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Acronyms

This document and associated release materials may make use of several acronyms. 

	AGC
	Army Geospatial Center
	
	MFG
	Metadata Focus Group

	AGDM
	Army Geospatial Data Model
	
	NAS
	NSG Application Schema

	BCTIM
	Brigade Combat Team Information Model
	
	NCGIS
	National Center for Geospatial Intelligence Standards

	CDMF
	Common Data Model Framework
	
	NEC
	NSG Entity Catalog

	DCGS-A

DCS
	Distributed Common Ground-System - Army

Data Content Specification
	
	NFDD
	NSG Feature Data Dictionary

	DoD
	Department of Defense
	
	NGA
	National Geospatial-Intelligence Agency

	DGIWG
	  Defense Geospatial Information Working       Group
	
	NMF
	NSG Metadata Foundation

	EC
	Entity Catalog
	
	NMIS
	NSG Metadata Implementation Specification

	EDCS
	Environmental Coding Data Standard
	
	NSG
	National System for Geospatial- Intelligence

	EG
	Extraction Guidelines
	
	PDM
	Physical Data Model

	ERS
	Engineering Route Studies
	
	SBCT
	Stryker Brigade Combat Team

	Esri
	Environmental Systems Research Institute, Inc.
	
	SME
	Subject Matter Expert

	FACC
	Feature and Attribute Coding Catalog
	
	TDS
	Topographic Data Store

	FCS
	Future Combat System
	
	TGD
	Theater Geospatial Database

	GGDM
	Ground-Warfighter Geospatial Data Model
	
	GPC
	Geospatial Planning Cell

	GWG
	Geospatial Working Group
	
	TPC
	Topographic Production Capability

	ISO
	International Organization for Standardization
	
	UML
	Unified Modeling Language

	LDM
	Logical Data Model
	
	USMC
	U.S. Marine Corps

	LRAS
	Littoral Riverine Application Schema
	
	UTP
	Urban Tactical Planner

	LRDS
	Littoral Riverine Data Store
	
	WRDB
	Water Resources Data Base

	MCDB
	US Marine Corps Topographic Production Capability Database
	
	
	


Component Models
In this section, the stakeholder components are described in detail along with their impact to the GGDM, formerly known as the Army Geospatial Data Model (AGDM), and special considerations for each component. Figure 1 shows the stakeholder component models across AGDM/GGDM revisions.

	AGDM v1.0
	GGDM v2.0
	GGDM v2.1
	GGDM v2.2
	GGDM v3.0

	Theater Geospatial Database (TGD)
	NSG Topographic Data Store (TDS) v3 Global/Regional/ Local/Specialized
	NSG Topographic Data Store (TDS) v4 Global/Regional/ Local/Specialized
	NSG Topographic Data Store (TDS) v6 Composite
	NSG NAS v7.0

	Stryker Brigade Combat Team (SBCT)
	AGC Engineering Route Study (ERS)
	AGC Urban Tactical Planer (UTP)
	NSG Littoral/Riverine Data Store (LDRS)
	AGC Water Resource Database (WRDB)

	 
	FCS Brigade Combat Team Information Model (BCTIM)
	DCGS-A
	US Marine Corps Topographic Production Capability (TPC)
	Water Security for Stability Operations Project

	 
	
	
	ABCA Allies
	AGE Node SSGF

	 
	 
	 
	Metadata
	Metadata (NMF)



GGDM 3.0 includes all or part of the following stakeholder components:

1. National System for Geospatial- Intelligence NAS v7.0

2. AGC Water Resource Database (WRDB)

3. Water Security for Stability Operations Project
4. Army Geospatial Enterprise (AGE) Node base data model for SSGF (Standard Shareable Geospatial Foundation) vector data

5. Metadata changes to accommodate TDS 6.1 and NMF required Metadata
6. All of GGDM 2.2

7. All of GGDM 2.1
8. All of GGDM 2.0
9. Army Geospatial Data Model (AGDM) 1.0
The GGDM process starts with the development of each data component within a Common Data Model Framework (CDMF) compliant Logical Data Model (LDM). In some cases the development of the component LDM involves considerable mapping of the source content from the original data dictionary to the current NFDD dictionary. 

