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Acronyms

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

AGC
Army Geospatial Center

AGDM
Army Geospatial Data Model

BCTIM
Brigade Combat Team Information Model

DFDD
DGIWG Feature Data Dictionary

DGIWG
Defense Geospatial Information Working Group

EDCS
Environmental Data Coding Specification

ERS
Engineering Route Study

FACC
DGIWG Feature and Attribute Coding Catalog

GGDM
Ground-warfighter Geospatial Data Model

GPC
Geospatial Planning Cell 
MC TPC
US Marine Corp Topographic Production Capability 

NAS
NSG Application Schema

NCGIS
National Center for Geospatial Intelligence Standards

NFDD
NSG Feature Data Dictionary

NSG
National System for Geospatial Intelligence

SBCT
Stryker Brigade Combat Team

TDS
Topographic Data Store

TFDM
Topographic Feature Data Management
TGD
Theater Geospatial Database

UTP

Urban Tactical Planner

WRDB
Water Resources Data Base

1. Concept Mappings
Introduction

The GGDM includes concepts originating from Defense Geospatial Information Working Group (DGIWG) Feature and Attribute Coding Catalog (FACC)-based components of Army Geospatial Data Model (AGDM) 1.0 including Theater Geospatial Database (TGD), AGC Urban Tactical Planner (UTP), and Stryker Brigade Combat Team (SBCT). When the GGDM migrated from the FACC dictionary to National System for Geospatial Intelligence (NSG) Feature Data Dictionary (NFDD), the GGDM team mapped the original AGDM 1.0 concepts to the NFDD based model. The results of this mapping effort were included in GGDM 2.0. For GGDM 2.1 and GGDM 2.2 mappings were developed, upgrading one GGDM schema to the other.  For GGDM 3.0, the previous mappings are utilizedso the discussion points in this document are still applicable. 

Mapping Introduction

A significant number of GGDM components are not NFDD-based and for this reason mappings are required to translate the requirements in these component models into the GGDM. The AGDM 1.0 was based on the FACC data dictionary and it included data dictionary extensions in order to model concepts that were not found in FACC. The primary components used in the construction of AGDM 1.0 were all FACC based. The GGDM 3.0 is based on the NFDD, the same FACC-based components present in AGDM 1.0, as well as new component models which contribute to the GGDM 3.0. Maintenance of mappings from these FACC-based data models to GGDM serve to ease future mappings and form a basis for data translation. In addition, detailed maintenance of these mappings significantly enhances the lineage of concepts in the GGDM since the lineage of the original FACC content is retained and documented in the GGDM.

Simple mappings from one dictionary to another are not sufficient since dictionary mappings do not take into account the context in which the concept is used, nor do they account for some semantics introduced when applying a particular attribute to a feature. Both the schema and the semantic clues are important in the development of mappings to or from the GGDM. At the other end of the mapping spectrum, specific mappings applicable to data sets might prove beneficial. For the GGDM, the mappings facilitate the development of a complete GGDM data model given several source requirements that consist of concepts that are not in NFDD. Figure 1 illustrates the comprehensiveness of different mapping levels and where the mappings developed for the GGDM occur.
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Figure 1 Mapping Comprehensiveness
The mappings developed for the GGDM are not intended for mapping data sets, but provide a good starting point to definedata set mappings. However, given the intent is to develop a data model, some liberties are taken with mappings.  For example:

a) Mappings are not included when the GGDM already supports the concept
b) Additional mappings are included in order to force the GGDM to include concepts that it otherwise would not include

