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ABSTRACT: Terrain data sets may consist of many hundreds of types of features and thousands of types of associated attributes. Ensuring that the resulting feature-attribute combinations are both correct and consistent can be difficult, and designing an application to make best use of such complicated data sets is usually challenging. The apparent complexity, and the resulting challenge to application developers, can sometimes be reduced by organizing features into sets that share common structure, function, collection criteria, or application use. Such sets are commonly termed coverages (or themes). This paper describes the use of coverages to structure terrain data sets developed to support US Department of Defense systems. These data sets are usually developed by the National Imagery and Mapping Agency (NIMA), but other terrain data providers use similar, or identical, coverage-based solutions.

1. Introduction

Terrain data sets are complex collections of geographic information characterized in terms of features with associated attributes (and their specific domain values). Common terrain data sets in US Department of Defense systems consist of hundreds of types of features and thousands of types of associated attributes. In general, the design of terrain data sets serves a specific, or suite of specific, missions/applications. Many such applications depend on automated analysis and use of terrain data, ultimately as part of a decision-support process in which computer-based analysis is employed.

Automated systems are easiest to design, implement, and operate if the data upon which they operate is error-free and well-structured. Consistency in organization (e.g., in a well thought out data model) reduces difficulties in QA/QC of the data itself, and the design of software to analyze the data to support subsequent decision-making.

The apparent complexity of terrain data sets, and the resulting challenge to application developers, can sometimes be reduced by organizing features into sets that share common structure, function, collection criteria, and/or application use. Such sets are commonly termed coverages (or themes).

2. Coverages in legacy and current data products

The National Imagery and Mapping Agency (NIMA) has developed a number of Military Performance (MIL-PRF) specifications for terrain data sets. Most, but not all, of these specifications have corresponding data sets in production which support current operations in the US Department of Defense. Essentially all of these MIL-PRF specifications are based on the use of the Vector Product Format (MIL-PRF-89049, General Specification for Vector Product Format (VPF) Products, 24 November 1998). A significant data construct within VPF is the ability to organize sets of feature instances into collections of files and directories that aid rapid data indexing, access and retrieval. MIL-PRF specifications based on VPF leverage this organizational capability by individually defining a set of coverages.

Each MIL-PRF specification identifies its set of coverages, typically by both a long (e.g., multi-word phrase) and a short (e.g., 3-character abbreviation) “name”. Definitions for the meaning of such coverages are not typically provided, however. Instead, one must examine the specific feature assignments for each coverage and in conjunction with the specified name extrapolate the intended semantic and scope of the coverage.

Note that this extensional definition-by-enumeration is complete and unambiguous, but that a single feature removal or addition results in the same coverage name being applied to a different collection of features, and therefore a different extensional definition. As a result, the coverage name is not associated with a fixed semantic – whether as the MIL-PRF specification evolves over time, or when the apparently same coverage name is used in a different MIL-PRF specification.

The following table summarizes the coverages specified in a variety of NIMA MIL-PRFs applicable to terrain data sets.

	NIMA terrain data product
	MIL-PRF specification
	Included coverages

	(VPF examples)
	MIL-PRF-89049, General Specification for Vector Product Format (VPF) Products, 24 November 1998.
	Aids to Navigation (nav)

Cultural Landmarks (cul)

Data Quality (dqy)

Earth Cover (ecr)

Hydrography (hyd)

Inland Waterways (iwy)

Limits (lim)

Obstructions (obs)

Port Facilities (por)

	DCW
	MIL-D-89009, Military Specification

Digital Chart of the World (DCW), 13 April 1992.
	Aeronautical (ae)

Cultural Landmarks (cl)

Data Quality (dq)

Drainage (dn)

Drainage-Supplemental (ds)

Hypsography (hy)

Hypsography-Supplemental (hs)

Land Cover (lc)

Library Reference (libref)

Ocean Features (of)

