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Introduction

The Department of Homeland Security (DHS), Office of the Chief Information Officer (OCIO), Geospatial Management Office (GMO) developed the DHS Geospatial Data Model (DHS GDM),  a standards based, logical data model to be used for collection, discovery, storage, and sharing of homeland security geospatial data. The initial versions of the DHS GDM drew from three major bodies of work:

· The National Information Exchange Model (NIEM)

· The Federal Geographic Data Committee (FGDC) Framework Data Content Standard

· The Project Bluebook model

Comments on the initial DHS GDM were solicited via the Federal Geographic Data Committee (FGDC) web site at http://www.fgdc.gov/fgdc-news/geo-data-model/.  Version 1.2 of the DHS GDM evolved in response to these comments, and drew from additional bodies of work:
· The FEMA Emergency Management Data Content Model

· The Geographic Names Information System (GNIS) Feature IDs and types

· Feature types for FGDC Emergency Management Symbology
· National Incident Management System (NIMS) Resource types
· National Hydrography Dataset (NHD) Feature Types
· Revised Cadastral Model from FGDC Cadastral Subcommittee
· National Response Plan Categories
· Homeland Security Infrastructure Protection (HSIP) Feature Types
· Data Types for Feature Classification via Multiple Taxonomies
· Land Cover Classification from NASA
· Land Use Classification from American Planning Association (APA)
· FGDC and ISO Geospatial Metadata
Comments on version 1.2 were also solicited on the (FGDC) web site.  Version 2 of the DHS GDM changed in response to these comments, and from review of additional sources:
· HSIP version 2

· Comments on HSIP version 2

· Revised CadNSDI model from FGDC Framework Cadastral Subcommittee
· DHS Office of Infrastructure Protection IP Feature Taxonomy

· National Information Exchange Model (NIEM) version 2
Feature definitions in the model were harmonized to remove duplicate definitions for any one type of geospatial feature.  In many cases this involved adding attributes to feature definitions in the FGDC Framework models.  GDM packages were renamed to reflect these feature definition changes.  
Version 2.5 of the Geospatial Data Model is more closely aligned with the National Information Exchange Model (NIEM) to reflect version 2.0 of the NIEM data model.  The GDM was redesigned to match the naming and design rules set forth in NIEM naming and design rules draft version 1.2; http://www.niem.gov/files/NIEM-NDR.pdf.  It includes all of the types from the NIEM Core, Appinfo, Structures, and XSD schemas.  Components from the Common Component Library package that were not directly or indirectly used in other model pacakges were eliminated.  Components from the Common Component Library package were replaced with NIEM Core components where they existed.  Supplementary attribution was incorporated into the GDM by making the NIEM structures:ComplexObjectType the root of the GDM object hierarchy, and by adding the NIEM structures:SimpleObjectAttributeGroup to derivations of simple types and enumerations.  UML compositions, aggregations, and associations were replaced by classes derived from NIEMCore:AssociationType, so they are no longer represented graphically.
The GDM version 2.5 is available for download in several forms, including XMI and HTML, from

http://www.fgdc.gov/participation/working-groups-subcommittees/hswg/dhs-gdm/index_html 
Numerous comments on the earlier versions of the DHS GDM indicated a need for a sample physical implementation of the logical model to facilitate its use by DHS data partners.  Oracle Spatial was chosen as the deployment platform for a physical implementation as it may be used directly, or via Geographic Information System (GIS) software from a variety of vendors.

2
GDM Structure

The DHS Geospatial Data Model contains five primary packages, ExternalComponentLibrary, CommonComponentLibrary, HomelandSecurityFeatureBase, HomelandSecuritySectors and HomelandSecurityOperations, as shown in the following MindMap diagram.
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The ExternalComponentLibrary package contains code lists and geospatial data models from external standards.  Model components from the ExternalComponentLibrary package are used in and may be used to supplement or exchange geospatial features from the other packages.  The Oracle Spatial schemas for the DHS GDM do not provide direct implementations for the contents of the ExternalComponentLibrary package.

