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GEON Visualization Workshop

Meeting Conveners:

Chuck Meertens, meertens@unavco.org , UNAVCO, 303-381-7465

Chaitan Baru, baru@sdsc.edu, San Diego Supercomputing Center (SDSC)

Ramon Arrowsmith, ramon.arrowsmith@asu.edu, Arizona State University

Geon Administrative Coordinator: Margaret Banton, San Diego Supercomputing Center, 858-534-5070, banton@sdsc.edu
Location: San Diego Supercomputing Center / CAL IT2 Synthesis Center

Dates: March 1 and 2, 2005

Overview

GEON sponsored a visualization workshop that was held March 1-2, 2005, in the new Synthesis Center at the San Diego Super Computer Center. The goal of the workshop was to examine visualization and data systems developments related to 4D representation of earth science datasets and models in a grid computing environment. The focus was on defining the visualization requirements needed to conduct integrative science, to evaluate what tools are available, and to assess the areas where additional developments are needed. Data discovery, retrieval, standards, and interoperability among visualization packages and in relation to the GEONgrid were addressed in the workshop. In all, over 25 persons attended during the course of the meeting and presentations included a wide range of state-of-the-art visualization tools spectacularly displayed on the new Synthesis Center wide-screens and stereowall. The workshop webpage gives the agenda, participants, visualization links, and has the presentations and can be found at http://www.geongrid.org/workshops/geonvis2005/.  This report provides an overview of the major themes of the workshop as well as ideas and points raised during the breakout sessions and other informal conversations.

Logistics and acknowledgements

The workshop was organized by Chuck Meertens (UNAVCO) with input from Chaitan Baru (SDSC) and Ramón Arrowsmith (ASU).  Thanks to Margaret Banton who enabled the workhop logistically and to Linda Ferri for hosting us in the inaugural event of the SDSC/CalIT2 Synthesis Center (http://www.syncenter.org/). We are grateful to all of the presenters for sharing their time and for the involvement of the participants.  This workshop was supported by GEON with funding from the National Science Foundation.

Table of contents

1Overview


1Logistics and acknowledgements


2Table of contents


3Workshop topic organization


3Goals and motivation


3Workshop structure


3Science Visualization Needs – The science “Domain” view


3Presentations


4Breakout discussions


5Group 1 commentary


6Group 2 commentary


8Visualization Systems


8Geowall


9Developer presentation summaries


10Final discussion and action items


10Tabulated Workshop recommendations


12Appendix A.  Agenda


12Day 1 Tuesday 1 March 2005


13Day 2 Wednesday 2 March 2005


15Appendix B.  Participants


15Meeting Conveners


15Participants


16Appendix C.  Prototype visualization questionnaire


16General alternative


17Functional alternative with some specific capabilities identified


18Appendix D.  Roles of Visualization in the Process of Geo-science:  summary of Mark Gehegan’s presentation


20Appendix E.  Summary of domain scientist presentation themes.


22Appendix F.  The Geowall application development strategy: summary of presentation by Paul Morin


23Appendix G.  Elaboration of workshop motivations from the domain side—summary of talk by Chuck Meertens


25Appendix H.  Important links not otherwise highlighted in the text





Workshop topic organization

Goals and motivation

The goals of the workshop were the following:

· Address 4D representation of earth science datasets and models in a grid computing environment. 
· Define the visualization requirements needed to conduct integrative science

· Evaluate what visualization tools are available

· Assess the areas where additional developments are needed

· Address data discovery, retrieval, standards, and interoperability among visualization packages and in relation to the GEONgrid

GEON is working to bring together the science needs of earth science with the capabilities and research interests of information technology to support the day-to-day conduct of science. Visualization is a central component of the interpretive environment that we seek to build.

Workshop structure

The structure of the workshop was to start with the view from the domain side and review the science visualization needs (see Appendix A for the agenda and Appendix G for an elaboration of the workshop motivations).  From there, we moved to software demonstrations from leading developers and data providers.  The afternoon of the first day concluded with parallel breakout sessions focused on multidimensional visualization and data needs, interoperability, portals and web services. The second session (second day) emphasized the visualization tools and had numerous presentations by developers followed by parallel breakout sessions focused on data handling, feature definitions, capabilities, current “choke points,” future developments, and GEON participation.  The meeting ended with identification of GEON action items, plans and priorities for the next 12 months, and a meeting summary.

Science Visualization Needs – The science “Domain” view

Presentations

Scientific visualization “…aims to harness the unsurpassed capabilities of the human visual system to interpret patterns and structures… and able to engage the expert’s deep conceptual models and reasoning abilities.” (Gahegan)

Mark Gahegan (PSU) kicked of the first session’s presentations with a overview of the roles of visualization in the process of geoscience.  See Appendix D for a summary.  He was followed by domain scientist presentations.  Appendix E summarizes themes of PI presentations from Arrowsmith, Keller, Oldow, and Seber, while Appendix G provides an overview perspective summarizing the early presentation by Meertens.  

In terms of visualization in a meta sense, we need to think about what we are doing and take advantage of research on cognition and perceptions.  There are strengths and weaknesses of the human visual system and we must be aware of illusions (intentional or not). There are many different modes of visualization: maps and imagery, solid models, photorealistic graph-based, iconographic, immersive collaboratories.  Important questions with which we are left are: 

•How to combine visualization and scientific workflow: what are the best roles for the different tools?