Physiography (ph)

Political/Oceans (po)

Populated Places (pp)

Railroads (rr)

Roads (rd)

Tile Reference (tileref)

Transportation Structure (ts)

Utilities (ut)

Vegetation (vg)

	VMap0
	MIL-PRF-89039, Performance Specification Vector Smart Map (VMap) Level 0, 9 February 1995.
	Boundaries (bnd)

Data Quality (dq)

Elevation (elev)

Hydrography (hydro)

Industry (ind)

Library Reference (libref)

Physiography (phys)

Population (pop)

Tile Reference (tileref)

Transportation (trans)

Utilities (util)

Vegetation (veg)

	VMap1
	MIL-PRF-89033, Performance Specification Vector Smart Map (VMap) Level 1, 1 June 1995.
	Boundaries (bnd)

Data Quality (dq)

Elevation (elev)

Hydrography (hydro)

Industry (ind)

Library Reference (libref)

Physiography (phys)

Population (pop)

Tile Reference (tileref)

Transportation (trans)

Utilities (util)

Vegetation (veg)

	VMap2
	MIL-PRF-89032, Performance Specification Vector Smart Map (VMap) Level 2, draft, dated 15 April 1996.
	Data Quality (dq)

Elevation (elev)

Hydrography (hydro)

Industry (ind)

Library Reference (libref)

Physiography (phys)

Population (pop)

Tile Reference (tileref)

Boundaries (bnd)

Transportation (trans)

Utilities (util)

Vegetation (veg)

	UVMap
	MIL-PRF-89035A, Performance Specification Urban Vector Smart Map (UVMap), 1 August 2002.
	Boundaries (bnd)

Data Quality (dq)

Elevation (elev)

Hydrography (hydro)

Industry (ind)

Library Reference (libref)

Physiography (phys)

Population (pop)

Tile Reference (tileref)

Transportation (trans)

Utilities (util)

Vegetation (veg)

	VITD
	MIL-PRF-89040, Performance Specification, Vector Product Interim Terrain Data (VITD), 8 May 1995.
	Obstacles (obs)

Slope/Surface Configuration (slp)

Soil/Surface Materials (smc)

Surface Drainage (sdr)

Transportation (trn)

Vegetation (veg)

	DNC
	MIL-PRF-89023, including Amendment 1, Performance Specification, Digital Nautical Chart, 23 February 1999.
	Aids to Navigation (nav)

Coastline/Countries (coa)

Cultural Landmarks (cul)

Data Quality (dqy)

Earth Cover (acr)

Environment (env)

Hydrography (hyd)

Inland Waterways (iwy)

Land Cover (lcr)

Library Boundaries (lib)

Limits (lim)

Obstructions (obs)

Port Facilities (por)

Relief (rel)

	FFD
	MIL-PRF-89049/1, Associated Performance Specification Foundation Feature Data (FFD), draft, dated 9 February 2001.
	Aeronautical (aer)

Boundaries (bnd)

Data Quality (dq)

Elevation (ele)

Ground Transportation (gtr)

Inland Waters (iwa)

Library Reference (libref)

Ocean Environment (oen)

Physiography (phy)

Population (pop)

Ports and Harbors (phr)

Tile Reference (tileref)

Utilities and Industry (uti)

Vegetation (veg)

	DTOP
	MIL-PRF-89037, Performance Specification, Digital Topographic Data (DTOP), 29 May 1999.
	Beach (bch)

Boundaries (bnd)

Data Quality (dq)

Hydrography (hydro)

Industry (ind)

Library Reference (libref)

Obstacles (obs)

Physiography (phys)

Population (pop)

Slope/Surface Configuration (slp)

Soil/Surface Materials (smc)

Surface Drainage (sdr)

Tile Reference (tileref)

Transportation (trans)

Utilities (util)

Vegetation (veg)

