H X— Qs" (X)H + (1 - l) 52(0Sn )
[4]

where Q, (;() is the location vector of an optimal exploration focal point in S" nearest to i, and

s’ (Os") is the variance of the posterior odds at every optimal exploration focal point in S". The

objective function optimized, considered not only the magnitude of the posterior probability but
also the uncertainty of the posterior probability. The A € [0,1] is a constant controlling the effect of

the posterior probability and the variance of the posterior odds in finding and selecting optimal

exploration focal points.
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4. Results and discussion

The study area consists of 65253 unit cells of 25%25 m, based on the spatial resolution of the
ASTER DEM. All the maps/images used in the analyses were resampled to this spatial resolution,
which is adequately small and appropriate for WofE modeling (Agterberg, 1992). The estimate of
P(D) based on training set 2 is 0.00055. Based on prospective pixels and on training set 2, the
WofE model derived has a prediction rate of 0.64. The rather low prediction rate (of 64%) of the
probabilistic prospectivity map shown in Figure 3 is attributable partly to the (a) small number of
evidential datasets used and (b) presence of two (precious- and base-metal) sub-types of epithermal
deposits used in modeling prospectivity.
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Figure 3: Optimal exploration target zones defined by buffering to 238m each of the optimal

We estimated the number of exploration focal points by solving for n in Equation 3. We first
assumed that r =9 based on the nine predicted out of 14 undiscovered epithermal occurrences in
training set 1 and that p =0.0025 based on the average posterior probabilities of prospective pixels
in the input WofE prospectivity model. With these assumptions we derive n = 6280. This number
of exploration focal points is intractable. However, we interpret and show later that 6280 is
approximately the total number of unit cells within plausible exploration target zones. Instead of
p =0.0025, we used p=0.6 based on the approximate prediction rate of the input WofE model.
Accordingly, n=22, which is a plausible number of exploration focal points as centroids of
individual exploration target zones wherein to search further for the nine (assumed) undiscovered
epithermal deposit occurrences.

By using the posterior probability map as input and by specifying n=22 and 4=0.5 in
Equation 4, the locations of the optimal exploration focal points were derived. The value of 4 =0.5
was chosen instead of being estimated automatically in order to avoid computational time. Each of
the derived optimal exploration focal points (Fig. 3) occupies a unit cell with the highest posterior
probability value based on training set 2 in a circular neighborhood of unit cells with posterior
probabilities greater than the prior probability estimate. Each of the derived optimal exploration

focal points does not fall exactly on but is proximal to a unit cell representing an undiscovered
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epithermal mineral deposit occurrence belonging to the set of epithermal deposit occurrence data in
training set 1.

In order to define optimal exploration target zones around each of the derived optimal
exploration focal points, the following analysis was performed. We quantified proximity to an
undiscovered deposit occurrence by utilizing the estimated number of 6280 unit cells required to
delineate the nine predicted out of the 14 cross-validation deposit occurrences and using
p =0.0025 in Equation 3. The total area represented by the 6280 unit cells is approximately
6280x 252 =3925000 m”. If each of the nine undiscovered deposit occurrences, predicted by the
WofE model, out of the 14 cross-validation undiscovered deposit occurrences, is within a delineated
sub-area of 3925000/22 =178409 m” containing each of the optimal exploration focal points, then
this indicates that an optimal exploration target zone is proximal to at least one undiscovered
deposit occurrence. This also means that, if each of the nine predicted undiscovered deposit

occurrences, delineated by the WofE model, out of the 14 cross-validation undiscovered deposit
occurrences, is within a radius of /178409/7 =238 m (area of circle:ﬂxradiusz) around a

derived optimal exploration focal point, then an optimal exploration focal point is in close
proximity to at least one undiscovered deposit occurrence.

