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ArcGIS Application Development Workshop Notes

February 18-19, 2004

Fort Collins, Colorado

This workshop was organized to provide an opportunity for ArcGIS developers working on NPS-sponsored projects to meet and share computer programming and application development experiences with peers in order to create a more collaborative development environment and help flatten the learning curve for effective ArcGIS application development.  After review and discussion of each project, the group captured suggested actions for technical research and application enhancements that NPS project leaders and developers can consider for improving their projects.
Metadata Tools Extension for ArcCatalog

Eric Compas presented an overview of the tools and extension which is a VB application that is compiled into a .DLL and registered in ArcCatalog as an extension.  The application uses ESRI objects and the MS XML 3.0 library.  The new tools have context-sensitive HTML help and address several bugs and deficiencies in the existing ArcCatalog metadata tools.  The tools work with file-based metadata in XML and include new XSL style sheets for viewing Biological Data Profile metadata.  For more information see: http://www1.nature.nps.gov/im/units/mwr/gis/metadata/metadata_tools.htm.
Suggested Actions: 
· Extend the current tools to work with metadata stored in a geodatabase.
· Create a new style sheet that shows line numbers corresponding with errors reported from MetaParser (MP)

· Determine and explicitly recommend the most robust version of MP available

Metadata Editor Project for Biological Data Profile (BDP) and NPS Elements
Eric Compas gave an overview of current work to develop a metadata editor for the extended BDP elements within ArcCatalog.  A funding proposal to support this work that includes a list of application requirements was submitted to FGDC for consideration (see NPS_Meta_Requirements.doc).  The project has several programming and design issues that the group discussed.  The pros and cons of using an XML-based vs. program code-based (VBA or C#) approach was discussed, and the group recommended integrating as much XML functionality as possible.
Suggested Actions:

· Focus on an application that runs inside of ArcCatalog

· Add a new tab (Custom Metadata) in the ArcCatalog interface for editing extended profiles

· Use file based XSL pick lists that can easily be updated from a central source
· Include multiple editing style sheets to address different metadata profiles (e.g., NPS and BDP)

· BDP editor needs to allow import of taxonomy elements

NPS Extension of the Content Standard for Digital Geospatial Metadata (CSDGM), the Biological Data Profile, and the ESRI Profile

The NPS Natural Resource Information Division (NRID) is working on the NR and GIS Metadata Database system that will integrate several existing metadata, clearinghouse, and data store projects and metadata standards.  The database will directly replace three existing NRID projects: the current online metadata database (http://science.nature.nps.gov/metadata), the I&M Dataset Catalog and the NR and GIS Data Store search application (http://science.nature.nps.gov/nrftp) and become the repository for most other NR and GIS-related metadata.  The database will be store metadata in XML format and forward public metadata records to NPS Focus and the GIS Clearinghouse information portals.  The XML-based records will allow great flexibility in supporting existing and pending metadata standards.  In addition, the NR and GIS Metadata Database will be integrated with the new NR and GIS Data Store (http://science.nature.nps.gov/nrftp and http://nrdata.nps.gov) that is being revised to include the online data for the NPS GIS Clearinghouse.
In order to integrate the metadata and data store systems, NRID staff are working on a combined extension of the existing metadata standards and profiles that will include the requirements of the Content Standard for Digital Geospatial Metadata (CSDGM), the Biological Data Profile, the ESRI Profile, the I&M Dataset Catalog, and the evolving GIS and I&M data standards processes.  This NPS metadata profile is being developed as an integrated XML document type definition (DTD) that models all of the data elements from the standards and databases listed above.  This approach also allows documentation and tracking of data standards to be maintained as FGDC-compliant metadata (e.g., see http://www.nps.gov/gis/data_info/nat_map/NPS_Current_Park_Bdy.xml).  The draft DTD and explanatory text are available at http://science.nature.nps.gov/im/gis/metadata.htm.
CASE Tools for Geodatabase Design and Database Integration

Tom Colson presented an overview of lessons learned from using Computer-Aided Software Engineering (CASE) tools for managing database design and geodatabase implementation with integration of diverse data sources.  In general, this approach allows the developer to model and edit entity-relationship (ER) diagrams in the CASE tool and then export the design to UML/XML that can be used to automatically generate database structure within the database management system.  Since ArcGIS has very limited capability for making structural changes in a geodatabase, a CASE tool allows for more efficient database configuration and maintenance.  One CASE tool that integrates well with ArcGIS is Microsoft Visio Professional, and Tom described his experience with setting up the development environment for the first time.  In general, there are several ESRI extensions to download and install (esp. the ArcObjects Developer Kit first).  ESRI examples and case studies are available to jump-start the process.  An excellent example to work through is the Environmental Regulated Facilities Data Model available at: http://www.esri.com/software/arcgisdatamodels/.  (See Appendix I for a detailed list of steps and download sites).  After modeling the geodatabase and exporting it to XML, the code can be evaluated with the ESRI semantics checker before importing with ArcCatalog.  After import and geodatabase creation, a log file is available to document the process and any errors that occurred.  Modeling with CASE tool enabled Tom Colson to reduce some 600 joins and relates linking disparate data sources in ArcGIS to about 40 well-defined relationships in the final geodatabase model.  Another important resource with CASE tools is the ability to harvest/reverse engineer existing databases in MS Access or other DBMS directly into a schema without retyping all the properties.
Getting Started with Developing Applications in ArcGIS