	LWD (TLD)
	MIL-PRF-89049/7, Associated Performance Specification, Littoral Warfare Data (LWD), 18 May 1998.
	Aeronautical (aer)

Coastline/Boundaries (clb)

Data Quality (dq)

Depth Information (dep)

Elevation (ele)

Ground Obstacles (gob)

Ground Transportation (gtr)

Hydrographic Aids to Navigation (han)

Hydrographic Dangers (had)

Hydrographic Limits (hyl)

Industry (ind)

Inland Water (iwa)

Library Reference (libref)

Ocean Environment (oen)

Ports or Harbors (phr)

Physiography (phy)

Population (pop)

Tile Reference (tileref)

Utilities (uti)

Vegetation (veg)

	TOD0
	MIL-PRF-89049/10A, Associated Performance Specification Tactical Ocean Data – Level 0 (TOD0), draft, dated 16 July 1999.
	Aeronautical (aer)

Data Quality (dq)

Earth Cover (ecr)

Library Reference (libref)

Maritime (mar)

Tile Reference (tileref)

	TOD1
	MIL-PRF-89049/11A, Associated Performance Specification Tactical Ocean Data – Level 1 (TOD1), draft, dated 16 July 1999.
	Data Quality (dq)

Earth Cover (ecr)

Hydrography (hyd)

Library Reference (libref)

Non-submarine Contacts (nsc)

Survey Information (sur)

Tile Reference (tileref)

	TOD2
	MIL-PRF-89049/12A, Associated Performance Specification Tactical Ocean Data – Level 2 (TOD2), draft, dated 16 July 1999.
	Data Quality (dq)

Earth Cover (ecr)

Hydrography (hyd)

Library Reference (libref)

Non-submarine Contacts (nsc)

Survey Information (sur)

Tile Reference (tileref)

	TOD4
	MIL-PRF-89049/14, Associated Performance Specification Tactical Ocean Data – Level 4 (TOD4), draft, dated 15 March 2000.
	Data Quality (dq)

Earth Cover (ecr)

Hydrography (hyd)

Library Reference (libref)

Test Site (htl)

Tile Reference (tileref)

	WVSPLUS®
	MIL-PRF-0089012A, Performance Specification World Vector Shoreline (WVSPLUS®), 24 August 1999.
	Bathymetric (bat)

Coastlines/Countries/Oceans (coc) 

Data Quality (dqy)

Library Reference (libref)

Maritime Boundaries (mab)

Maritime Boundaries Supplemental (mbs)

Tile Reference (tileref)

	SWBD
	MIL-PRF-89049/2, Performance Specification Shuttle Radar Topography Mission (SRTM) Water Body Data, draft, dated 2 October 2000.
	Coastal Waters and Shoreline (cws)

Data Quality (dq)

Inland Water (iwa)


3. Coverages in future data products

Historically, MIL-PRF specifications for terrain data have been individually developed to meet user-specific requirements. Resulting individual specifications have often included unique coverages (see the various examples illustrated in the preceding section). These unique coverages, while meeting the narrow requirements of a particular user community or mission area, may make it difficult for applications designed to meet other requirements/missions to effectively use terrain data sets produced in accordance with specific MIL-PRF specifications.

Recognizing the problems that varying coverages across multiple MIL-PRF specifications cause for both DoD data customers, and for data providers, in 2000 NIMA (Mike Mullins) led an effort to define a set of standardized coverages for use in future products. The results of that internal activity were never finalized or applied to NIMA terrain data production (excepting to some degree to revisions of the Feature Foundation Data (FFD) specification).

The following table summarizes the standard coverages recommended by NIMA.