The CommonComponentLibrary package includes sub packages that define the geospatial feature model used for all features in the GDM, in conformance with ISO TC211 standards, and the data types, basic types, geometry and topology models used to represent those features.  It also includes commonly used NIEM data structures,  and standard metadata models.  The Oracle Spatial schemas for the DHS GDM provide direct implementations for all of the non-abstract types in the CommonComponentLibrary package except the metadata models and enumerations.

The HomelandSecurityFeatureBase package includes a reorganized and extended version of the FGDC framework models for the 7 framework themes of the National Spatial Data Infrastructure (NSDI).    Packages have been added for base map features for geospatial context, environmental features, infrastructure base features, and transportation pipelines, trails and routes.  Surface transportaiton and environmental features were moved out of the air transportation package and put in the environmental and road transportation packages.    The Oracle Spatial schemas for the DHS GDM provide direct implementations for all of the non-abstract feature types in the HomelandSecurityFeatureBase package.  No implementation is provided for the base linear referencing models, or for enumerations.

The HomelandSecuritySectors package includes infrastructure protection features for the National Response Plan categories and DHS Office of Infrastructure Protection taxonomy.  These features are based on the Infrastructure, Hydrography, and Transportation features in the Homeland Security Feature Base package.  The Oracle Spatial schemas for the DHS GDM provide direct implementations for all of the non-abstract feature types in the HomelandSecuritySectors package.  

The HomelandSecurityOperations package includes geospatial features for two DHS mission domains; EmergencyManagement and InternationalTrade.  Domain specific geospatial features to support the other mission domains will be included in a future version of the GDM.  The Oracle Spatial schemas for the DHS GDM provide direct implementations for all of the non-abstract feature type in the HomelandSecurityOperations packages except the enumerations.
3 GDM Oracle Spatial Schema
The GDM Oracle Spatial Schema is a features-with-geometry model exported programmatically from the UML model for Oracle version 10.2 Express Edition (XE).  It does not make use of Oracle Spatial Topology.  It does not make use of Oracle Spatial Geocoding capabilities.  Many GDM spatial feature tables have been implemented with a single geometry to facilitate use via GIS software that can access Oracle Spatial Data.  Tables for features with multiple geometric representations are linked by primary and foreign keys.
The GDM Oracle Spatial Schema is provided as a compressed zip archive of the “GDMv25” directory, which is the root of a directory tree that reflects the UML package structure of the DHS GDM.  It contains three sets of Structured Query Language (SQL) Data Definition Language (DDL) scripts that define tables and geospatial metadata, keys, and indexes with default storage parameters in the default user tablespace:

· GDMv25TableDefinition.sql – defines tables and loads geospatial metadata

· GDMv25KeyDefinition.sql   – defines primary and foreign keys

· GDMv25IndexDefinition.sql – defines spatial indexes

You may unzip GDMv25.zip into any file system directory.  You may wish to use it to add a branch to an existing directory tree containing Oracle or GIS system SQL scripts, and/or to manage its contents with a software version control system. 

You may wish to edit these SQL scripts to change specific storage parameters and tablespaces to enhance performance.  You may also wish to prune the directory tree and edit the SQL scripts to implement only specific geospatial features of interest.  You MUST edit the GDMv25TableDefinition.sql in the GDMv25 directory to 1) set the spatial reference system and spatial extent of the geometry data you plan to load into GDM Oracle Spatial tables, and 2) set the tolerance used for spatial queries of and operations on that data.