The following paragraphs describe the key components of GGDM 3.0:
NSG Entity Catalog 7.0

The NSG EC 7.0 documents the National System for Geospatial-Intelligence (NSG) NSG Application Schema, a component of the GEOINT Structure Implementation Profile (GSIP).  It uses content specified by the National System for Geospatial-Intelligence (NSG) Entity Catalog (NEC) and structure specified by the ISO 19100-series of International Standards.  Its metamodel is an object model in accordance with the Unified Modeling Language (ISO/IEC 19501).  The EC documents the primary content and structure of the NSG Application Schema, the Data Element Dictionary (DED) elements of the NSG Application Schema, and the Views and View Groups used to organize the NSG Application Schema for the purpose of content discovery and analysis.  
National System for Geospatial Intelligence (NAS) 

The National System for Geospatial Intelligence (NSG) Application Schema (NAS) specifies an NSG-wide logical model for geospatial data that is technology neutral. This Platform Independent Model determines the syntactic structure used to represent the semantics specified by the NSG Entity Catalog (NEC). From it, using Model Driven Architecture (MDA) techniques, technology-tied Platform Specific Models (PSM) may be automatically derived and directly employed in system development.

The NAS conforms to ISO 19109, Geographic information – Rules for application schema, and its conceptual schema. It integrates conceptual schemas from multiple ISO 19100-series standards for geospatial information modeling, such as those for features, events, names and coverages (e.g., grids, rasters, and TINs).

ISO 19101, Geographic information – Reference Model, defines a feature as an abstraction of real world phenomena. Such abstractions may be represented in information systems using a variety of spatial modeling methods, including representations such as vectors, grids and images. The NAS supports this breath of geometric representations for “feature data” in the NSG. The NAS also supports modeling entities that may represent other geospatially-located information that does not correspond to “real world phenomena”. Unless otherwise specifically stated, the terms feature and (modeling) entity are used interchangeably in this standard.

Individual items of feature and/or attribute information that are used in the NAS are specified by the NSG Feature Data Dictionary (NFDD). Through the NFDD the NAS draws upon recognized content standards, specifications and profiles from both the military (e.g., DGIWG, NATO/MGID, MIDB, JMCDM) and civilian sectors (e.g., IHO, ICAO/EUROCONTROL, WMO).

Information traceability is established from concepts in the NAS to their specification in the supporting NFDD, and from there back to appropriate authoritative concept sources, where possible, to maximize semantic integrity when geospatial data is exchanged between NSG-based and external systems. The NAS and NFDD taken together answer the information exchange questions of “what do we mean?” and “how do we represent it?”

The GGDM utilizes the NSG NFDD and Entity Catalog (EC) which specifies the logic for geospatial data. This logic includes: feature information concepts, attributes with their domain types and metadata. 

The NEC conforms to ISO schemas as specified in ISO 19110, Geographic information – Methodology for feature cataloguing and its information schema.
  
AGC Water Resources 

The Water Resources Database (WRDB) is an authoritative data source generated by the AGC and is a required component of the GGDM. AGC personnel evaluated the TDS DCS EC 2.0 for WRDB and Groundwater content and identified concepts that matched TDS DCS EC 2.0 and identified outlying content. This outlying content was documented in a Microsoft® Excel™ spreadsheet and presented to the GGDM team for inclusion in the GGDM as the WRDB required component. 

The WRDB spreadsheet and responses to questions about the content were used to form a CDMF-compliant Logical Data Model (LDM) representative of the Water Resources Database and Groundwater data elements that are extensions to the NAS. The WRDB data elements were adjudicated, reusing NFDD concepts wherever possible, refining definitions, refactoring pick-list domain values, and adjusting domain values such as “Other” and “Not Applicable”. While much of WRDB originally was presented using a Defense Geospatial Information Working Group (DGIWG) Feature and Attribute Coding Catalog (FACC)-like data dictionary, explicit mapping tables for WRDB were not developed but were mapped to NFDD on a concept-by-concept basis and resulted in a generated LDM based on NFDD with extensions as needed.

The inclusion of Water Resources Database and Groundwater Extensions resulted in new terms (not found in NFDD or any other standard data modeling dictionary) that were either a) proposed for inclusion within the NFDD, or b) retained by the Army as extensions to the NFDD.  The GGDM 2.2 and GGDM 3.0 contain updated definitions and labels that are the result of the process of including WRDB extensions into NFDD. 

GGDM supported National Center for Geospatial Intelligence Standards (NCGIS) not only in the analysis of WRDB concepts for NFDD, but also in the analysis of WRDB concepts for the NSG Application Schema (NAS). This analysis included a consistency review to ensure water quality attributes were applied to all water related features. As a result of NCGIS NAS changes, the TDS DCS 4.0 included additional WRDB concepts that were not present in the TDS DCS 3.