•How could visualization radically change the way collaborative geoscience be carried out? 
In terms of software, the major tools, vendors, and formats in use are: ESRI, VRML (http://www.holodraw.org), GRASS, OpenSceneGraph, Codex, GMT, Vulcan, process based (e.g., faulting, gravity, seismology).  We noted that the group appreciated the move towards a more distributed mode of science in general and visualization specifically. 

Minimum typical data requirements are point and volume geophysical observations, interpolations, and models, surficial polygon information (e.g., geology), and imagery (satellite & aerial, etc.).  Arrowsmith and Oldow highlighted the need for producing and handling digital topography, including very high resolution data such as that coming from LiDAR (Light Distance and Ranging, a.k.a. ALSM - Airborne Laser Swath Mapping). Digital Elevation Models (DEMs) from LiDAR data collected across broad geographic regions provide a new tool for studying landscapes.

The group addressed the critical topic of integration.  Visualization can help us to do science and even change the process of doing science. We want to enable an Earth Science Interpretive Environment.  Major themes on integration (with reference to GEON) include:
· Hierarchies: 2-4D, web client to GeoWall to Cave and back 

· Integrate models and observations from the mantle through the crust to the surface
· Importance of managing discontinuities within the otherwise continuous data

· Digital topography at different scales, including very high resolution (interpolation)
· Grid based distributed system

· 4D model shown as 2D

· Shows the importance of needing to clean up or modify the regional model (how to move the moho around? “visual editing”) 
· Reference frame transformation; multiple local, single local, geospatial 

· Geosphere (http://www.geosociety.org/pubs/geosphere/) is a new publication environment that will require and also makes the opportunity for innovative visualization and scientific presentation.
Breakout discussions 

We broke into two groups and had wide ranging discussions based on this charge:

· Visualization 2D, 3D, 4D 
· Data needs, data interoperability, data portals, web services (prioritize important data formats and important data transformations for “back end” systems)

Group 1 commentary

There is no one piece of software that will do everything: the Tower of Babel piece of software is impossible.  We want to have something easy and then get used to it.  We can build things modularly, as a set of components of a visualization toolkit. 

It was evident that a survey of users might more specifically characterize the “visualization space” in terms of problems, data formats, visualization needs, and possible roles for GEON.  Appendix C presents two alternative explorations of data gathering and specification. 
With respect to GEON, What is the benefit for geoscience applications if GEON is able to standardardize?  We need to define the “killer app,” then the community will be with us.  That application could be strictly a vis tool, but on the other hand, it might be something as simple as a series of tools that support the most format conversions.  We have to overcome the problem of interoperability: What is interoperable with what?  Clearly, formats and their conversions became a major issue.  More points include (some were already addressed in this report in the earlier motivation section):

· The Open Geospatial Consortium, Inc. (OGC) is a non-profit, international, voluntary consensus standards organization that is leading the development of standards for geospatial and location based services; http://www.opengeospatial.org/):  web services model
· Need to look at serving up multiple data formats

· Web Coverage Server (actual data)

· OpenDAP is good; you can write in into your application; OpenDAP has an API

· Java: merge HDF, netCDF, OpenDAP data model (see above)

· Need to model higher level data structures

· 50 person years to reformat; so instead, need to adapt to the data they have

· Also need to adapt to standards moving forward?

· Project Rescue:  earth models reformatting (geological model i.e., goCad)
Where are the geoscientists converging in data formats?
· Atmospheric side of things is netCDF

· LEAD:  spinning around FGDC or GML

· Geoscience

· 2D realm is OGC: shapefiles, coverages, geodatabase, raster 

· Standard geometry: easily pass shapes.  No standard for geoscience attributes.  Not a solution but a framework for the solution (e.g., ontology).  No accepted GML for geoscience.  

· 3D realm is not well developed

· NetCDF may be used by ESRI

· NCAR is part of OGC

· Data conversion is just replication and that is insane

· HDF5 can describe a lot (maybe SCEC will go there).  Big hammer to hit a little stick with or netCDF4 might be better (netCDF API on top of HDF5; due out this summer). 

We had some discussion of visualization and web browsers.  Running inside a browser provides portability and consistency (multi-platform, applets).  Web services are appealing, but users will almost always want their data locally.  Browsers are a delivery mechanism.  Usually some sort of plug-in is installed anyway.  It is handier to not be inside a browser from the software standpoint.  3D and 4D applications will never (?) really be part of a browser because of the small user community and difficulties of running in an applet. 
We sensed the need to put together a small application that would demonstrate visualization requirements for GEON. A suggestion based on GEON PI interest was to bring Oldow, Keller, Arrowsmith (and others) together to bring faults and surfaces together, with geophysics, to build a 3D volume to look at a long term history of basin evolution.  Two locations were suggested where we have lots of data already and which represent two rather different scales:  Alvord Basin and Yellowstone.  We could even use concept visualization and ontology tools as we sit together.  
Group 2 commentary
This working group discussed issues related to data discovery, retrieval, standards, and interoperability among visualization packages and in relation to the GEONgrid. It is clear that advanced visualization requires extensive “back-end” systems and it is a goal of GEON to provide access to data hosted either on the GEON grid or at non-hosted sites. For GEON, the issues with non-hosted extend beyond data and visualization to data and metadata harvesting, registration, and ability to be accessed via GEON ontological searches. The working group started by discussing common data servers and server access protocols as well as desired server capabilities needed to address 4D visualization requirements.