	Standardized Coverage Names and Definitions

	Aeronautical Coverage (aer)
	Consolidated coverage combining all features which make up:

(1) Airports (land or water used for take-off and landing of aircraft, including associated buildings and facilities),

(2) Airspace (an area in which aircraft may or may not be controlled.),

(3) Air Traffic Service Routes (Air routes designed to channel air traffic for the provision of air traffic services),

(4) Military Training and Refueling Routes (vertical and lateral defined airspace established for conducting military training and aerial refueling), and

(5) Terminal Procedures (series of predetermined maneuvers in the vicinity of an airport to orderly transition aircraft from take-off to the enroute phase of flight or from the enroute to terminal phase of flight).

	Aids to Navigation Coverage (atn)
	Aeronautical and hydrographic navigational features used to guide and control the movement of aircraft and ships.

	Boundaries Coverage (bnd)
	Features representing the demarcation between contiguous political or geographic entities.

	Defensive Structures (dfs)
	Features originally built for defensive or operational military purposes, but like Fort McHenry, not necessarily still in use for the purpose.

	Elevation Coverage (ele)
	Topographic features related to relief or elevation of terrain.

	Ground Transportation Coverage (gtr)
	The network of features and associated structures on or near the earth’s surface over which goods and Services are transported from one place to another.

	Inland Water Coverage (iwa)
	All water and drainage features and their associated structures, exclusive of those used in ground transportation and utilities and industry, from the coastline inwards that are related to the water budget on the landward side of that line.

	Maritime Limits Coverage (mlt)
	Areas and limits of significance to marine navigation.

	Ocean Environment Coverage (oen)
	Those features associated with the measurement of the physical characteristics and features of the oceans and seas with special reference to the elements that affect safe navigation.

	Physiography (phy)
	Those natural features (exclusive of those found in other coverages) that comprise or lay upon the terrain of the Earth’s surface and its macro and micro relief.  The surface can be either dry or water covered (Bottom Physiography).  This coverage also contains those Earth Science features dealing with the physical processes and phenomena occurring especially in the earth and its vicinity (Geophysical Features).

	Population (pop)
	Those man-made features (exclusive of those found in other coverages) used to house, employ, administrate, provide medical care, and entertain the populace of an area.

	Ports and Harbors Coverage (phr)
	Those hydrographic features generally associated with harbors and ports including breakwaters, seawalls, piers and other mooring structures, and cargo handling facilities used for the loading and discharging of cargo and passengers.

	Slope Coverage (slp)
	The maximum percent of incline from the horizontal at any point on the Earth’s surface, expressed as a positive number (lowest point to the highest point).

	Surface Materials Coverage (smc)
	The composition of the surface material at any point on the Earth’s surface, as determined by the extended Unified Soils Classification System (Corps of Engineers).

	Utilities and Industry Coverage (uti)
	The infrastructure of an area used to: (1) Deliver electric power, natural gas, oil, water, sewerage, telephone, telecommunications, etc. into the homes and businesses of the people in the area, and (2) Generate the commercial production and sale of goods and services.

	Vegetation Coverage (veg)
	The natural and man-induced plant cover over the Earth’s surface.


The following table summarizes the additional non-standard coverages developed by NIMA, but ultimately discarded through a process of combination into other coverages.

	Additional Non-standardized Coverage Names and Definitions

	Bottom Physiography Coverage (bpy)
	(undefined)

	Geophysical Features Coverage (geo)
	Earth Science features dealing with the physical processes and phenomena occurring especially in the earth and its vicinity.

	Hydrography Coverage (hyd) 
	(undefined)

	Hydrographic Limits Coverage (hyl) 
	(undefined)

	Military Structures (mls)
	Features originally built for defensive purposes, but like Fort McHenry, not necessarily still in use for the purpose.

	Military Training and Refueling Routes (mtr)
	Vertical and lateral defined airspace established for conducting military training and aerial refueling.

	Miscellaneous Underwater Features (muf)
	(undefined)

	Utilities Coverage (uti)
	The infrastructure of an area used to deliver electric power, natural gas, oil, water, sewerage, telephone, telecommunications, etc. into the homes and businesses of the people in the area.