Each of the 22 derived optimal exploration focal points was then buffered with a radius of 238 m
in order to delineate optimal exploration target zones. Seven of the nine (assumed) undiscovered
deposit occurrences, delineated by the WofE model out of the 14 cross-validation undiscovered
deposit occurrences, are within the delineated optimal exploration target zones. The result of this
analysis indicates that the derived optimal exploration focal points are proximal to undiscovered
epithermal deposit occurrences. The average of posterior probabilities of unit cells within each of
the delineated optimal exploration target zones is 0.010, which is higher than the average posterior
probability (0.0024) of unit cells representing discovered epithermal deposit occurrences (training
set 2) and the average posterior probability (0.0029) of unit cells representing (assumed)
undiscovered epithermal deposit occurrences (training set 1).

These indicate that the algorithm is efficient in finding and selecting optimal exploration focal
points in prospective ground. The results also suggest that within the delineated exploration target
zones there is much higher probability of mineral deposit occurrence than would be expected due to
chance, which is translatable theoretically to increased chance of mineral deposit discovery.

Until now, there is no objective procedure for demarcating and prioritizing of new exploration
target zones based on regional- to district-scale mineral prospectivity maps that have been
determined subjectively. That is, portions of predicted prospective ground that are distal to and not
containing discovered mineral deposit occurrences are considered, based on subjective judgement,
new exploration target zones. In this study, new exploration target zones are determined based on
the spatial distribution of estimated posterior probabilities of mineral deposit occurrence, which are
used as weights in an objective function in SA to determine optimal exploration focal points.

In district-scale mineral prospectivity mapping, as in the present case study, one does not aim to
define drilling targets as individual pixels but prospective zones defined by neighborhood of pixels

of high prospectivity for further exploration work. Therefore, after deriving optimal exploration
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focal points as individual pixels based on a probabilistic mineral prospectivity map, we defined
exploration target zones around them. The analysis presented is based upon available datasets and

geo-information derived from them, but avoids subjective expert opinion.

5. Conclusions

The proposed methodology provides for objectively, and with reasonable accuracy, demarcation
and selection of optimal exploration target zones for further investigation of undiscovered mineral
deposit occurrences based on a given probabilistic mineral prospectivity map. In the study area,
nine out of 14 (assumed) undiscovered epithermal deposit occurrences, predicted correctly by a
WofE predictive model of mineral prospectivity, are either within or at most 30 m away from a

buffered zone of an optimal exploration focal point.

References

Agterberg, FP 1992, ‘Combining indicator patterns in weights of evidence modeling for resource
evaluation’, Nonrenewable Resources, vol. 1, no. 1, pp 39-50.

Arribas, A Jr., Cunningham, CG, Rytuba, JJ, Rye, RO, Kelley, WC, Podwysocki, MH, McKee, EH &
Tosdal, RM 1995, ‘Geology, geochronology, fluid inclusions, and isotope geochemistry of the
Rodalquilar gold alunite deposit, Spain’, Economic Geology, vol. 90, pp. 795-822.

Cudahy, T, Okada, K & Brauhart, C 2000, ‘Targeting VMS-style Zn mineralisation at Panorama, Australia,
using airborne hyperspectral VNIR-SWIR HyMap data’, in ERIM Proceedings of the 14th International
Conference on Applied Geologic Remote Sensing, Las Vegas, pp. 395-402.

Debba, P, van Ruitenbeek, F, van der Meer, F, Carranza, EJM & Stein, A 2005, ‘Optimal field sampling for
targeting minerals using hyperspectral data’, Remote Sensing of Environment, vol. 99, no. 4, pp 373-386.

Good, 1J, 1950, Probability and the Weighing of Evidence, Griffin, London.

IGME 1981, Mapa Geologico de Espaa, Carboneras, 1.046/24-43; El Pozo de los Frailes, 1.060/24-44, e.
1:50,000. Instituto Geologico y Minero de Espaa, IGME, Servicio de Publicaciones, Ministerio de
Industria y Energia, Madrid.