Data/Visualization systems that were discussed can be loosely generalized into several classes:

· GIS-based systems that access ESRI (ArcIMS) and/or Open GIS Consortium servers (WMS, WFS, WCS) to retrieve, for example, cultural data, geologic maps, and imagemaps from file servers and databases. The JPL imager server and NCOne GIS server were discussed. Due in part to wide-spread commercial application of GIS, the protocols and data formats are fairly well established, though 4D format specifications are still an open question.

· Scientific and research data servers such as those used by NASA, NOAA, and NCAR. Access to these servers tends to be site-specific; formats are more freeform, multiparameter and multidimensional; and there exists a huge range of data types. There are efforts like OPeNDAP to standardize data delivery protocols from distributed servers and format standards from groups like UCAR (netCDF) and NCSA (HDF).

· Complete custom systems. Examples are the high-end EarthVision and LandMark systems that are used primarily in the petroleum industry. These systems provide extremely powerful interactive visualization, 3D map query capability, tight linkages to analysis and modeling and collaborative interactions for decision-making.

Most of the discussion focused on GIS based protocols, primarly the OGC WMS which is for image map service. 

JPL has a Multi-channel webserver for Landsat Mosaic data (5 terabytes). Based on their experiences with handling large image data sets the following recommendations were made:

-
Server should have sub-setting capability and ability for users to grab individual or collections of tiles from “virtual data archive”

-
Need standards for data formats and access

-
Should have ability for server side processing (could be web service)

-
WMS preferred protocol

Goal: Real-time, on-demand rapid access to data, rapid processing (and persistent or duplicated services

NC State  - NCOne Map (WMS) extends data access from state to local level (typically ArcIMS). Data should in future be able to go to national level as well. NCOne map tells you how to contribute servers to this “one-stop” system. From their experiences, it is important that data access needs to be easy for average person to do,  o it is desirable to have ArcIMS and WMS-compliant servers.

Toward the more research-based systems, UNAVCO has installed an OPeNDAP server on the GEON PoP computer. It used to serve a range of geophysical data including earthquakes, GPS velocity vectors, and 3D tomography and geodynamic data. The data are primarily in netCDF format. OPeNDAP delivers data using a common protocol and has server-side data subsetting. OPeNDAP does not yet have WMS capability though this is being persued.

What GEON/SDSC is doing. Ashraf Memon gave an overview of the ongoing GEON data, database and data distribution efforts underway at SDSC. Below is a summary of some of the topics discussed.

•GEON has implemented ArcIMS, and is working on OGC (WMS/WFS/WCS protocols)

•Non-hosted data sets (needs ontological search, registration and rendering – but how to get this done?)

•For non-hosted data need data harvesting of large datasets (eg. USGS)

•Some servers have FGDC files that could be harvested for metadata

•Distributed meta-data catalogs (e.g. Thredds) should be looked into

•OPeNDAP will be looked into

•Issue of persistence of links, data sources, etc. brought up

•Hosted vs. non-hosted data, webservices. SDSC needs feedback to help prioritize software development efforts

GRID Capabilities discussed: gridftp for making copies of data (could be terabytes) uses parallel channels, computation grid for processing (Rocks), peer-to-peer query capability- under development (all API level).

GEON Database Development:

•
GRASS, Mapserver and ARC can handle some databases (spatial and non)

•GEON-supported Databases (MySQL, Oracle, Postgress, SQLServer)
•Schema-based search

•Schema-based mapping or integration

•Second level of integration

•Third level ontology based integration

•Geometry separate from metadata

•Database integration, shape file integration talk by Ashraf and Kai will be put on line for group to see.

DATA FORMATS

The group closed with a discussion of data formats, particularly those needed for 3D-4D data. The discussion covered  several types of information. 1) gridded data file formats, such as 3D-4D gridded data files that can be contained in ascii, netCDF and HDF formats and might be, for example, mantle tomography model results and, 2)  3D renderings that can be stored and displayed in such format as VRML. This format would be used to describe 3D isosurfaces or 3D volumes such as geologic units. 3) 3D vector data was mentioned.

•Volume Raster (GRASS) but lots of discussion e.g. HDF for 4D data formats still open question in GRASS community. 3D Vector Data (formats from CAD community a possibility). In VIS5D use VRML (VRML might be dying, but is only thing. Note in editing: VRML is being superceded by X3D which is more oriented to real-time 3D over networks, see: www.web3d.org). Fledermaus has proprietary format. GEON could, however, get data files but not worry about file format (for example user can download and use free Fledermaus viewer).

•Recommend work on NetCDF as format (find out about HDF and netCDF3/HDF5 integration effort at UNIDATA). Look into SEGY for regular spaced data. This format is used in the exploration industry for storing seismic data and might have a more general application (UTEP and Rice PIs could be asked about this. The format is 2D and 3D, but could be a complicated format. A suggestion was also to look at VRML. 

•It was emphasized that the data format should not be too complex to implement.

•Common Data Model is being develop by Unidata to combine elements of HDF5 with netCDF3.

•Project “Rescue” for 3D geologic to Reservoir simulation and back to visualization (that is built around simulations). (DGI involved in this). Was rigorously constructed by industry and could be looked at. 
Visualization Systems

Geowall

The second session started off with a presentation via video by Paul Morin (U. Minn) on the GeoWall (http://www.geowall.org).  He reviewed the successful implementation of low cost stereo viewing represented by the Geowall (see Appendix F for a summary of his talk).  We have to remember that we don’t need stereo all the time, but it can be very effective for many applications in geoscience research and teaching.  Keys to success are to seed the community with example applications, collaborate with industry, and take advantage of the lower end of the technology (and cost).  The software follows the needs of research and education.  Geowall critical mass has been reached in the Geosciences.
Developer presentation summaries

	Software/presenter
	Overview

	Integrated Data Viewer/IDV (Unidata, http://www.unidata.ucar.edu/content/software/idv), Don Murray
	The Integrated Data Viewer (IDV) from Unidata is a freely-available Java(TM)-based software framework for analyzing and visualizing geoscience data. It allows the user to access data from distributed systems by WMS and OPeNDAP protocols, generate volume renderings from raw data, interact with the data, and  collaborate.