Appendix A below lists some of the documentation on Oracle and Oracle Spatial that covers topics you should consider in designing and implementing an operational application using the GDM Oracle Spatial Schemas.  Please read this documentation if you are not already familiar with it.  If you plan to access your GDM Oracle data via a GIS system, you should also consult the GIS system vendor’s documentation on its use with Oracle Spatial. 
Oracle and most GIS system vendors run online user and technical group forums where you may find additional information on Oracle Spatial and its use with GIS systems.  If you are not experienced with these technologies, you may wish to attend training on them before proceeding.  If you are supported by an Oracle Data Base Administrator (DBA) and/or a GIS System Manager, you should seek their advice and assistance.
4 Planning your GDM Oracle Spatial Data Exchange
The DHS GDM is intended to facilitate data sharing by identifying and providing a model for geospatial information of use to DHS and its partners in mission domain operations.  These partners and other providers of information that will be loaded into DHS Geospatial Data Warehouses will need to map existing data models to the GDM, identify appropriate data migration mechanisms, use those mechanisms to Extract, Transform, and Load (ETL) data from existing data sources into the GDM, and, once DHS begins to share GDM data with its partners, to reverse the data flow.  The ETL process may require conversion and loading of non-Oracle data into Oracle, and will require transformation from non-GDM to GDM data models.  The following steps should help you plan a successful data exchange from an existing data source to GDM in Oracle Spatial.
· Identify models, sources, and uses of data to be exchanged using the GDM
· Decide how to transfer data between non-Oracle sources and applications and Oracle
a. Can existing GIS or non-Oracle databases be connected to Oracle for data transfer?
i. Through a proprietary interface with data migration tool support
ii. Through Open Data Base Connectivity (ODBC)
iii. Through Java Data Base Connectivity (JDBC)
b. Can existing GIS or non-Oracle databases export data to text files?
c. Can you or your organization write GIS or SQL scripts or computer programs to transfer data?
d. Can you or your organization set up Oracle SQL*Loader scripts to import token delimited text data into Oracle?
· Decide how to convert geometries in non-Oracle sources to Oracle SDO_Geometry

a. Can existing GIS or non-Oracle databases convert native geometries to SDO_Geometry?

b. Can existing GIS or non-Oracle databases export Geometries to 
i. Well Known Binary (WKB) format, as defined by the Open Geospatial Consortium (OGC) and the International Organization for Standardization (ISO).

ii. Well Known Text (WKT) format, as defined by the OGC and ISO
iii. Text files in a non-standard form

· Decide where to convert from non-GDM data models into GDM Oracle Spatial schema

a. In existing GIS or non-Oracle databases with GIS or SQL scripts

b. In computer programs for data transfer and transformation 

c. In Oracle SQL scripts

· Select a small sample of geospatial feature layers with a variety of geometry types (point, line, polygon) from those you initially identified

· Map the models for those sample features to the corresponding geospatial features and other tables in the GDM Oracle Spatial schema
· Prototype and test the data transfer and transformation mechanisms you have selected on data for the geospatial feature layer samples 
· Revise your approach if necessary

· Map the rest of the your models to the corresponding geospatial features and other tables in the GDM Oracle Spatial schema

· Develop and run the necessary data transfer and transformation mechanisms you have selected 
· Validate your spatial data in GDM Oracle Spatial format

5 Editing GDM Oracle Spatial Schema SQL Scripts

The GDM in Oracle Spatial schema consists of three sets of Structured Query Language (SQL) Data Definition Language (DDL) scripts that define tables and geospatial metadata, keys, and indexes with default storage parameters in the default user tablespace:

· GDMv25TableDefinition.sql – defines tables and loads geospatial metadata

· GDMv25KeyDefinition.sql   – defines primary and foreign keys

· GDMv25IndexDefinition.sql – defines spatial indexes

Mandatory Edits

The one task you MUST perform to prepare to use the GDM Oracle Spatial Schema is to edit the GDMv25TableDefinition.sql script in the top level GDMv25 directory to set the spatial reference system and spatial extent of the geometry data you plan to load into GDM Oracle Spatial tables, and the tolerance used for spatial queries of and operations on that data.  These parameters are used to populate SDO_GEOM_METADATA for the spatial layers defined by the GDM Oracle Spatial Schema.  See chapeters 1 and 2 in Oracle® Spatial User’s Guide and Reference cited in Appendix A below for an introduction to spatial concepts and Oracle data types, and metadata.  Values for these parameters are initially set as follows in GDMv25TableDefinition.sql:
DEFINE XMIN = '-77.1'

DEFINE XMAX = '-77.0'

DEFINE XTOL = '00005'

DEFINE YMIN = '38.9'

DEFINE YMAX = '39.0'

DEFINE YTOL = '00005'

DEFINE SRID = '8307' -- WGS 84 
The SRID parameter is an integer Spatial Reference system ID that identifies the Cartesian, Geodetic, or Projected Coordinate Reference System (CRS) used to assign coordinates in a spatial data set to locations on the earth.   Edit the SRID parameter value if you wish to use a CRS other than WGS 84, e.g. 62696405 for NAD83 (North American Datum 1983 in degrees).   See Chapter 6 in Oracle® Spatial User’s Guide and Reference cited in Appendix A below for a discussion of CRS management in Oracle.