GGDM 3.0 has refined and expanded WRDB content within the GGDM. Based upon review of WRDB concepts within GGDM 2.2 and the NGA CCB items, several comments and questions were generated and reviewed by WRDB Subject Matter Experts (SMEs). This resulted in the development of specific GGDM change notices that are implemented in the GGDM 3.0. A key change for WRDB is the addition of several “Areas of Numerous” features representing areas in which numerous water related features or resources are found.
Water Security for Stability Operation Project

Additional water security related entities were reviewed and incorporated into GGDM 3.0 for AGC’s Support to NGA’s Water Security for Stability Operation Project. The features, attributes, and domain values were vetted through the Configuration Control Board Process and several were accepted in NAS 7.0.  The additional Water Security entities will allow more humanitarian efforts to be supported using GGDM 3.0.
SSGF for AGE

The Army Geospatial Enterprise (AGE) Node at the Army Geospatial Center (AGC) is responsible for instantiating the SSGF (Standard Shareable Geospatial Foundation).  The vector data section of the SSGF is GGDM 3.0 schema physical geodatabases.

Metadata
ISO 19106:2003 describes metadata as the information that captures basic characteristics of a resource. Representing the who, what, when, where, why, and how of the resource. From different sources we can resume that metadata is the data about our data. Metadata enables 1) discovery of information, 2) data & system interoperability, 3) proper use and exploitation of data contents. In GGDM, the metadata describes features, attributes and sets of data (e.g. accuracy, scale, release date). 
NGA leads the Metadata Focus Group (MFG) (under the Geospatial Intelligence Standards Working Group (GWG)) which serves as the NSG community-wide forum to leverage NSG resources to conduct and coordinate pertinent metadata standardization efforts. MFG results include 1) NSG Metadata Foundation (NMF) as a multi-part standard defining the conceptual schema for geospatial metadata for the NSG. 2) The companion NSG Metadata Implementation Specification (NMIS) defines the methods for specifying and encoding geospatial metadata in the NSG. 3) The NMIS is a sub-schema of the NSG Application Schema (NAS) and may be used to encode metadata associated with the NAS [Entity Collection] and [Dataset] information entities. Discovery, access, retrieval, and exchange of metadata require compliance with DoD, and international standards mandating structure and content of metadata.

In the GGDM 2.2 metadata was collected in several tables, related to an intermediary relational table which was then related to individual features. This method proved difficult to support with industry standard software. The GGDM 3.0 simplifies the metadata processes using direct relationships between features and metadata features or tables, as well as added attributes to align with the NMF released September 2015.
The following descriptions are from previous releases of the GGDM and are here for historical reference.
Topographic Data Store (TDS) Content Specifications
For GGDM 2.2, the TDS was utilized. The NSG TDS and associated Data Content Specification (DCS) 6.0 specifies a subset of the NSG Entity Catalog (NEC) that: “identifies specific content of the NEC that shall be obligatory for geospatial intelligence producers using this specification, and specifies the conditions under which this geospatial intelligence shall be collected by producers for use in net-centric data exchange with other NSG participants.”
 The TDS focuses only on the topographic content in the NEC. 

The TDS version 6.0 does not specify data densities, rather the TDS Extraction Guidelines are specific to data densities and previous revisions of TDS did specify data densities. These data densities remain important to GGDM users and GGDM 2.2 continues to provide information at the data densities  (also called configuration levels): 

· Global contains content typically included in topographic datasets/maps at scales of 1:400,000 and smaller;

· Regional contains content typically included in topographic datasets/maps at scales ranging greater than 1:200,000 up to 1:399,000;

· Local contains content typically included in topographic datasets/maps at scales ranging from 1:24,000 to 1:200,000; and

· Specialized-Urban contains content typically included in topographic datasets/maps at scales smaller than 1:24,000.

The TDS DCS is a suite of feature content specifications to support the collection of digital data to populate product-neutral feature databases. It includes an Entity Catalog (EC) describing all of the features, attributes or properties, and domain values found in all data densities and Extraction Guidelines (EG) for each of the four data densities described above. The TDS DCS EC also describes the feature grouping into feature classes, and it specifies the numeric feature identifiers that are required in the physical implementation in Esri physical geodatabases. The TDS DCS EC describes the set of metadata entities to be implemented, but it does not describe how the metadata entities are to be used.