	Vista/TeraShake (SDSC, http://vistools.npaci.edu/VISTA/VISTA.htm), Amit Chourasia
	Creating a visualization of Rupture Dynamics simulation is done by SCEC researchers. Visualization is performed using VISTA on Teragrid cluster at SDSC. The initial volume dataset is 801 x 801 x 401 box, which contains velocity magnitude information for the rupture dynamics wave propagation at different point of time. The data is sampled at 600 timesteps, is about 600 GB which is archived at SDSC.

	GeoFusion (http://www.geofusion.com), Chuck Stein
	Toolkit versus application GeoMatrix toolkit and Digital Earth API

Earth as interface (people get confused with projected maps; they don’t get confused with a globe)

	Center for Research in Computing and the Arts (CRCA, http://www-crca.ucsd.edu/), Todd Margolis and Sheldon Brown (Includes summary of EVL, U. Illinois at Chicago activities, http://www.evl.uic.edu/EVL/)
	http://crca.ucsd.edu/GEON/


	NASA/JPL (http://pat.jpl.nasa.gov/), Kevin Hussey and Lucian Plesea
	“OnEarth” WMS server

15 m, 30, 60 m; higher resolution than anything else (5 Tb)

Distributed data will be 2Tb

http://onearth.jpl.nasa.gov/
http://geoview.edina.ac.uk/JPL/index.jsp
http://worldwind.arc.nasa.gov 

	GMT (U. Hawaii, http://gmt.soest.hawaii.edu), Paul Wessel
	GMT is an open source collection of ~60 tools for manipulating geographic and Cartesian data sets (including filtering, trend fitting, gridding, projecting, etc.) and producing Encapsulated PostScript File (EPS) illustrations ranging from simple x-y plots via contour maps to artificially illuminated surfaces and 3-D perspective views. GMT supports ~30 map projections and transformations and comes with support data such as coastlines, rivers, and political boundaries.

	GRASS (NC State Department of Marine, Earth and Atmospheric Sciences, http://skagit.meas.ncsu.edu/~helena/), Helena Mitasova

http://grass.itc.it/index.php
	GRASS is an open source Geographic Information System (GIS) used for geospatial data management and analysis, image processing, graphics/maps production, spatial modeling, and visualization. 

GRASS 6 offers support for 3D raster voxel volumes. Basic features

currently cover: 3D import/export, 3D map algebra, 3D volumes

interpolation (IDW algorithm; RST regularized splines with tension

algorithm), 3D visualization integrated with NVIZ, 4D

visualization using external Vis5D software

	Augmented Reality (SDSC, http://www.geongrid.org/res_viz.html), Matt Clothier
	Data in context with environment

	EarthVision (Dynamic Graphics, http://www.dgi.com/), Skip Pack and Art Paradis
	Earth models emphasizing faults; Approach is different

Incredibly rich data environment

What we ultimately want to do

Fallacy of stereo:  petroleum guys only use it 1% of the time

	Fledermaus (http://www.ivs.unb.ca/products/fledermaus/); note that free viewer is http://www.ivs.unb.ca/products/iview3d/ which can reader Fledermaus format files.
	Fledermaus is a powerful interactive 3D data visualization system that is used for a variety of applications including environmental impact assessment, mining, geology, and research.

No volume visualization, No time varying animation

Runs well on the desktop. Can add in seismic reflection cross sections


Final discussion and action items

As the workshop wound down with the participants’ heads full of visualized scientific opportunities, we sought to define our next steps.  Again, we sensed the need to gather more information (Need to make a matrix of the tools and their capabilities; 

e.g., Appendix C).  

A number of comments were related to the GeonPortal.  If we integrate visualization sensu lato into GEON, it will be right there in the portal immediately. We might be able to use Geofusion as access browser and click on files to visualize them.  Equally important would be the concept browsing capability that might come from using Codex. A critical and obvious area of emphasis should be the GeoWall.  How can GEON tie with GeoWall?  Some easy ways are to develop tools for the production or conversion of GeoWall content (geowall corner of the portal: click load and run).
How can we enhance the collaboration that is necessary for this?  Shall we use Wiki on the portal (http://wiki.org/wiki.cgi?WhatIsWiki)? Other tools that were mentioned is Zope (http://www.zope.org/) and Trillian (http://www.ceruleanstudios.com/). With Zope, we can use RSS for the production of new views and datasets and new capabilities and thus they are syndicated.  

On the science side of things, what do we need?  

· We need visualization at all parts of the science pathway

· Need to get the best earth model we can

· This model is the one that is best constrained with the most data

We need to put together a couple of applications that demonstrate visualization requirements for GEON. As mentioned earlier, a suggestion was to bring together Oldow, Keller, Arrowsmith (and others) and pull together data on faults, surfaces, and geophysics to build a 3D volume to look at a long term history of basin evolution.  Two locations were suggested where we have lots of data already and which represent two rather different scales:  Alvord Basin and Yellowstone.  A target science research topic is deformation rate variation over different timescales that can be investigated in the Alvord Basin, while Yellowstone is a high profile earth model. In addition, constructing better paleogeography for the Appalachians from real data using visualization techniques would bring in Crawford, Sinha, Rees, Scotese.  It ties to mantle processes at long time scales and would have an opening for collaboration with Chronos.