The XMIN, XMAX, YMIN, and YMAX parameters define a Minimum Bounding Rectangle (MBR) for spatial data.  The values of these parameters are in the units used by the CRS specified by the SRID parameter.  The values for SRID 8307 (WGS 84) are in decimal degrees of longitude and latitude.  Change the values of these parameters to encompass the data to be loaded into your GDM Oracle Spatial Schema
The XTOL and YTOL parameters define spatial tolerances that associate a degree of precision with spatial data.  The values of these parameters are in different units depending on the type of CRS specified by the SRID.  See section 1.5 in Oracle® Spatial User’s Guide and Reference cited in Appendix A below for a discussion of setting tolerance values.  The XTOL and YTOL parameters should be set to the same value.
Optional Edits – Schema Pruning

You may wish to prune the GDM Oracle Spatial Schema directory tree and edit the SQL scripts to implement only specific geospatial features of interest.   The GDM Oracle Spatial Schema is implemented by three hierarchies of SQL scripts that begin with the following ones in the top level GDMv25 directory:
· GDMv25TableDefinition.sql – defines tables and loads geospatial metadata

· GDMv25KeyDefinition.sql   – defines primary and foreign keys

· GDMv25IndexDefinition.sql – defines spatial indexes

Those scripts invoke similarly named ones with “GDMv25” replaced by the directory (UML package) name in sub directories.  For example, GDMv25TableDefinition.sql contains the following invocations:

START ./CommonComponentLibrary/CommonComponentLibraryTableDefinition.sql &XMIN &XMAX &XTOL &YMIN &YMAX &YTOL &SRID

START ./HomelandSecurityFeatureBase/HomelandSecurityFeatureBaseTableDefinition.sql &XMIN &XMAX &XTOL &YMIN &YMAX &YTOL &SRID

START ./HomelandSecuritySectors/HomelandSecuritySectorsTableDefinition.sql &XMIN &XMAX &XTOL &YMIN &YMAX &YTOL &SRID

START ./HomelandSecurityOperations/HomelandSecurityOperationsTableDefinition.sql &XMIN &XMAX &XTOL &YMIN &YMAX &YTOL &SRID

You may comment out these “START” statements in any SQL script in the GDM Oracle Spatial Schema hierarchy by prefixing them with two hyphens (--) to prune the GDM Oracle Spatial Schema implementation of unneeded definitions.  
You may also edit individual SQL scripts and enclose SQL statements in /*   */ delimeters to turn them into comments for finer grained pruning of unneeded definitions. 

Be sure to make the same pruning comments to the related SQL statements for a spatial data layer in each of the three hierarchies of SQL scripts.

Also note that there are primary and foreign key dependencies among the packages.  Run the SQL scripts after you have edited them, and then edit the resulting log files and search for  “ORA-“ error messages.   “ORA-02443: Cannot drop constraint  - nonexistent constraint “ often just means that a table involved in the constraint has already been dropped and re-created.  But other error messages usually require further investigation.  
For example, a drop table command will result in “ORA-02449: unique/primary keys in table referenced by foreign keys” if all foreign key references to the table’s primary key have not been dropped.The following query on the Oracle Data Dictionary table user_constraints will help you find dangling foreign key references that will prevent a table from being dropped.  Replace ‘FEATURE_META_LINK’ with the name of the table being referenced by foreign keys, and place the resulting command in the SQL script before the drop table command.

SELECT f.table_name, f.constraint_name 

FROM user_constraints f, user_constraints p 

WHERE f.r_constraint_name = p.constraint_name 

AND p.table_name = 'FEATURE_META_LINK'

/
You may need to search across the GDMv25 directory tree for typos and misspellings that may be causing errors in your pruned SQL scripts.  You may find that the Unix ‘find’ and ‘grep’ commands are better for this task than Windows Explorer.  For example, the following command searches for ‘industrial_bank’ in all the SQL files in the GDMv25 directory tree and shows the text lines found.