Kirkpatrick, S, Gelatt, CD Jr. & Vecchi, MP 1983, ‘Optimization by Simulated Annealing’, Science, vol.
220, no. 4598, pp. 671-680.

Kruse, FA 2002, ‘Comparison of AVIRIS and Hyperion for hyperspectral mineral mapping’, in SPIE
Aerospace Conference, 9-16 March 2002, Big Sky, Montana, published on CD-ROM, IEEE Catalog
Number 02TH8593C, Paper 6.0102, pp. 1-12.

Lillesand, TM, Kiefer, RW & Chipman, JW 1994, Remote Sensing and Image Interpretation, New York,
John Wiley & Sons.

Rigol-Sanchez, JP, Chica-Olmo, M & Abarca-Hernandez, F 2003, ‘Artificial neural networks as a tool for
mineral potential mapping with GIS’, International Journal of Remote Sensing, vol. 24, no. 5, pp. 1151-
1156.

246



	PLENARY
	CONTENTS: ACADEMIC PRESENTATIONS
	FOSS GIS TOOLS and COMPONENTS 
	Calculating NADCON Grids using GeoTools
	Multi-Environment General Purpose Applications Built with Terralib
	An Extensible, Interface-based, Open Source GIS Paradigm: MapWindow 6.0 Developer Tools for the Microsoft Windows Platform
	PAL - A Cartographic Labelling Library

	LAND CLASSIFICATION and CLIMATE CHANGE
	Using Airborne Laser Scanner Data and Open Source Software for a Glacier Inventory
	Open-source Versus Proprietary GIS on Landscape Metrics Calculation: A Case Study
	Urban Spatial Growth and Land use Change in Riyadh: Comparing Spectral Angle Mapping and Band Ratioing Techniques

	STANDARDS and INTEROPERABILITY 
	The South African Address Standard and Initiatives towards an International Address Standard
	Can the South African Address Standard (SANS 1883) Work for Small Local Municipalities?
	Editing XML Metadata Files with the Aid of the Open-Source Editor MEE
	Multipurpose Metadata Management in gvSIG

	SOFTWARE ENGINEERING and GIS PRODUCTION
	Using Supply Chain Management to Enable GIS Units to Improve their Response to their Customers' Needs
	Factors Leading to Success or Abandonment of Open Source Commons: An Empirical Analysis of Sourceforge.net Projects
	Open Source Software: Risk Management from an Intellectual Property Perspective
	FOSS4G Certification Issues in the Development of a Large Telecommunication Application

	WATER RESOURCE MANAGEMENT 
	Using Keyhole Markup Language to Create a Spatial Interface to South African Water Resource Data through Google Earth
	How Open Source GIS and Related Tools can Help in African Project and Projects can Help to Develop New Tools: The Case of Rwanda and the New GRASS-Epanet Interface
	Efficient Constrained Delaunay Triangulation Implementation in Java for SpatialHydrological Analysis

	DISASTER MANAGEMENT 
	The Andean Information System for Disaster Prevention and Relief: A Case Study of Multi-National Open-Source SDI
	GIS: A Rapid Deployment GIS Framework for Humanitarian Relief Operations
	Natural Hazards and Risk Assessment: The FOSS4G Capabilities
	GIS-based Atmospheric Dispersion Modelling

	SPATIAL DATA
	MonetDB, A Novel Spatial Column-Store DBMS
	A Data Model for Efficient Address Data Representation – Lessons Learnt from the Intiendo Address Matching Tool
	A Comparison of Data File and Storage Configurations for Efficient Temporal Accessof Satellite Image Data
	Providing Access to Terabytes of Earth Observation Data in an International Organization - Infrastructure and Services

	MODELS, SIMULATIONS and RISK ASSESSMENT
	An Open Source Model for the Simulation of Granular Flows: First Results with GRASS GIS and Needs for Further Research
	Optimal Exploration Target Zones
	Quality Management for 3D/4D Meteorological Data with Paraview and GRASS GIS