Tabulated Workshop recommendations

· Data access is a critical component of visualization. Recommendation was made to support WMS (and related WFS, WCS). First step of Web service resource registration and query implemented at GEON Portal. Ontology registration and data service will follow. IDV now can access WMS servers.
· Need for data format standards recognized (at least a finite list and/or interoperability). Will look into netCDF-HDF integration and VRML. Volume registration plan developed that will use netCDF.

· GEON Portal needs visual browser access to data (e.g. Geofusion). As a result Geofusion is being implemented on SDSC GEON server and extensive data sets made available (e.g. JPL Image data).

· Need for small intensive science study areas: Suggested Evolution of the Alvord Basin and active processes at Yellowstone and constructing better paleogeography for the Appalachians from real data using visualization techniques. This process underway.

· Desire for easy access to GEON data and visualizations using the GEOWall. Solution tied to server-side applications, multi-format data servers (e.g. Fledermaus, WMS, OPeNDAP) and stereo-capable software such as the IDV, Fledermaus.
Appendix A.  Agenda

Day 1 Tuesday 1 March 2005

8:00 Continental Breakfast at the Synthesis Center

8:30 Introduction and logistics (Meertens and Banton)

8:40 Introduction to GEON science problems and visualization requirements and workshop goals, Chuck Meertens, UNAVCO

9:00 Session 1: Science Visualization Needs – The science “Domain” view (Session Chair Arrowsmith) GEON Science: www.geongrid.org 

Keynote Talk: Visualization paradigms and their possible roles in GEON;  Mark Gahegan, GeoVISTA Center, Geography Department, Penn State University

9:30 GEON Science PI talks. A series of 15 minute talks (plus 5 minutes for questions) that touch on the following topics:

Visualization software that scientists are currently using

Data requirements

Special visualization needs

Model visualization, interactive computation, comparison with data

Integration requirements for the GeonGrid

Difficulties using software

Questions and Answers after each talk

Ramon Arrowsmith, Department of Geological Sciences, Arizona State University

Randy Keller, Dept of Geological Sciences, University of Texas at El Paso

John Oldow, Department of Geological Sciences, University of Idaho

Dogan Seber, San Diego SuperComputing Center

11:45 Demonstration advertisements (1-2 minutes each)

12:00 Lunch

1:00 Wrap up of morning session. Summary of common needs and themes from session chairs.

1:15 - 3:15 Two back-to-back software demo sessions. Half of the demonstrations will take place the first hour and half the second hour to allow developers to see each other's visualization tools. The Synthesis Center has a sterographic wall (running on its own Windows XP computer) and four 42 inch LCD displays set up around the Center, that can connected to demonstrators own laptops.

3:15 Break

3:30- 5:00 Breakout Groups. Two groups will be formed to discuss:

Visualization 2D, 3D, 4D 

Data needs, data interoperability, data portals, web services (prioritize important data formats and important data transformations for “back end” systems)

5:00 Summary Reports from Breakout Group Chairs

5:30 Break for Dinner

Day 2 Wednesday 2 March 2005

8:00 Continental Breakfast at the Synthesis Center

8:30 Session 2: Visualization Systems. Extended visualization developer talks 

Keynote talk by Paul Morin (via videoconference) with an overview of visualization technologies supported by GeoWall. GeoWall supports many visualization packages and as such has become a bit of a clearing house for 3D technologies.

http://geowall.geo.lsa.umich.edu/software.html
9:00 Each developer will have 15 minutes to speak and 5 minutes for Q&A from the audience.

- Integrated Data Viewer/IDV (Unidata, http://www.unidata.ucar.edu/content/software/idv), Don Murray

- Vista/TeraShake (SDSC, http://vistools.npaci.edu/VISTA/VISTA.htm), Amit Chourasia

- GeoFusion (http://www.geofusion.com), Chuck Stein

- ESRI/ArcGlobe (www.esri.com) TBD

- Center for Research in Computing and the Arts (CRCA, http://www-crca.ucsd.edu/), Todd Margolis and Sheldon Brown (Includes summary of EVL, U. Illinois at Chicago activities, http://www.evl.uic.edu/EVL/) 

10:40 Break

- NASA/JPL (http://pat.jpl.nasa.gov/), Kevin Hussey and Lucian Plesea

- GMT (U. Hawaii, http://gmt.soest.hawaii.edu), Paul Wessel

- Augmented Reality (SDSC, http://www.geongrid.org/res_viz.html), Matt Clothier

- EarthVision (Dynamic Graphics, http://www.dgi.com/), Skip Pack

- GRASS (NC State Department of Marine, Earth and Atmospheric Sciences,
 http://skagit.meas.ncsu.edu/~helena/), Helena Mitasova
Topics to be covered in developer presentations:

Types of data handled

Detailed feature descriptions

How software can address science problems

Current "choke points" of the tools

Future developments

GEON participation

Q&A from audience

12:40 Lunch

1:30 Wrap up summary of morning technology presentations from session chair. Charge to afternoon breakout sessions.

1:45-2:45 Breakout sessions. The actual topics will depend on the outcomes from Tuesday’s breakout groups.