Content Categories
The GGDM is developed with different categories of content and each of these has a different impact to mappings. This is illustrated in Table 1:
a) Source schema, mappings, and NFDD based destinations captured in a native data dictionary – such as FACC:  Stakeholder and other invested parties provided input in order to complete mappings to the NFDD and GGDM. The source concepts, mappings, and the mapped destinations are retained in the GGDM unless the stakeholder confirmed the removal of content. This was the case for the components that formed the AGDM 1.0: TGD, and SBCT. The case for the GGDM 2.2 components are WRDB, MC TPC, and ABCA Allies.
b) NFDD based destination with mappings not captured:  Portions of a schema or data requirement are provided. Content is either a) in FACC, b) already mapped to NFDD (by an outside team), or c) not in any existing dictionary. Where mappings are possible, destination concepts in NFDD are identified. There are cases where the non-NFDD source concepts in the original source form along with destination mappings cannotbe retained.  This is due to not having the full specification or mapping rationale.  In these cases, only the destination concepts based on NFDD are retained. This case corresponds to AGC Water Resources Data Base (WRDB) and Engineering Route Study (ERS) information contributing to the GGDM.

c) More than 2 dictionaries:  Source information is in a native dictionary not directly mappable to NFDD. However a two stage mapping provides for a subset of destination concepts. This case corresponds to the Brigade Combat Team Information Model (BCTIM) which has its own data dictionary. Given that parts of that data dictionary are consistent with the Environmental Data Coding Specification (EDCS) dictionary and EDCS to FACC dictionary mappings are available, the process was to start with a native dictionary, move to EDCS, translate to FACC, and then to the NFDD based GGDM.

d) No mappings required:  The content is provided in NFDD meaning no mappings are required. These data schemas do not require mappings and are used as is. The TDS/NAS is provided in NFDD and requires no mappings.

Looking at the different components of both the GGDM and previous AGDM releases, the “mapping approach” used with each component is illustrated in Table 1.

 Table 1 Mapping Approach Matrix

	 
	NAS/ TDS
	WRDB
	ERS
	TGD
	MC TPC
	UTP
	SBCT
	BCTIM
	Water Security

	Source schema, mappings, NFDD based destination
	 
	 
	 
	X
	X
	X
	X
	 
	 

	NFDD based destination with  mappings not captured
	 
	X
	X
	 
	 
	 
	 
	 
	X

	More than 2 dictionaries, partial mappings
	 
	 
	 
	 
	 
	 
	 
	X
	 

	No mappings required
	X
	 
	 
	 
	 
	 
	 
	 
	 

	Other Comments
	 
	 
	 
	 
	 
	Many UTP concepts discarded
	Some SBCT concepts discarded
	Subset of BCTIM addressed
	 


Mapping Process

Initial mappings are developed at the feature level, meaning feature to feature. These aree based on the TGD-Topographic Feature Data Management (TFDM) feature level mappings, and the work performed in developing EDCS / NFDD feature concept mappings. Over time, these feature level mappings evolved considerably to address features that map to multiple destination features, and other complexities. In general, the feature level mappings do not have significant value other than providing information for those that only want to look at statistics about features or features that map one-to-one. The full context of the mappings is held within the feature, the attribute and domain value combinations. Given all of the feature, attribute, and value mappings one can derive all feature level mappings. 
A few sample feature level mappings are shown here:

	FACC based Feature
	GGDM Feature

	AA012 Quarry Line
	Extraction Mine Line

	AA012 Quarry Point
	Extraction Mine Point

	AA040 Rig/Superstructure Point
	Rig Point

	AA050 Well Point
	Non-water Well Point

	AA050 Well Point
	Water Well Point


Notice that the FACC ‘Well’ feature in this example is mapped to two different GGDM features. This is an excellent example illustrating that attribute values must be taken into account to successfully translate the Well source feature to either GGDM destination feature.

An example of multiple source features mapped to a single destination feature are shown below. Some feature level mappings can be misleading and one must consider attribution. For example, the Claim Line does not always map to an Administrative Boundary. Sometimes the Claim Line maps to a Conservation Area, but this only becomes apparent when the attribute values are evaluated.

