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[bookmark: _Toc485024087]Introduction
This Interoperability Standard identifies and tailors the implementable provisions prescribed for the National System for Geospatial-Intelligence (NSG) for a GeoPackage based on the Open Geospatial Consortium (OGC®) GeoPackage Encoding Standard with Corrigendum, Reference Number OGC 12-128r12, version 1.1 dated 2015-08-04, in accordance with the provisions of Clause 2.5, Requirement 78-84 and Annex I for registered extensions of that Standard.
This Interoperability Standard is a Class 2 conformance profile as defined by ISO 19106, Geographic Information – Profiles date 2004-07-01 that includes a single standard with permitted NSG extensions and restrictions to the standard. An Interoperability Standard provides detailed direction on how to use the clauses, options, and parameters of the base standard(s).  This guidance is designed to be specific enough for any two independent and compliant software implementations to ‘plug and play’ with each other.

[bookmark: _Ref411335208][bookmark: _Ref411335213][bookmark: _Toc485024088]Scope
This interoperability standard defines NSG implementable provisions that profile the OGC GeoPackage standard to ensure that NSG GeoPackages, GeoPackage SQLite Extensions, and supporting utilities and services fulfil their intended purposes and are fit for use.    
This interoperability standard will be used by government, commercial, open source, and Non-Governmental Organizations (NGOs):
· Data Providers deliver NSG GeoPackage data files. They may employ software provided by both Infrastructure Providers and Application Software Providers.  
· Infrastructure Software Providers deliver software that implements the SQLite engine, GeoPackage SQLite Extensions, GeoPackage libraries and/or stand-alone GeoPackage utilities or web services to encode/decode, validate, and manage GeoPackage files.
· Application Software Providers deliver GeoPackage “Apps” that provide users with the capabilities they require in general or mission-specific environments.  They may employ software provided by Infrastructure Providers and bundle their Apps with GeoPackages from Data Providers.
· DoD/IC Procurement Organizations acquire conformant GeoPackages, infrastructure, and applications.
Architects, systems and software engineers, developers, and data modelers of the NSG and its component systems/applications in these roles will promote uniform geospatial data access, GeoPackage and GeoPackage SQLite Extension development and use.  The goal is to increase interoperability, modularity, and agility of applications within the NSG.  This interoperability standard is an adjunct to the base standard profiled – not a stand-alone document.
This document requires adherence to all GeoPackage OGC Specification normative clauses and normative annexes, and to the normative provisions herein that restrict the clauses summarized in Table 1. 



[bookmark: _Ref455132081][bookmark: _Toc461632027]Table 1: Profile / Standard Clause Crosswalk
	NSG GeoPackage Profile Clause
	GeoPackage Encoding Standard Clause

	6.1 File Names
	1.1.1.1.2 File Extension Name

	6.2 Extensions
	2.3.2 Extensions

	7.1 Coordinate Reference Systems
	1.1.2.1.2 Spatial Reference Systems / Data / Table Data Values

	7.3 Metadata
	Annex F.8

	7.3 Metadata
	Annex F.8

	7.3Metadata
	3 Security Considerations

	7.4 Data Validity Constraints
	1.1.2.1 Spatial Reference Systems / Data

	7.4 Data Validity Constraints
	1.1.3.1 Contents / Data

	7.4 Data Validity Constraints
	2.1.5.1 Geometry Columns / Data

	7.4 Data Validity Constraints
	2.1.6.1 Vector Feature User Data Tables / Data

	7.4 Data Validity Constraints
	2.2.7.1 Tile Matrix / Data

	7.4 Data Validity Constraints
	2.2.8.1 Tile Pyramid user Data Tables / Data

	7.4 Data Validity Constraints
	Annex F.8

	7.4 Data Validity Constraints
	Annex F.8

	7.4 Data Validity Constraints
	Annex E

	8.1 Tile Size
	2.2.7.1 Tile Matrix / Data

	8.1 Tile Size
	2.2.8.1 Tile Pyramid User Data Tables / Data

	8.2 Zoom Levels
	2.2.3 Tiles / Zoom Levels

	8.2 Zoom Levels
	2.2.7.1 Tile Matrix / Data

	8.2 Zoom Levels
	2.2.8.1 Tile Pyramid User Data Tables / Data

	8.2 Zoom Levels
	2.2.3 Tiles / Zoom Levels

	8.3 Bounding Boxes
	1.1.3.1 Contents / Data

	8.3 Bounding Boxes
	2.2.6 Tile Matrix Set

	9.1 GeoPackage Extensions
	 Annex F.2

	9.1 GeoPackage Extensions
	 Annex F.3

	9.1 GeoPackage Extensions
	 Annex F.4


When used in this document, the term “shall” indicates a firm, mandatory requirement; whereas, the terms “may”, “will”, and “should” identify non-mandatory requirements.  
Not all clauses of this Interoperability Standard apply to all NSG GeoPackages or GeoPackage SQLite Extensions because a particular GeoPackage may contain vector features, tile pyramids, or both.  
Any comments or questions regarding the interpretation of the provisions of the NSG GeoPackage Profile are to be addressed via the appropriate governance process for NSG interoperability standards.
[bookmark: _Toc485024089]References
Normative (prescriptive) references in the NSG GeoPackage Interoperability Standard are identified in Table 2.