The TDS DCS EC is the primary specification used to develop implementations (physical data models) of the TDS that conform to the National Geospatial-Intelligence Agency (NGA) requirements. The TDS DCS Configuration Level EGs are the primary specifications that are used to guide the collection of data into a conforming TDS implementation.
USMC Topographic Production Capability (TPC)

The USMC TPC (Marine Corps Database (MCDB)) content was received as a data base schema (Esri geodatabase). Using the utilities originally developed for reverse engineering of TGD schemas, the schema was extracted, generating a CDMF compliant FACC LDM representing MCDB. Since much of the MCDB is also found in the TGD and most of the mappings for TGD were defined, the unique content in MCDB and not in TGD was the focus. The analysis of MCDB extensions to TGD resulted in additional mapping definitions where the content was understood and mappings were possible. These mappings are included in the GGDM 3.0.

AGC Urban Tactical Planner 
The UTP content found within GGDM 2.1 was analyzed by AGC and NSG TDS was found to be inclusive of all required UTP data concepts. For this reason, when a data requirement was found to be present in the GGDM based solely on the source component UTP, it was removed from the GGDM. AGC approved the removal of these concepts. Even so, AGC continues to support Urban Tactical operations and has data sets making use of urban content. The AGC Urban Tactical team will continue to take part in GGDM development to ensure the Urban Tactical information is represented accurately and completely. The UTP data production effort is GGDM compliant and will use the appropriate GGDM version per their requirements. The UTP is now an authoritative dataset.

AGC Engineering Route Study

The Engineering Route Study (ERS) is produced by AGC and is a required component of the GGDM. This component is unique in that the ERS team performed an early evaluation of the TDS and found that all but one required ERS feature was currently present in the TDS. The ERS team provided a list of the required features (no attributes or enumerated domain values) for incorporation into the GGDM CDMF compliant LDM: a) to maintain accurate lineage of features to ERS, ensuring required ERS content will not be inadvertently removed and b) to extend the GGDM with the one feature required by ERS that was not in TDS. 

There were no mappings developed for the ERS content and the component LDM is minimal. As the ERS team identifies additional required features or attributes, these will be incorporated into the ERS component LDM such that accurate data requirements for ERS can be tracked against the GGDM.

The GGDM 3.0 included no changes that were a result of ERS activities. 
NSG Littoral Riverine 
For GGDM 2.2, some of the Littoral / Riverine features were reviewed and excessive attribution was removed. 

	AerodromeBeacon (Point 00)
	
	InsubstantialNavMark (Point 00) 

	AeroNavaid (Point 00)
	
	MaricultureSite (Area 00) 

	AquaticVegetation (Area 00) 
	
	MaritimeCautionArea (Area 00) 

	AquaticVegetation (Point 00) 
	
	MaritimeLimit (Line 00) 

	BottomCharacterRegion (Area 00) 
	
	MaritimeRadarRefLine (Line 00) 

	BottomCharacterRegion (Point 00) 
	
	MaritimeRoute (Area 00) 

	CallingInPoint (Point 00) 
	
	MaritimeRoute (Line 00) 

	DepthCurve (Line 00) 
	
	MaritimeSignalStation (Point 00) 

	DiscolouredWater (Area 00) 
	
	Marker (Point 00) 

	DiscolouredWater (Point 00) 
	
	MeasuredDistanceLine (Line 00) 

	DistanceMark (Point 00) 
	
	SweptArea (Area 00) 

	DredgedArea (Area 00) 
	
	TidalStreamObserveStation (Point 00) 

	FishingStakes (Line 00) 
	
	TrafficSeparationScheme (Area 00) 

	FishWeir (Area 00) 
	
	TrafficSeparationScheme (Line 00) 

	FoulGround (Point 00) 
	
	TrafficSeparationScheme (Point 00) 

	Gridiron (Area 00) 
	
	WaterbodyDivider (Area 00) 

	Grove (Area 00) 
	
	WaterMovementDataLocation (Point 00) 

	Grove (Point 00) 
	
	


FCS Brigade Combat Team Information Model (BCTIM)

The FCS BCTIM was evaluated early in the GGDM development process when there was no NFDD based GGDM to use in a comparison or mappings developed to aid in the analysis. The FCS BCTIM uses an internal data dictionary that is not FACC, but parts of it are similar to the SEDRIS Environmental Coding Data Standard (EDCS), for which there are FACC mappings. The fundamental syntactic, semantic and modeling approach for the BCTIM prohibited evaluation of the BCTIM at the attribute enumerant level, and prohibited analysis with respect to feature geometries. The focus was on the EDCS-like elements within BCTIM that were in common with the AGDM 1.0 and identification of content that fell outside the AGDM 1.0. None of the BCTIM content falling outside of AGDM 1.0 has been included in the GGDM model at this time. 