	COLLABORATIVE GIS
	Development of Real-time Tracking and Log Management System using Free and Open Source Software
	Participatory Free and Open Source GIS in the Web 2.0 - Exploring Trends in GIS in Times of Collaborative Creation

	ENVIRONMENTAL MONITORING and WIRELESS NETWORKING
	GEM-PP: A GIS EMissions Pre-Processor to Ingest European Emission Inventory (EMEP/CORINAIR) into Photochemical Transport Models
	On-line Air Quality Monitoring and Warning Support System for Bucharest Urban Area
	NAMGIS – A Context-Aware Mobile Web GIS
	Assessment of Location Sensitivity of Voronoi-based Sensor Deployment and Reconfiguration using GIS

	HEALTH, NATURE CONSERVATION and BIODIVERSITY
	Free GIS Software meets Zoonotic Diseases: From Raw Data to Ecological Indicators
	Spatial Analysis and Visualization of Genetic Biodiversity
	Application of Open Source and Proprietary Software to Optimise Meadow Bird Management Schemes in the Netherlands

	SDI
	Beyond FOSS 3D GIS Technologies: A Chance for Developing Countries
	urbSAT: from Spatial SQL to Urban Indicators
	Implementation of the Elements of the Polish National Spatial Data Infrastructure based on Open Source Software
	A Review of the Status of Spatial Data Infrastructure Implementation in Africa

	EDUCATION AND TRAINING, FOSS in CORPORATES and GOVERNMENT
	Corporative Applications Built with TeCOM: A TerraLib Microsoft Visual Component
	Student Recruitment for Transformation at the University of Cape Town: A Spatial Analysis of the Alternative Admissions Research Project, 2000 – 2005
	The Challenges of GIS Education and Training: GIS use by Municipal Urban and Regional Planning
	Challenges Affecting the OSS Adoption Rate in the SA Government

	WEB SERVICES
	An Open Service Network for Geospatial Data Processing
	Integration of GRASS Functionality in Web based SDI Service Chains
	World Wide Access to Amazon Forest Inventories of Non-Timber Products
	Semantically Enabled SOS with Topic Maps


	CONTENTS: GENERAL PRESENTATIONS
	IMPROVING FOSS GIS CARTOGRAPHY AND MAP PRODUCTION
	Publishing Web Maps with QGIS Mapserver
	MapFaces: A Rich Client Mapping Framework Build on Top of JSF
	Google Earth Powered by MapGuide Open Source
	From the Chart Table to the Browser: Deploying Historical Maps at Scale

	FOSS IMPLEMENTATION
	Building an Application Framework based on OpenLayers and ExtJS
	Information: A must for Development
	BeeGis: Digital Field Mapping that just Works
	Analysis of Temporal Remote Sensing Data with Opticks

	TRANSITION TO FOSS
	Reasons for the Non-use of FOSS GIS during the Reconstruction and Rehabilitation Process after the Tsunami 2004 in Nanggroe Aceh Darussalam, Indonesia or Call for a Stronger Lobby for FOSS GIS in Developing Countries
	WebGIS Platform – A Commercial Successful OpenSource-based Concept in Scandinavia
	Tapping into OpenSource
	Transitioning to FOSS4G at North West Geomatics
	A Year of Full-Speed FOSS- Winning the Hearts, Minds, and Business Case
	Opticks: Transitioning a Proprietary Remote Sensing Analysis Tool into Open Source
	Easing Transition to Open Source Geo-Spatial Data Manipulation in GML
	CAD-GIS Integration: Achieving Commercial Reality with Open Source Solutions 
	Anisotropic Cost Surfaces for Grass
	Migrating from a Commercial Internet Map Server to a Free and Open Source Solution
	GFOSS.it: The Italian OSGeo Chapter