Eric Compas provided a summary of application development using VB and VBa in ArcGIS.  For new developers in ArcGIS, Exploring ArcObjects is mandatory reading (esp. the first 2-3 chapters).  This text is included as a .pdf document with ArcGIS.  Eric also discussed other application development resources that are available, including a getting started with ArcGIS 8 development website that is located at http://www.nature.nps.gov/im/units/mwr/gis/migrating/migrating.htm, the ArcGIS help file with the ArcObject object definitions, and Draft Guidelines for NPS ArcGIS Desktop Tool Development at http://science.nature.nps.gov/im/gis/docs/DesktopToolDevelopmentGuidelines.doc>.  An introduction to object oriented programming or VB course is also recommended.

Application development in ArcGIS can be accomplished two different ways: with VBa from within ArcGIS that is interpreted at runtime or with VB that is compiled into an “executable” .dll file that can be registered and utilized within ArcGIS.  If VBa is programmed within ArcCatalog, it is saved in the file normal.gxt.  VBa development in ArcMap is saved in the individual map documents or normal.mxd.  Other object libraries may be used with ArcGIS by attaching them via the Tools>>References menu.  The VBa editor in ArcGIS is a good tool for developing and testing code which can then be translated into VB code for compilation and stand alone execution.  One caveat with this type of mixed development is that VB froms are different enough that form imports can only occur from VBa to VB and not vice versa.  Object naming conventions and consistency are important (e.g., prefixing frm to forms, tbl to tables, etc.).  See http://science.nature.nps.gov/im/datamgmt/dmw032004/docs/11DraftNameRec.doc for more information on draft naming conventions.
The basic process for creating an ArcGIS extension:

· Develop and test the code

· Use Add-ins to add classes other libraries (could include ADO/DAO for MS Access)
· Compile and register tool/extension (matches external objects to ArcGIS objects/classes)

· Alternately, compile and install the tool permanently (i.e., so it’s always on)

Check out ESRI resources for developers.

The Database Template as a Geodatabase
Kristina Callahan presented and demonstrated an integrated Database Template/geodatabase project that she has been developing.  Monitoring data from several parks was combined and converted into a geodatabase with feature datasets for each park.   Techniques for linking to data objects in Access include first registering an Access database with ArcCatalog or importing a shapefile as a feature class in a geodatabase.  Note the default spatial extent will be that of the first shapefile imported, so users must be careful to set the spatial extent in their geodatabase to accurately capture the full data extent desired.  Map layer files were generated for each feature but are not stored directly in the geodatabase.  ESRI does have an example of storing map layer info in a geodatabase.  

Peter Budde raised the issue of standards and the suggested development environment  for geodatabase and ArcGIS application development to achieve linkages between Arc and Access.  
MSAccess queries are available in Arc via database connections and ODBC connections.  The AKSO tool, ArcGIS2Access provides this capability as well.  This tool is still in beta.  Joins require ObjectIDs in the geodatabase environment.   
Options for integrating NRDT with a geodatabase include hard-coded links to Access forms (using ESRI scripts and using relationship classes defined in Arc to link to Access tables. 

Peter noted this linking capability presents an opportunity to define standard queries addressing species richness, abundance, etc. for generalized use in the geodatabase.  He suggests further discussion to determine how far to take this concept. 

Also, standardized back-end structures would facilitate the automation and/or generalization of front-end functions/analyses and reports. 
Potential action items:

· Continue discussion of options for linking Arc to Access.

· Investigate using ObjectIDs within NRDT to link to geodatabase feature classes.

· Discuss options for using a geodatabase framework as an organizing architecture for network-wide datasets. 

· Solicit input on standardized back-end elements to achieve these integration goals.

Documenting Geodatabase Projects
The group discussed best practices for documenting geodatabase projects.  The MWR has documented each table and feature class within a geodatabase.  The concern is how to convey the relationships among tables.  One option is adding an element to the NPSInfo metadata profile to capture these relationships…
An initial best practice for geodatabase documentation is:

· document each feature class (tables and relationships as desired) in detail

· document the entire geodatabase

· document each feature dataset (optional if this is a standalone feature dataset)

More discussion on this topic can occur at the follow-up meeting in April. 
Using ArcGIS to Integrate Multiple Resource Data Sources for a Single Park
Tom Colson presented his ongoing research on using ArcGIS to integrate multiple resource data sources for a single park.

The goal is to organize and integrate all data for a single park.  Tom discovered many issues with standardizing shapefile/field names.  The data sources for the park include natural resource, cultural resource, IPM and maintenance data sets, including geospatial data from the NR Data Store.  Tom demoed Arc’s inability to display anything but the ObjectID in the browse window when a relationship linking to an Access database is ‘queried’.  