	Industry Coverage (ind)
	Man-made features, not included in other coverages, that are related to the commercial production and sale of goods and services.


4. Interoperable coverages

Since 2001, NIMA has moved in the direction of “coverage-less” data sets, e.g. in the Country Database and Geospatial Intelligence Database Integration (GIDI) activities. In the meantime, essentially all available terrain data sets continue to incorporate some set of coverages as part of their organization.

The Synthetic Environment Data Representation and Interchange Specification (SEDRIS) addresses the interchange of terrain data (and other types of environmental data, as well) between a variety of data providers and data users. Included within that scope are providers and users of terrain data sets that have historically (and often still are) used VPF as their mechanism for data interchange. 

SEDRIS uses the Environmental Data Coding Specification (EDCS) to capture the type of features and attributes (and their domains) that appear in terrain data sets. The semantic content of the EDCS incorporates almost all of the content of the Feature and Attribute Coding Catalog (FACC) used by VPF-based terrain data products. Coverages, however, are neither features nor attributes.  They, in particular, are not defined by the FACC.

In order to allow for environmental data sets using SEDRIS Transmittal Format (STF) to losslessly incorporate terrain data sets based on MIL-PRF specifications using coverages (and typically captured using VPF) it was desirable for the EDCS to include a “coverage concept” and the ability to specify each coverage that may be in use in the US DoD community.  In particular, that scope includes both legacy, current, and future NIMA products.

The SEDRIS Organization has developed a VPF-to-STF capability that automatically translates terrain data sets from VPF into STF format. That application requires that the EDCS provide the necessary semantic support for coverages.

Consequently, the EDCS attribute “Coverage type”, with definition “Differentiates the type of mixture of environmental objects which have been grouped.” was defined. It is an enumerated attribute, therefore its domain is a set of specific values – each value specifies the semantic of an individual coverage. As the EDCS is extensible, the set of enumerants of this attribute can be extended in the future to support additional coverage types as they become apparent in, or are developed for, terrain data sets.

	Attribute value
	Definition

	Aeronautical Obstructions
	Vertical obstructions of significance to aeronautical navigation.

	Aids to Navigation
	Objects (e.g., lights, signage, electronic beacons) designed to assist in the determination of a safe course or of a vehicle's position, or to warn of dangers and obstructions.

	Air Traffic Service Routes
	Air routes designed to channel air traffic for the provision of air traffic services.

	Airport or Aeronautical
	Land or water used for take-off and landing of aircraft, including associated buildings and facilities.

	Airspace
	Regions in which aircraft may or may not be controlled.

	Beach
	Area objects relating to the delineation of the beach area that can be used as a template to extract information from other sources. Does not imply where amphibious landing can be performed, only that an area of beach exists.

	Bottom Physiography
	Those natural objects, from the coastline outwards, that comprise or lay upon the ocean bottom and its macro and micro relief.

	Boundaries
	Objects representing the demarcation between contiguous political or geographic entities.

	Coastline or Boundaries
	Lines and regions of demarcation, which have been defined for administrative, political, military, or other purposes.

	Coastline or Countries
	Coastlines, international boundaries and major ports at a small scale.

	Cultural Landmarks
	Objects (primarily land) of human origin that are significant to navigation.

	Data Quality
	Information about the source data, the measured accuracy of objects, and textual information found in marginal notes of hardcopy source (if any).

	Database Reference
	Consists of generalized small-scale outlines of each data library in the database.

	Depth Information
	Underwater topographic objects related to relief or elevation of the bottom.

	Earth Cover Maritime
	Topographic and hydrographic objects including shorelines, islands and boundaries of significance to marine navigation.

	Elevation
	Topographic objects related to relief or elevation of terrain.

	Maritime Environment
	Environmental characteristics relating to currents, tides and anomalies of significance to marine navigation.

	Geophysical
	Planetary Science objects dealing with the physical processes and phenomena occurring especially in the planet and its vicinity.