	NEW FOSS DEVELOPMENTS
	SpatiaLite: An Extension Enabling Spatial Processing on SQLite
	A New GRASS Module for Computing Visibility on Grids
	Using SLD Definitions to Display Charts in a Deegree WMS
	Implementation of Distributed Service Oriented Framework for 3D Visualization in Web-GIS Clients
	gvSIG Mobile: How to Code for Desktop and Mobile GIS/SDI
	SUAS MapServer:- An Open Source Framework for Extended Web Map Services
	Shortest Path Search for Real Road Networks and Dynamic Costs with pgRouting
	Comparing the Performance of Open Source Web Map Servers
	Web Processing and Spatial Analysis with the ILWIS Open Source GIS Software and GEOSS Data
	The use of OpenLayers for the Demonstration and Visualisation of Environmental Research Applications
	Bringing Data and Metadata Closer Together
	GeoServer: Past, Present and Future
	GeoServer and the GeoWeb
	GDAL/OGR Project Status Report
	gvSIG Status Report. Towards an Open Organization
	A Free Graphical Modelling Tool for Geospatial Analysis

	INTEROPERABILITY
	WFS Simple: The Welterweight Data Access Standard
	A Few Mouse Clicks Away: Configuration of Deegree WCS, WFS and WMS with OpenJUMP
	Proj4js - Coordinate System Transformations in the Browser
	Coordinate Systems: PROJ.4, EPSG and OGC WKT
	The Definition of Open in OGC, OSGeo and OSM
	ESRI’s Open Standards and IT Interoperability
	Improve Metadata Creation Process using OpenSource
	Constellation: An Infrastructure for Geospatial Data Services for Scientific and Environmental use

	FOSS GIS BUSINESS
	FOSS Business Models in the Spatial Realm
	POTIMART - An Open Source GIS Platform for Transportation
	A Deeper Understanding of Trade Areas and Target Markets for Growth and Expansion Opportunities

	WEB SERVICES
	Application of Open Source OGC Sensor Web Implementations for Disaster Management and Environmental Monitoring
	Integration of Geo-Spatial Web Services using Adobe Flex
	WebServices Application with Django and OpenLayers
	WebGIS in Times of the Web at Version 2.0 or: Buzzwords, Anyone?
	Web Processing Services in the context of the 52°North Geoprocessing Community
	Sensor Observation Service from UMN MapServer meets OpenLayer
	MDweb 2.0: A Java/JEE Metadata Catalog
	Apache vs LightHttpd Benchmark and Optimization for Serving Huge Tilesets

	CASE STUDY
	Promoting Open Access to Environmental Data using Open Source Software
	Modus Operandi of a FOSS GIS project in India
	Promotion of Access to Spatial Information using Web-based Open Source GIS to Cape Town Communities Living at Informal Settlement
	Open-Source based Market Information Systems - One Option for Developing Nations
	MapFish: A Web-Mapping Development Framework
	Mapping the Sanitary Sewers of a South African City - First Experiences with FOSS GIS
	Mining Spatial Data from GPS Traces for Automated Map Generation
	Open Source Web-GIS of the UN High Commissioner for the Refugees (UNHCR): A Model for the UN
	Improving Open Source GIS-SDI Integration: The Web Service Publishing Extension for gvSIG
	Developing Open Source Tools for Regional Land use Planning
	Risk Model for OSS: Valuing Hidden Costs

	OPEN DATA
	Welcome to OSGeo - Your FOSS Community
	OpenLayers Vector Style
	Web 2.0 brings GIS to the World Wide Web
	A Spatial DBMS Buyer's Guide

	PARTICIPATORY GIS
	OpenStreetMap in India, Free Data in the Developing World
	Phoenix: A Web-Based Collaboration Tool
	Integrating FOSS Web-GIS Tools with Web2.0 Capabilities to Produce Scalable City Information Toolkit, Supporting Participatory GIS