Tom used Visio Professional with ESRI libraries to model the park datasets for eventual porting to a geodatabase.  This proved to be a successful approach as long as Visio and ArcGIS were properly configured: Visio requires ESRI libraries and Tom used the Geodatabase Wizard in ArcCatalog as well.   
He found relationship classes can exist anywhere in the geodatabase and that new relates and joins can be created via relationship classes.

There were issues with data loading when the source data was poorly modeled (e.g. dates as text, etc.).    

Natural Resource Database Template (Phase 2) and the Buffet of Fields (BOFAT) Projects 

Chris Dietrich presented ongoing development with the Database Template.

The Natural Resource Database Template (NRDT) is the I&M-recommended model for natural resource study or protocol database applications. The NRDT concept is to provide a flexible data standard that can incorporate spatial data elements, promote data sharing among parks and networks and facilitate rapid application development. The basic structure for the NRDT consists of a MS Access database containing a locations table to store spatial data and an events table to store sampling event details. Geodatabase feature class, shapefile (point, line or polygon) or ArcInfo coverage objects can be used in lieu of the locations table provided that a unique LocationID is part of the object structure. The locations and events tables are related to each other using LocationID and EventID fields. Tables for sampling protocol-specific measurements or observations (attribute tables) can be related to locations by linking to the EventID.

Development Phase 1, consisting of the core relational database structure (a locations table and an events table) and development Phase 2, consisting of an example user interface for the NRDT were completed in 2002. Currently, development is underway that will provide additional example user interfaces, core tables for data about observers, automated data validation, data analysis capabilities, a utility for user-customizable reports, and a link to the Dataset Catalog for metadata creation and editing. 

A committee of Data Managers is currently working to put together a buffet of fields and tables (BOFAT) that developers can use to select pre-defined standardized objects (fields and tables) for application development. The BOFAT is part of a larger standards process underway within I&M that includes developing data standards for geodatabase feature classes and feature datasets. Currently, proposed BOFAT objects are being managed in a MS Access database. In the near future, this database will be made available via an interactive web interface so that all Data Managers can participate in the BOFAT process.

The NRDT can be used to create a new application for a sampling protocol or to retrofit a pre-existing dataset (e.g. a spreadsheet or database) to the NRDT model. The Database Template webpage (http://science.nature.nps.gov/im/apps/template/index.htm) provides download links for example NRDT applications that can be used as-is or as a starting point for developing new applications. I&M Monitoring Protocols will also use the NRDT model. A monitoring protocol is a peer-reviewed technical document that describes how data is collected.  Eventually, all I&M monitoring protocols will be supported by an MS Access module that is an NRDT-based application. The protocols and their MS Access modules can be found on the Protocol Database webpage (http://science.nature.nps.gov/im/monitor/protocoldb.cfm).

Appendix I. Process for setting up MS Visio for use with ArcGIS

Note: All the following assumes that Arc Objects SDK is already installed.

Download, print, and "bind" the PDF case studies/tutorials:

http://support.esri.com/index.cfm?fa=knowledgebase.documentation.viewDoc&PID=43&MetaID=571
Download and install the Visio UML to XML export utility:

http://support.esri.com/index.cfm?fa=knowledgebase.documentation.viewDoc&PID=43&MetaID=658
Note: There is a version for 2002 and 2003.  ESRI no longer supports 2000! 

Install instructions for Visio 2003:

http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=26105
Install instructions for Visio 2002:

http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=24446
http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=24645
Geodatabase Diagrammer (makes a pretty poster of your geodatabase structure).  Requires lots of dragging items around, but well worth winning the $100 at a poster conference.

http://arcscripts.esri.com/details.asp?dbid=12616
Geodatabase Designer: Use to import/update XML schema, or export GDB to XML from Arc Catalog. 
http://arcscripts.esri.com/details.asp?dbid=12732
How to load a GDB from an XML schema created with CASE tool:

http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=19053
Good web site on XML and MDAC: Find what version of MSXML you have.  
Suggested Action: NPS develop "Guidelines Document" for versions of MDAC and XML that all developers should use.  Tom Colson used XML 4.0 and MSXML 2.0 SP2 to develop model:

http://www.topxml.com/parsers/sniffer/default.asp
Suggestions for Action or Follow-up:
· Continue efforts to educate end users of the need for standardized field definitions and databases structures.

· Research (and implement?) modeling and maintenance of standard database structures and enterprise database architecture in CASE tools for ease in distribution and sharing.

· Develop a distribution mechanism and training for serving standard XML geodatabase models.

· Communicate good examples of case studies with integrated data models in XML format that users can evaluate.  Include standard queries, analyses, etc. as applicable.

· Grow or formalize a NPS ArcGIS application development group and provide a forum for collaboration (e.g., Sharepoint website with SourceSafe for code sharing).
· Coordinate activities with NPS GISC and DOI activities/initiatives/knowledge base.

· Develop basic AppDev/geodatabase training for NPS users/developers that include these (and other) lessons learned?
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