Possible topics include:

Science integration

Visualizations and models

Hyper dimensional data files (4D and multiparameter)

High-end commercial software (e.g. Landmark)

Publishing 3D-4D publications (work and visualization)

2:45 Break

3:00 Breakout Group summary presentations, wrap-up of Group discussion

GEON action items, plans and priorities for the next 12 months, and meeting summary

 

4:00 Conclusion of Workshop
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Appendix C.  Prototype visualization questionnaire

Something like these questionnaires might be helpful to gather more specific information about bringing together visualization needs and capabilities.

General alternative

Please help us by providing the following information:

Name/software

What is the problem for which you need visualization?

Formats can I or would I want to export/import

Raster:



Vector:                                    Volume:

Functionality


Geometries



Surfaces, textures


____________



Voxelated models


____________



Slicing




Texturemap the slice

____________



Isosurface



____________


Interactive



View control



____________



Touching the data:  does it link to the real data or some other view








____________



Change the data


____________



Model interaction


____________



Concept visualization?

____________

Other functionality capable or desired?

Other comments?

Functional alternative with some specific capabilities identified

•What is the problem?
•Need to work out a common path to get through the common formats

•Formats can I export/import

•Functionality

•
Geometries

•

Surfaces, textures

•

Voxelated models

•

Slicing

•


Texturemap the slice

•

Isosurface

•
Interactive

•

View control

•

Linking and brushing

•

Touching the data:  does it link to the real data or some other view

•

Change the data

•

Model interaction

•

Concept visualization?

•


Need to share/combine their data

•


Sketch out the conceptual understanding

•


Conceptual perspectives

•


Capture the groups understanding

•

GeoCollaboratory: embed the concepts into the solid model (link or embed)  Fairly expensive
Appendix D.  Roles of Visualization in the Process of Geo-science:  summary of Mark Gehegan’s presentation

Scientific visualization “…aims to harness the unsurpassed capabilities of the human visual system to interpret patterns and structures… and able to engage the expert’s deep conceptual models and reasoning abilities.” (Gahegan)

Mark Gahegan (PSU) kicked of the first session’s presentations with a overview of the roles of visualization in the process of geoscience.  Numerous techniques and approaches are employed in visualization (e.g., maps and imagery, solid models [volumetric visualization], photo-realistic visualization, graph-based visualization, iconographic methods, “themescapes”, and immersive displays).  Thus, as we assess our needs, we must work to identify the appropriate approach.  

Visualization is inherently related to human perception and cognition.  The human visual system has a highly parallel, very specialized architecture with three basic channels (movement, color, shape / pattern).  It has an information transfer rate of around 2 Gigabits per second. Over 50% of the brain is involved with visual perception. We can see: Location, Depth, Texture, Color, Shape, Movement, Pattern, and more.  The physiology of the retina and connective arrangements of nerves (rods, cones, bipolar cells, ganglion cells) is well understood.  However, what is not so well understood is how the signals generated in response to a visual stimulus give rise to ideas and notions.  The perceptual process is a continuum between activities that require thought, experience or training (attentive tasks) and those that do not, because they are ‘hardwired’ (pre-attentive tasks)--think of the laser point flying around. Pre attentive tasks are quick (100ms) whereas attentive ones require an act of will.  In the modal model of the mind, sensory input goes into a sensory store (from which information is lost in a few seconds without attention).  With attention, the information will be put into short term memory (STM; from where it may be lost within 10s of seconds.  We require rehearsal for maintenance of STM (we can only remember 7 ± 2 things) and encoding into long term memory.  Retrieval is then done from long term memory. 

The human visual system is especially proficient at detecting movement, recognizing objects and patterns, and judging depth. So, in visualization, we know how to efficiently have viewers rank perceptual tasks, how to use color theory and sizing to code items, and how some variables combine (color and shape).  On the other hand, our vision system is poor at quantification in general, and at judging levels of intensity or saturation, relative measures of size (worse in 3D) in particular.  In addition, we can be easily misled. There are specific hardware arrangements that make us see things that are not there, and not see things that are.

Examples from Gahegan focused on:

· Imagery, maps, ontology based map integration (evaluate mental models of the geologic mapper)

· Very adept at looking at the landscape (if it looks like hills we can interpret it)

· Complex glyphs showing landscape attributes

· Combine geochemical and geophysical data make a cosmic landscape

· Can have a cognitive cost

· Volumetric work (mine with drill holes and structures, isosurfaces, sesmics)

· Curved display; workbench (work together in this virtual setting)

As a summary, Mark showed that visualization is an integral part of all science tasks: It is part of the analytical process and is integral in conceptual structures (e.g. ontologies, concept maps), , collaboratories, and shared virtual spaces, and in education and learning. Geoscience needs better support for discovery, collaboration, education. Visualization is currently our most immediate method of engagement.  2D and 2.5D tools are well-developed and we need them, but 2D is not always adequate.  Volumetric (3D) visualization is still in flux and more direct support from hardware developers makes it feasible locally on a modest scale.  Finally, data intensive visualization is challenging over a GRID.

Appendix E.  Summary of domain scientist presentation themes.

	PI
	Visualization software
	Data requirements
	Special visualization needs including model comparison with data and difficulties
	Integration requirements for the GeonGrid
	Comments

	Arrowsmith
	•2D:  ArcMap, ArcIMS, GRASS, GMT
•2.5D: ArcScene, ArcGlobe, VRML

•3D: VRML, OpenSceneGraph

•4D: ArcScene fly (really 3.5D)?