	GOVERNMENT
	Expanding the Role of Open Source GIS in Government
	Senegalese Land Register Modernisation through Open Source Softwares
	Critical Success Factors (CSF’s) for Sustainability of Geographical Information Systems (GIS) in Government Institutions of Developing Countries
	A Case Study of GIS Analysis for the Determination of Service Delivery
	The use of FOSS in Urban Modelling and Simulation
	The use of FOSS GIS in Integrated Geographical Systems in Local Government in South Africa
	Evaluation of Sustainability Indicators for Coastal Municipalities of the State of Rio de Janeiro (Brazil) using Free Software
	Integrating Commercial and OpenSource Software for an Environmental Health Information System for the City of Tshwane Metropolitan Municipality

	GOVERNMENT AND PARTICIPATORY GIS
	OpenGeocoding.org – A Free, Participatory, Community Oriented Worldwide Geocoding Service
	Location based Service for Urban Management in the City of Johannesburg
	GeoLiberum: A Collaborative Approach to Capacity Building, FOSS GIS Implementation and Deployment in Municipal Administration in Developing Countries
	SNIT-Chile, Experience and Innovation for the Society of Knowledge. Good Government, Interoperability and Social Web: A Methodology in Process

	EDUCATION
	The use of Open Source GI Software in Teachings
	GIS in the School Curriculum - Perceptions and Challenges facing Educators in theWestern Cape, South Africa
	Introducing GIS into the South African Educational Market
	A Comparison of South African Unit Standard based Qualifications in Geo-Spatial Information Science against National and International Benchmarks

	WATER
	J-Hydro: An Implementation of the Digital Watershed Concept
	Web Enabled Inter-operable Spatial Data System for Water Resources Applications in India using Open Source Geoserver
	A Geostatistical Analysis of Water Losses in an Urban Utility using the R and Tinn-R Open-Source Statistical Computing Environments
	The use of Open Source (An Option for Developing) Technology in Determining the Beginning of the Defined Watercourse for Determining Floodlines in the Apies River Basin

	WATER AND EDUCATION
	JGrass: The Horton Machine
	Development and Implementation of an Open-Source Based Internet Accessible Water Quality Management System for Improving the Quality of Water Services in South Africa
	A Free GIS Book
	GIS in the Geography Curriculum: Teacher Training

	HEALTH
	TerraLib as an Open Source Platform for Public Health Applications
	Analyzing Walkable Communities, and Publishing Interactive Results on the Web
	Development of a Malaria Decision Support System based on Open Source Technologies

	DISASTER MANAGEMENT
	An Open Source Model for the Simulation of Granular Flows: First Results with GRASS GIS and needs for Further Investigations
	Knowledge Management and Humanitarian Response to Complex Humanitarian Emergencies
	Integrating GIS into FOSS Disaster Management System
	Rebuilding a City through Community Participation, Neogeography and GIS

	ENVIRONMENT
	Caribbean PestWatch: An Agricultural Pest Monitoring System for the Caribbean Utilizing Open Source Software
	Dapple Global Data Explorer
	Implementing Web Services for NASA's Terrestrial Observation and Prediction System
	Using FOSS and Proprietary GIS in Assessing Water use by Alien Vegetation

	WEB - ENVIRONMENT
	Harvest Choice - An Open Source System to Deliver Agricultural Data
	OMA - Lightning Application
	Location-based Activity Reporting of Forest Operations using Components of Open Source GIS
	Into the Wild: Tapping the Potential of FOSS GIS for Geoparks and Nature Interpretation

	IMAGES
	Forest Crown Closure Assessment and Tree Species Classification using Multispectral and Hyperspectral Imageries
	Publishing Imagery using WMS - How do the Open Source Products Fare?
	About the ImageWiki Project
	Introduction to ASPRS LAS Data Processing with libLAS