Due to the fact that the GGDM 2.2 was mapped to NFDD and the final GGDM includes lineage statements that indicate where these mappings were used, the BCTIM overlap with the GGDM was identified. 

Army Geospatial Data Model (AGDM) version 1.0 mapped to NFDD 

The Army Geospatial Data Model 1.0 was released in February, 2009 and was based on a FACC data dictionary with extensions specific to the model components listed below. AGDM 1.0 was comprised of three primary components:

a) Theater Geospatial Database (TGD) 3.2; The Theater Geospatial Database (TGD) is described in 4 levels: Strategic, Operational, Tactical, and Urban 

b) Urban Tactical Planner (UTP) 0710

c) Stryker Brigade Combat Team (SBCT)

AGDM 1.0 was formed by generating a union of the three primary components and then performing adjudication to ensure consistent attribute vectors regardless of geometry, provide for metadata representation, and to abstract geometric representation and common attributes. One goal of AGDM 1.0 was to be inclusive of all of the data content from all of the components. The AGDM 1.0 included hierarchical relationships, abstracted elements, and relationships for feature groupings.
 

In the development of AGDM 2.0, content that fell outside of TDS was determined and potential extensions to TDS were identified. Almost all of the AGDM 1.0 content was mapped to NFDD. Three different revisions of the TGD-TFDM mapping were developed by NCGIS. Even with this aid there were many cases that new mappings had to be defined to address TGD requirements that were not included in the TGD-TFDM mapping document. Additionally, there were areas that changed over time, mappings had to be re-evaluated, and questionable mappings corrected. 

The mapping of AGDM 1.0, evolved into a complex mapping of the data model schema into NFDD 2.0 with extensions, and later updated to NFDD 3 draft with extensions. The complexities include mappings in which feature attribute values from the source may be mapped to multiple destinations including mappings to a feature, or mappings to multiple sets of feature and attribute values. Particularly troublesome were mappings that might violate the consistency of the AGDM (as derived from consistency rules of the TDS). For instance, attribution regarding roads should only appear on roads or other transportation features, not on features that are “near” transportation features: road width should be applied to a road, not a bridge or a tunnel. For more details about the AGDM mapping efforts, please see “GGDM 3.0 RationaleAppendix Concept Mappings.doc”.
While the AGDM 1.0 included TGD as a component, it did not include the US Marine Corp Topographic Production Capability Database (MCDB). However, since the MCDB content is generally an extension to TGD, the MCDB mappings are included as extensions to the AGDM 1.0 mappings to NFDD.

The AGDM 1.0 stakeholders also apply to the GGDM 3.0:

In particular, the primary stakeholder for AGDM 1.0 was TGD. As such, the primary focus for AGDM 1.0 mappings was on mappings for TGD. The TGD stakeholder has continued to provide key information and feedback in the development of the mappings from TGD to AGDM. Given the importance of the TGD stakeholder and the significant contribution of TGD data requirements within AGDM, documentation has been developed that describes the TGD contributions to AGDM from the TGD perspective. This information is expected to be used to facilitate additional interactions where TGD to AGDM mappings may have had issues, or may need refinement. The TGD Rationale is documented in: AGDM_2_TGD_Rationale.doc. 

The SBCT component of AGDM was re-evaluated during this phase and in some cases it was found the SBCT content was represented in TDS or TGD in an alternative fashion and could therefore be removed. While some SBCT concepts were removed from the AGDM, SBCT content was retained if there was clear need and when the definitions were clear. For instance, during meetings with the TGD Geospatial Planning Cell (GPC) SMEs, the need for a Waste Pile or Waste Heap feature was discussed. While this originally came from SBCT, meeting participants stated there was an explicit need for such a concept in the TGD.

GGDM Change Notices
The GGDM change notices coming from Army SMEs, Marine Corp SMEs, AGDM developers, Esri, and NCGIS are researched, reviewed, and documented throughout the development of the GGDM 3.0. These change notices result in extension and modification of GGDM content beyond the more direct information listed above. Approved changes are incorporated into the GGDM 3.0 to ensure consistency with NAS, support the requirements of ground-warfighters, and enable data collection and analysis. 

Conclusion

The GGDM is dependent on the component models combined and adjudicated to make up the bulk of the information in the GGDM.  Details on the GGDM Extensions are in GGDM-3-0-RationaleAppendix Extensions.
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