GDMv25> 

find ./ -name '*.sql' -print | xargs grep 'industrial_bank'

The Cygwin utilities available from http://cygwin.com/ include these commands for Microsoft operating systems.
Optional Edits – Storage Parameters
You may wish to edit the GDM Oracle Spatial Schema SQL scripts to change specific storage parameters and tablespaces to enhance performance, particularly for large data sets.  A sample of the parameters you may wish to add to “CREATE TABLE” statements (taken from an enterprise Oracle Spatial implementation on a large multiprocessor server) includes the following:

TABLESPACE STAGE_DATA_TABLESPACE
PCTUSED    60

PCTFREE    10

INITRANS   1

MAXTRANS   255

STORAGE    (

            INITIAL          128M

            NEXT             128M

            MINEXTENTS       1

            MAXEXTENTS       2147483645

            PCTINCREASE      0

            FREELISTS        1

            FREELIST GROUPS  1

            BUFFER_POOL      DEFAULT

           )

LOGGING 

NOCOMPRESS 

NOCACHE

PARALLEL 4

MONITORING 
Consult the Oracle Performance Tuning Guide and User’s Guide and Reference, and other documentation cited in Appendix A below, and an Oracle DBA if possible, for guidance in setting Oracle storage parameters.
Running GDM Oracle Spatial Schema SQL Scripts
The SQL scripts in the top level GDMv25 directory:

· GDMv25Definition.sql – defines tables and loads geospatial metadata

· GDMv25KeyDefinition.sql   – defines primary and foreign keys

· GDMv25IndexDefinition.sql – defines spatial indexes

begin and end with commands that create log files to record the results of their execution:

spool GDMv25TableDefinition.log

set serveroutput on

set termout on

set echo on

rem GDMv25TableDefinition.sql

…

spool off
so that after running the scripts you may edit the log files to review the results.

The first set of files begins with GDMv25TableDefinition.sql.  It defines tables with primary keys, and inserts records into spatial metadata tables.  Before running this file, you MUST edit it to set parameters to reflect the extent, spatial tolerances, and coordinate reference system of the data to be loaded, as discussed above. To run this file: 
shell> cd {path to the GDMv25 directory that holds this file}

shell> sqlplus {username}/{password}
SQL*Plus: Release 10.x.x.x.x  ...

Copyright (c) 1982, 2005, Oracle.  All rights reserved.

Connected to:  { your oracle instance Release 10.x.x.x.x }
SQL> @GDMv25TableDefinition.sql
The second set of files begins with GDMv25KeyDefinition.sql.  It defines foreign keys on primary and "*link" tables to implement relationships from the DHS GDM UML logical data model.  To assure data integrity, you may wish to run this file before loading data.  However, recognize that once the foreign key constraints are in place, you must sequence data loading to satisfy all such constraints.  If you have assured the validity of the data to be loaded by other means, you may wish to defer running this file until after loading data, to simplify the data loading process.  To run this file: 

SQL> @GDMv25KeyDefinition.sql
The third set of files begins with GDMv25IndexCreation.sql.  It defines R-Tree spatial indexes on geometry columns in model tables.  To optimize database creation performance, you should load data into the tables before running this file.  To run this file:

SQL> @GDMv25IndexCreation.sql
The commands in each of these files follow an undo / redo pattern, so that they may be edited and re-run until the desired implementation configuration is achieved.  Consequently, many of the error messages that appear in the log files after the first run of a file are irrelevant to its success.  You may repeat runs of any one of these *.sql files to get a cleaner log.  But GDMv25KeyDefinition.sql and  GDMv25IndexCreation.sql must be run AFTER GDMv25TableDefinition.sql to achieve a valid implementaiton.

Appendix A – References

Oracle documentation is available online and may be downloaded free of charge.  See

http://www.oracle.com/pls/db102/homepage  for Oracle 10g documentation.  The text books listed below are available at all major on-line and brick-and-morter bookstores.
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