	POSTER PRESENTATIONS
	Investigating the Validity of a Open Source 3-D GIS Urban Simulation Modelling Software (Sim City) in the Urban Planning Environment
	PostgreSQL/PostGIS, Geoserver and OpenLayers at Electricité de France
	An Open-Source Integrated GIS Solution (IGS) for Syrian Municipal Administration Modernisation Project
	Use of Open Source GIS Tools to Build the RISKMED Early Warning System Web Portal for Severe Weather Events
	Development of an Agricultural Information Management System (AIMS) for the SADC region
	Developing the Historical Agro-Environment Browsing System using FOSS4G
	The use of Open Source GI Software in Teachings
	The use of OpenLayers for the Demonstration and Visualisation of Environmental Research Applications
	Massachusetts Institute of Technology (MIT) GeoWeb Expands Access to GIS Data for the MIT Community through Open Source Tools
	Open Source GIS in Anthropology
	GRASS Development with Eclipse/CDT
	Using PostGIS, Geoserver and Google Earth to Visualise Sensor Measurements
	Open Source GIS for Health Data Visualisation
	slaxGIS: A GIS-Oriented Live USB Linux system
	Promotion of Access to Spatial Information using Web-based Open Source GIS to Cape Town Communities Living at Informal Settlement
	Building an Open Source Mobile GIS Client
	Mapping Kit for Drupal
	Students in Action: Broetlikrones Project

	LABS
	Practical Introduction to Spatial Data Integrator Powered by Talend
	Working with GeoServer
	Practical Introduction to the MapFish Web-Mapping Framework
	Introduction to the 52°North Web Processing Service
	MapWindow GIS Lab - Introduction to Custom GIS Application Development for Windows
	Practical Introduction into 52°North's Sensor Observation Service
	PMGenerating End-to-End Web Mapping Applications with geGIS
	Creating MapGuide Maps with Style
	Practical Introduction to OrbisGIS
	Raster Processing and Preparation with GDAL
	Configuration of Deegree Web Services with an OpenJUMP based ConfigurationTool
	Extending the Functionality of QGIS with Python Plugins
	Practical Introduction to Fusion
	A Practical Introduction to BirdEye: A GeoVisualization ToolKit
	Integration of Access Controlled OGC Web Services in Identity Federation Systems based on 52°North Security Solutions and OpenSSO
	Using and Extending ILWIS Open Source GIS Software together with GEONETCast Services for Web-based Satellite Image Analysis
	Mapping of Information: A must for Development
	There and Back Again. Using uDig to Perform Real-World Tasks.
	Supporting Sustainable Development: The GRASS Opportunity

	WORKSHOPS
	Getting Started with MapServer
	Setting up a Geospatial Catalog using GeoNetwork
	Collaborative Mapmaking with GeoDjango
	FOSS4G Routing with pgRouting tools and OpenStreetMap Road Data
	Standardized Geoprocessing with 52°North Open Source Software
	Introduction to Geoportal Management using Mapbender
	OpenLayers Building Web Mapping Applications with a Solid Foundation
	Practical Introduction to MapGuide Open Source
	Mapserver OGC Web Services Workshop
	MapWindow GIS Workshop Introduction to Custom GIS Application Development for Windows
	Practical Introduction to GRASS and Related Software for Beginners
	The Open-Geo Stack: Open-Layers, GeoServer, PostGIS
	Hydrological and Geomorphological Terrain Analysis with JGrass
	Introduction to gvSIG/SEXTANTE as Desktop GIS with Advanced Spatial Analysis and SDI Publishing Tools
	Web based GIS and Domain Model Integration

	SEARCH
	Welcome Addresses
	Review Process and Referees
	Organising Team
	Sponsors and Exhibitors
	Programme
	Assistance / Help
	Disclaimer
	Exit

	page0: 239
	page1: 240
	page2: 241
	page3: 242
	page4: 243
	page5: 244
	page6: 245
	page7: 246