	•Digital Topography (including LiDAR)
•Remotely sensed imagery or shapefile texture map

•Seismicity, 3D structures, volume data

•Model inputs (geometry), outputs (calculated deformation fields) (e. g., Poly3D)
	Hierarchies of presentation environments: (Thin) client, Desktop, Geowall, BigWall, Cave

Visualizing mechanical models
	•Democratization/portability
•Ease of adding content

•3d interactivity: rapid zoom over large spatial scales of high res data (need LOD), as well as 3D digitizing and added surface fitting and other interpretive capability, including model steering.


	Want to enable an Earth Science Interpretive Environment
Good reference: Bernadin, et al., Real-time Terrain Mapping, IEEE Transactions on Visualization and Computer Graphics, 2005
See the GRASS GIS and VRML interactive visualization system we have developed at:

http://agassiz.la.asu.edu:8080/gservlet/

	Keller
	GMT, ESRI, custom code
	
	•Visualize the seismic refraction models: Cross sections and horizontal slice?

•Major features in the crust and a slice through the mantle at 100 km 

•Want to be able to do the comparisons between seismic, geologic, and gravity data/models (“put some geologic flesh” onto the models)

•Trouble with volume type visualization is the need to image the discontinuities:  need to put boundaries into the model
	•We want to integrate from upper mantle to the near surface, and so we need lots of data from different levels of the lithosphere

•Overlay of geologic and geophysical observations (also serial vertical slices)

•Build blocks from those

•Profile versus manipulating the 3d models (gravity)

•3D volume with many physical properties assigned to each volume element.  We need to be able to slice and manipulate this model.
	Geosphere (http://www.geosociety.org/pubs/geosphere/) is a new publication environment that will require and also makes the opportunity for innovative visualization and scientific presentation.

	Oldow
	•ArcScene

•OpenSceneGraph

•GOcad

•IDV

•Vulcan
	•DEM

•Geologic/geophysical coverage

•Space imagery

•USGS Digital OrthoPhoto Quarter Quadrangles

•High resolution topography (Ground based lidar)
	•Develop three dimensional volumes

•Grid interpolation for 10 to 100 million point datasets (LiDAR point clouds)

•Reference frame transformation; multiple local, single local, geospatial
	Example:  

•Small part of the Great Basin:  Physiographic map with ANSS data (900k eqs)

•Steens Mountain and the Alvord Basin

•GPS velocities: delta 2-3 mm/yr across the boundary

•Compare that with the late Quaternary record of faulting

•DOQQ coverage: hi res and spatially rectified

•No seismicity there.  No one there: “everyone died in the last earthquake”

•Active faults and lake shorelines: 12ka

•Demo in ArcScene showing DEM, DOQQ, Ground based lidar
	Application of Geovisualization in Active tectonics: 10-10000 years:

Objective: minimize the number of software applications

	Seber
	Mostly custom within SYNSEIS
	Compare observed and simulated waveforms
	•What do we have to give up as we implement the visualization?  HPC challenges:  too much data?  4D model shown as 2D

•Shows the importance of needing to clean up or modify the regional model (how to move the moho around? “visual editing”)
	
	Developing a 3D seismic wave propagation tool:  SYNSEIS

Connects with IRIS DMC and communicate with the data handing interface to get earthquakes, stations, and waveforms


Appendix F.  The Geowall application development strategy: summary of presentation by Paul Morin

GeoWall started with the question of how to make stereo projection and 3D visualization accessible and bring it out of the expensive visualization rooms in the petroleum industry and bring it to the classroom, office, and laboratory.  The systems are built from consumer grade hardware (should be purchaseable at Best Buy), are portable, and cost less than $10k.  Their initial strategy was to seed the community with basic applications (WallView for stereopairs, immersaview for VRML, and Walkabout for walking in maps).  They focused on identifying the “killer vis” for geoscience such as earthquake hypocenters, stereomaps, stereophotography, and geologic cores.  

Stereo maps are easy to produce from paper maps, imagery or GIS data. They can be very high resolution and created with off-the-shelf software.  They are often used in introductory geoscience classes and the effects are impressive.  Teaching contours for example in an early laboratory exercise is now trivial.  Stereopairs represent the easiest application and are produced using a simply configured pair of digital cameras and are often used for field trip preparation and debriefing.  Now this is done within Powerpoint. See also http://www.pokescope.com/. Walking a map allows the viewer to examine the map from within and can be used to augment field work.  Themes can be changed as one walks (maps, aerial photography, satellite imagery, field notes).

As they move forward, the continuing growth strategies are to continue to pick low hanging fruit, identify earth science applications that require visualization (core interpretation and 3D mapping), seduce the key software vendor into supporting GeoWall (ESRI’s ArcScene). In addition, it is important to include other key technologies such as IVS (http://www.ivs.unb.ca/) for topographic visualization and map server for web-based GIS delivery. So far, about 400 Geowalls have been installed (about 2-10 new systems per week), and about 25% of non-major introductory geology students use Geowalls in their coursework.  One of the reason for the success of the Geowall effort has been a strong involvement of computer science students.  These students again an appreciation of the domain needs by having summer internships at geoscience departments, participating in fieldwork, attending annual meetings of the Geological Society of America and the American Geophysical Union and other workshops, and they are authors of articles published in geoscience journals.