	FACC based Feature
	GGDM Feature

	FA000 Administrative Boundary Line
	Administrative Boundary Line

	FA020 Armistice Line
	Administrative Boundary Line

	FA030 Cease-Fire Line
	Administrative Boundary Line

	FA040 Claim Line
	Administrative Boundary Line

	FA060 Defacto Boundary Line
	Administrative Boundary Line

	FA050 Mandate Line/Convention Line
	Administrative Boundary Line


The four feature level mappings in GGDM 3.0 are:
· Mappings of  1 source feature to 1 destination feature

· Mappings of  1 source feature to many destination features

· Mappings of many source features to 1 destination feature

· Mappings of  many source features to many destination features

The major part of the mapping effort addresses mappings at the feature / attribute / value level and it is these mappings that are most valuable because they address all of the nuances of each concept in the source model.. The initial starting point is to list all source concepts at the feature / attribute /value level. 

The primary steps of the mapping process are:
a) Look up the source concept in the NAS 7.0 and NCGIS TGD-TFDM mappings report and fill in the potential mapping destination information :  The NAS 7.0 Entity Catalog and TGD-TFDM mapping spreadsheet from NCGIS forms an important basis for the GGDM mappings because TGD makes up the bulk of AGDM 1.0 and NCGIS is the expert in understanding the NAS and NSG NFDD. There are three different revisions of the TGD-TFDM mapping. With each revision, the GGDM mappings are revised to show the changed or enhanced mappings.

b) Consult the EDCS / NFDD dictionary mapping results to fill in any missing gaps:  EDCS is known to be close to FACC in many areas, so this mapping did provide useful information and it was especially useful because the mappings are documented with substantial comments that provide a measure of confidence in the mapping.

c) Evaluate the mappings for consistency and correctness and adjudicate mapping information:  During this stage, obvious errors in the mappings are identified and corrected. Consistency issues are identified – especially when an attribute is mapped to multiple destinations. For example, corrective actions are taken into account for Boolean attributes (that typically map to one Boolean value, and ultimately the model requires both Boolean values). 

d) Fill in the mapping gaps:  The TGD-TFDM mapping document does not account for all TGD source content, and in some cases content is specified as “do not map”, when in fact the TGD stakeholder has identified the concept as a requirement. The reason for some of these “do not map” statements was simply that the concept is not available in NFDD or any other NSG data store schema. First, attempts are made to identify an appropriate NFDD concept for the mapping. If an appropriate NFDD destination is not found, concepts are searched for in other Feature Data Dictionaries.  If one of the non-NFDD dictionaries is used, the concept is added to the GGDM as an extended concept. The label and definition are taken from the source dictionary in which the concept is identified. If none of the currently available dictionaries provide the appropriate concept, it is added to GGDM as an extension with a definition provided by the stakeholder. 

e) Review, revise and refine mappings:  Reviews of the mappings are conducted where existing mappings are compared against new revisions of the TGD-TFDM mappings to identify differences and make corrections as necessary. Input is received from NSG and is used to adjust mappings. Mappings are refined based on meetings held internally and between the GGDM team and NSG. Mappings are also adjusted given feedback from TGD given questions directed to the Army Geospatial Planning Cells (GPCs).

f) General mappings:  Some adjustments are made to general mappings found in the content. For instance, destination enumerated values of “Not Applicable” and “Other” are addressed. This is not done based solely on each source / destination mapping. Instead the full set of destination values is taken into account to determine if “Other” or “Not Applicable” can be a valid value.
g) The enumerant value of 0 = “Unknown” is not mapped. The GGDM has the value of “No Information” on all but 3 attribute enumerants, so individual mapping of 0 = Unknown to the GGDM No Information is unnecessary. 
Example Mapping

An example mapping table follows:

	Source Feature
	Source Attribute
	Source Value
	Status
	GGDM Feature
	GGDM Attribute
	GGDM Attribute Value

	FA040 Claim Line
	Usage (USE)
	City
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	2 : Provisional Administrative Line

	FA040 Claim Line
	Usage (USE)
	County
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	1 : Generic Administrative Boundary