	Ground Obstacle
	Objects on or in the terrain surface, which restrict or divert the movement of ground vehicles.

	Ground Transportation
	The network of objects and associated structures on or near the terrain surface over which goods and services are transported from one place to another.

	Hydrographic Aids to Navigation
	Objects (e.g., buoys, beacons) designed to assist in the determination of a safe course or of a vessel's position, or to warn of dangers and obstructions.

	Hydrographic Dangers
	Offshore objects, generally underwater, which restrict or divert the movement of vessels.

	Hydrographic Limits
	Hydrographic lines and regions of demarcation, which have been defined for the purpose of controlling maritime traffic.

	Hydrography
	Hydrographic objects including depths, bottom characteristics, etc., of significance to marine navigation.

	Industry
	Man-made objects, not included in other coverages, that are related to the commercial production and sale of goods and services.

	Inland Water or Surface Drainage
	All water and drainage objects and their associated structures, exclusive of those used in industry, ground transportation, or utilities, from the coastline inwards that are related to the water budget on the landward side of that line.

	Land Cover
	Topographic objects including agricultural and extraction activities, and related surface characteristics, at a small scale.

	Maritime Land Cover
	Topographic objects including glaciers, trees, swamps and marshes of significance to marine navigation.

	Library Reference
	Consists of generalized objects considered most significant to the library; provides a preliminary small-scale view of the data.

	Maritime Limits
	Water boundaries and limits of specified areas of significance to maritime operations.

	Maritime Obstructions
	Wrecks, offshore installations and obstructions of significance to marine navigation.

	Military Structures
	Objects originally built for defensive purposes, but not necessarily still in use for that purpose.

	Military Training and Refuel Routes
	Vertical and lateral defined airspace established for conducting military training and aerial refueling.

	Miscellaneous Underwater
	Miscellaneous underwater objects.

	Non-submarine Contacts
	Large undersea objects that are not submarines (vessels).

	Ocean
	Offshore objects, at a small scale.

	Ocean Environment
	Objects describing the physical characteristics of the ocean (and littoral) volume and bottom as portrayed on marine charts.

	Physiography
	Those natural objects, exclusive of inland water objects, that comprise or lay upon the terrain and its macro and micro relief.

	Place Names
	Consists of significant named locations.

	Political Entities
	Consists of generalized small-scale outlines of political entities.

	Population
	Man-made objects used to house, employ, administrate, provide medical care, and entertain the populace of an area.

	Port Facilities
	Hydrographic objects including breakwaters, piers and seawalls of significance to marine navigation.

	Ports and Harbors
	Natural or artificial improved bodies of water providing protection for vessels, and their associated anchorage, docking and related cultural facilities.

	Railroads
	Terrain surface objects comprising rail lines on which trains or trams run, and their associated structures.

	Relief or Hypsography
	Terrain objects that directly depict land elevation information, including contours and spot elevations.

	Roads
	Open ways on the terrain surface maintained for vehicular use, and their associated structures.

	Slope or Surface Configuration
	The maximum percent of incline from the horizontal at any point on the terrain surface, expressed as a positive number (lowest point to the highest point).

	Soil or Surface Materials
	The composition of the surface material at any point on the planetary surface, as determined by the extended Unified Soils Classification System (Corps of Engineers).

	Survey Information
	Contains sonar track swath data.

	Terminal Procedures
	A series of predetermined maneuvers in the vicinity of an airport to orderly transition aircraft from take-off to the enroute phase of flight or from the enroute to terminal phase of flight.

	Tile Reference
	Consists of a set of rectangular regions used to subdivide the region of interest.

	Utilities
	The infrastructure of an area used to deliver electric power, natural gas, oil, water, sewerage, telephone, telecommunications, etc. into the homes and businesses of the people in the area.

	Vegetation
	The natural and man-induced plant cover over the planetary surface.
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