Appendix G.  Elaboration of workshop motivations from the domain side—summary of talk by Chuck Meertens

Earth scientists have long been interested in visualization. Geologists may examine outcrops, create interpretations as sketches, and maps leading to published visualizations.  This work is often done using the tools of Geographic Information Systems (GIS).  Features such as contacts are mapped as polylines representing the intersection of a surface with the earth’s topography. In addition, geologists often work at broad spatial and temporal scales (we go from a few microns inside a Zircon to hundreds of km of a mountain belt, and from seconds to billions of years). Geophysicists seek to understand large-scale structures and processes within the earth and often have massive data sets or model results that may be gridded already.  Earthscope (http://www.earthscope.org) is an example of a largely geophysical effort that the GEON project as a whole and the visualization effort in particular should use as motivating target set of scenarios. In the end, we would like to integrate geologic and geophysical data and model results seamlessly.

Visualization is multidimensional:  4D data visualization (x,y,z,t) emphasizes that time is the 4th dimension; we are not interested in 4D space (no tesseracts). The dimensionality of visualization is:

· 2D (x,y) Mapping: objects (points, lines polygons), raster grids

· 2 ½ D (x,y,Height) Adds height (e.g. Surface or relief) sometimes erroneously called 3D mapping: Raster grids with elevation, vector or point elevations, contour terrain models for surface generation
· 3D (x,y,z) Volume Mapping and rendering: 3D Raster grids, 3D grid cells (Voxel, volumetric elements), iso-volumes. Can add cross-sections, cut-outs, rotation, lighting
· Pseudo-3D (x,z) add cross-sections, time slices to 2D
· 3.5D (x,y,Height,time): Time-lapse animated surfaces, surface fly-throughs
· 4D (x,y,z,t): Adds time animation to volume mapping
· 5D (x,y,z,t,Attribute): Adds attributes to 4D

GIS (such as ArcGIS—the industry leader from ESRI; http://www.esri.com) is becoming widely applied in geology largely because of the nature of the mapping process and the types of data that are available. Geologists often have the need for query access to the data.  It is also widely used by the US Geological Survey and other data providers and has other commercial applications. On the other hand, geophysicists more commonly use tools such as the Generic Mapping Tools (GMT; http://gmt.soest.hawaii.edu/) which is an open source collection of tools for “…manipulating geographic and Cartesian data sets (including filtering, trend fitting, gridding, projecting, etc.) and producing Encapsulated PostScript File (EPS) illustrations ranging from simple x-y plots via contour maps to artificially illuminated surfaces and 3-D perspective views.  “  It is popular because of the specialized nature of geophysical data and its representation (e.g., GPS vectors and focal mechanisms) and because the models are more typically fully 3D and surfaces can be calculated from the results. It also has an advantage of having been built by geophysicists for geophysicists and has enjoyed broad community support.  However, visualization and mapping systems are converging.  For example, Integrated Data Viewer/IDV (Unidata, http://www.unidata.ucar.edu/content/software/idv), has the capability to make 3D visualizations and import shape files.

While visualization packages can simply access local data files, for GEON, it is desirable to look at visualization as part of a larger data system that generally involves some combination of the following elements: discovery, archive, and internet access/delivery. However, accomplishing such a vision is challenging because of the diverse modes of data access (in the GIS world: ArcIMS, Web Mapping Service (WMS), Feature Service (WFS), Coverage Service (WCS) versus In the Science world: http, ftp, scp, OPeNDAP, Grid Services).  

Current challenges and issues for data access sensu lato include: 

· Can’t “Google”, load and view!
· Discovery of data is archive/source-specific

· Many geoscience data formats are not standard or are domain-specific

· Metadata formats are not standardized and may be separate from data or difficult to access in a machine readable way

· Data retrieval may require use of site-specific GUI or have other barriers

· It may not be possible to easily subset large datasets

· Very few datasets are accessible by a “webservice”

· As a result, the typical workflow “component” needed to go from data to visualization involves inserting a grad student into the process!

Efforts to reduce these barriers include OGC and OPeNDAP because of the heterogeneity of servers, clients, file formats, and protocols that are supported.  However, geospatial webservices are not currently supported. 

Two common interfaces in use in various modes in earth science and other fields are NetCDF and HDF. It is essential that we simultaneously work to integrate the various data access models as we develop tools for their visualization.  “NetCDF (network Common Data Form) is an interface for array-oriented data access and a library that provides an implementation of the interface. The netCDF library also defines a machine-independent format for representing scientific data. Together, the interface, library, and format support the creation, access, and sharing of scientific data” (http://my.unidata.ucar.edu/content/software/netcdf/index.html). “At its lowest level, HDF is a physical file format for storing scientific data. At its highest level, HDF is a collection of utilities and applications for manipulating, viewing, and analyzing data in HDF files. Between these levels, HDF is a software library that provides high-level APIs and a low-level data interface” (http://hdf.ncsa.uiuc.edu/whatishdf.html). Unidata has a NASA-funded project to create a new version of netCDF using the HDF5 file format. They plan to extend and merge netCDF and HDF5 because of the widespread use and simplicity of netCDF and the generality and performance of HDF5.  They plan to work with OpeNDap with a goal to build a common data model.
Appendix H.  Important links not otherwise highlighted in the text

Global Mapper is more than just a viewer capable of displaying the most popular raster, elevation, and vector datasets. It converts, edits, prints, tracks GPS, and allows you to utilize GIS functionality on your datasets in one low cost and easy to use software package. The new 6.xx release adds the ability to directly access the entire TerraServer database of USGS satellite imagery and topographic maps from within Global Mapper and to view elevation data in true 3D!

http://www.globalmapper.com/
VIS Portal:  http://visservices.npaci.edu/
The FreeGIS Project (http://freegis.org/)  provides

software overview on Free Geographic Information Systems (our web site)

communication on developments, plans, information on Free GIS Software and Free Geo-Data
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