	FA040 Claim Line
	Usage (USE)
	Forest Preserve
	GGDM destination identified
	Conservation Area (FA210)
	Conservation Area Management Category (CAAM)
	1 : Strict Nature Reserve

	FA040 Claim Line
	Usage (USE)
	Insular
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Controlling Authority (CAA)
	999 : Other

	FA040 Claim Line
	Usage (USE)
	International
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	17 : Generic International Boundary

	FA040 Claim Line
	Usage (USE)
	Medical
	Not mapped due to specific rationale
	 
	 
	 

	FA040 Claim Line
	Usage (USE)
	Primary/1st Order
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Administrative Subdivision : BGN Administrative Level (FA003_BAL)
	1 : First-order

	FA040 Claim Line
	Usage (USE)
	Provincial
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	1 : Generic Administrative Boundary

	FA040 Claim Line
	Usage (USE)
	Reserve/Reservation
	GGDM destination identified
	Conservation Area (FA210)
	Conservation Area Management Category (CAM)
	9 = Protected Landscape or Seascape

	FA040 Claim Line
	Usage (USE)
	Secondary/2nd Order
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Administrative Subdivision : BGN Administrative Level (FA003_BAL)
	2 : Second-order

	FA040 Claim Line
	Usage (USE)
	State
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	 1 : Generic Administrative Boundary

	FA040 Claim Line
	Usage (USE)
	Tertiary/3rd Order
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Administrative Subdivision : BGN Administrative Level (FA003_BAL)
	3 : Third-order

	FA040 Claim Line
	Usage (USE)
	Tribal
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Controlling Authority (CAA)
	999 : Other

	FA040 Claim Line
	Usage (USE)
	Unknown
	Not a concern at this time - see notes and comments
	 
	 
	 

	FA040 Claim Line
	Usage (USE)
	Village
	GGDM destination identified
	Administrative Boundary Line (FA000)
	Geopolitical Line Type (LSP)
	1 : Generic Administrative Boundary


Notice in the above example

· The Claim Line content may be mapped to either an Administrative Boundary or a Conservation Area. 

· The source attribute, Usage (or USE), maps to four different destination attributes: 1) Geopolitical Line Type (LSP), 2) Controlling Authority (CAA), 3) Administrative Subdivision : BGN Administrative Level (FA003_BAL), and 4) Conservation Area Management Category (CAM). Due to the mapping of one attribute to many, the GGDM contains attributes that have only one or two possible values. 
Another mapping example illustrates some of the mapping concepts discussed:
	Source Feature
	Source Attribute
	Source Value
	Status
	GGDM Feature
	GGDM Attribute
	GGDM Attribute Value

	AN010 US-Railroad UK-Railway Line
	Location Category (LOC)
	On Ground Surface
	GGDM destination identified
	Railway Line (AN010)
	Vertical Relative Location (LOC)
	44 : On Surface

	AN010 US-Railroad UK-Railway Line
	Location Category (LOC)
	Suspended or Elevated Above Ground or Water Surface
	GGDM destination identified
	Railway Line (AN010)
	Supported by Bridge Span (SBB)
	1001 : True

	AN010 US-Railroad UK-Railway Line
	Location Category (LOC)
	Underground
	GGDM destination identified
	Railway Line (AN010)
	Vertical Relative Location (LOC)
	40 : Completely Below Ground Surface

	AN010 US-Railroad UK-Railway Line
	Location Category (LOC)
	Unknown
	Not a concern at this time - see notes and comments
	 
	 
	 


· The GGDM attribute Supported by Bridge Span (SBB) requires both a true and a false value. Due to consistency rules, both “True” and “False” options are in the GGDM regardless of the mapping.

· Inconsistencies are possible in the resultant GGDM since the mapping does not check the validity of the attributes’ contents.  An example is the split of LOC into two different destinations. It is possible to have a Railway Line feature with the LOC attribute = Below Ground Surface and the SBB attribute  = True, so an underground railway is supported by a bridge span in the GGDM resultant mapping.

· The Location Category (LOC) attribute is particularly difficult to deal with. General review of all of the LOC attribute usage needs to be performed because there are many times when its use does not make any sense.

Some examples of the four feature level mappings in GGDM 3.0 are:

One source to multiple destinations, providing for inverse values:  
“Nonpotable” is not an option, so to provide an inverse value for Potable, a mapping to Nonpotable is included in order to force the GGDM to provide for this value:

[image: image2.emf]CodeFeature Geom Attribute Value Code Feature GeomAttribute Value

BH080Lake/Pond Area Spring/Well Characteristic CategoryFreshwater/Potable BH082 Inland Waterbody Area Water Potability Potable

BH080Lake/Pond Area Spring/Well Characteristic CategoryFreshwater/Potable BH082 Inland Waterbody Area Water Potability Nonpotable

Source Concept, Feature / Attribute / Value GGDM Concept (Logical) Feature / Attribute / Value


Multiple source concepts going to one destination: 
 An example of two separate source features that are both mapped to a single destination feature:

[image: image3.emf]CodeFeature Geom Attribute Value Code Feature GeomAttribute Value

BA010Coastline/Shoreline Line Accuracy Category Accurate BA010 Land Water Boundary Line Horizontal Accuracy Category Accurate

BH210Inland Shoreline Line Accuracy Category Accurate BA010 Land Water Boundary Line Horizontal Accuracy Category Accurate

Source Concept, Feature / Attribute / Value GGDM Concept (Logical) Feature / Attribute / Value


Multiple source concepts mapped to multiple destinations:
 This is the most complex mapping.  An example is mapping a Canal Feature right and left waterbody bank attributes to the GGDM Canal Feature:
[image: image4.emf]CodeFeature Geom Attribute Value Code Feature GeomAttribute Value

BH020Canal Line Bank Gradient Left [1,998] BH020 Canal Line Above Water Bank Slope unspecified

BH020Canal Line Bank Gradient Left [1,998] BH020 Canal Line Bank Orientation Left

Source Concept, Feature / Attribute / Value GGDM Concept (Logical) Feature / Attribute / Value


[image: image5.emf]CodeFeature Geom Attribute Value Code Feature GeomAttribute Value

BH020Canal Line Bank Gradient Right [1,998] BH020 Canal Line Above Water Bank Slope unspecified

BH020Canal Line Bank Gradient Right [1,998] BH020 Canal Line Bank Orientation Right

Source Concept, Feature / Attribute / Value GGDM Concept (Logical) Feature / Attribute / Value


These mapping examples are provided for further explanation.  Several mappings to the GGDM have been accomplished and each one has its nuances.  A knowledgeable, proactive point of contact (POC) for the source data is critical in locating all data content, help to metadata, providing definitions, and approving final decisions on mappings.  When mappings are done, it must be determined if this mapping is based on a specific data set and will be a one-time mapping or if this mapping is based on a data schema and will be reusable.

The basic data mapping steps are:
1. Gather GIS data
2. Quality control of the source data to be mapped
1. Check/Change geometry for features
2. Populate missing values (ex. ID values)
3. Count number of records in features
4. Check Projections (ex.WGS84)
5. Compact database
3. Import data into geodatabase or shapefiles
4. Map or correlate data to GGDM
a. Utilize GGDM Entity Catalog.xls
5. Perform Intensification (adding missing values, fixing geometry)

6. Translate data into GGDM file geodatabase

a. Know which GRLS is needed

b. Know which version of GGDM (2.1 or 2.2 or 3.0) is required
c. Load the source data into the GGDM file geodatabase 
d. Create and populate ResourceSrf, if needed
e. Create and populate MetadataSrf, if needed
7. Perform Quality Assurance and Quality Control of mappings
a. Ensure all features translated [row counts]
b. Ensure translated attribute values are correct [attribute type]
c. Ensure all enumerated attributes’ contents are valid [domain values match list]