[bookmark: _Ref455132110][bookmark: _Toc461632028]Table 2: Normative References in NSG GeoPackage Interoperability Standard
	Standard or Specification
	Description of Standard

	DoD/IC Coordinate Reference Systems Dictionary
	A collection of coordinate reference system dictionaries for use in the DoD/IC.

	EPSG Geodetic Parameter Registry Version: 8.6.1 in the DoD Data Services Environment (DSE) Metadata Registry (MDR)
	The EPSG Geodetic Parameter Dataset is a structured dataset of Coordinate Reference Systems and Coordinate Transformations, accessible through this online registry (www.epsg-registry.org) or, as a downloadable zip files, through OGP’s EPSG home page at www.epsg.org. The geographic coverage of the data is worldwide, but it is stressed that the dataset does not and cannot record all possible geodetic parameters in use around the world. The EPSG Geodetic Parameter Dataset is maintained by the Geodesy Subcommittee of OGP’s Geomatics Committee.

	Information technology – Database languages – SQL Multimedia and application packages – Part 3: Spatial
	The purpose of ISO/IEC 13249 is to define multimedia and application specific types and their associated routines using the user-defined features in ISO/IEC 9075.

	ISO 19125-:2004, Geographic Information, Simple feature access, Part 2: SQL option
	ISO 19125-2:2004 specifies an SQL schema that supports storage, retrieval, query and update of simple geospatial feature collections via the SQL Call Level Interface (SQL/CLI) and establishes an architecture for the implementation of feature tables.

	ISO 19125-1:2004, Geographic Information, Simple feature access, Part 1: Common Architecture
	ISO 19125-1:2004 establishes a common architecture for geographic information and defines terms to use within the architecture. It also standardizes names and geometric definitions for Types for Geometry.

	ISO/IEC 13249-3
	This part of ISO/IEC 13249:

	NGA.STND.0012_2.2 National System for Geospatial Intelligence Metadata Foundation (NMF) – Part 1: Conceptual Schema Profile, Version 2.2, 23 September 2014
	Logical Model that specifies the minimum and recommended core metadata elements required for documentation, discovery and exchange of geospatial datasets and intelligence data in the NSG, across the DoD, IC and potentially coalition partners.

	NGA.STND.0018_2.1 National System for Geospatial Intelligence Metadata Implementation Specification (NMIS) - Part 2: XML Exchange Schema, Version 2.2, 29 January 2015
	Specifies an Extensible Mark-up Language (XML) exchange schema encoding of the NMIS - Part 1: Logical Model

	NGA.STND.0037_2.0.0_GRIDS Universal Grids and Grid Reference Systems, Version 2.0.0, 28 February 2014
	This standard is intended for use when developing systems that generate map grids and grid data for portrayal on products, and to ensure their correctness on such products; and for the development of doctrine for land navigation and location referencing. This standard is referenced in NATO documents, and is necessary for interoperability with DoD international partners and allies.

	OGC 06-103r4 OpenGIS® Implementation Standard for Geographic information -Simple feature access - Part 1: Common architecture Version: 1.2.1 2011-05-28
	Revised OGC SF specification – common architecture

	OGC 06-104r4 OpenGIS® Implementation Standard for Geographic information - Simple feature access - Part 2: SQL option Version: 1.2.1 2010-08-04
	Revised OGC SF specification – SQL encoding

	OGC 99-049 OpenGIS® Simple Features Specification for SQL Revision 1.1 May 5, 1999
	Original OGC SF/SQL specification

	OGC® 10-100r3 Geography Markup Language (GML) simple features profile (with technical note)
	GML Simple Features Profile that specifies restricted subset of simple geometry types.

	OpenGIS Project Document 01-009 OpenGIS® Implementation Specification: Coordinate Transformation Services
	Provides the WKT representation of coordinate reference systems

	OpenGIS® 12-063r5 Standard:  Geographic information - Well-known text representation of coordinate reference systems, Reference number of this document: OGC 12-063r5, Date 2015-05-01
	This Standard provides an updated version of WKT representation of coordinate reference systems that follows the provisions of ISO 19111:2007 and ISO 19111-2:2009. It extends the earlier WKT to allow for the description of coordinate operations.

	OpenGIS® GeoPackage Encoding Standard, Version: 1.1, Reference number of this document: OGC 12-128r12,  Date: 2015-08-04
	This OGC® Encoding Standard defines GeoPackages for exchange and GeoPackage SQLite Extensions for direct use of vector geospatial features and / or tile matrix sets of earth images and raster maps at various scales.

	XML Data Encoding Specification for Information Security Markings (DES.ISM.XML) V9.0, 17 July 2012
	This XML Data Encoding Specification for Information Security Markings (ISM.XML) defines detailed implementation guidance for using Extensible Markup Language (XML) to encode Information Security Markings (ISM) data. This Data Encoding Specification (DES) defines the XML elements and attributes, associated structures and relationships, mandatory and cardinality requirements, and permissible values for representing security marking concepts using XML



The documents listed in Table 3 contain useful information to augment NSG understanding and application of the material in this interoperability standard in conjunction with the actual standard profiled.	

[bookmark: _Ref455132145][bookmark: _Toc461632029]Table 3: Informative References in NSG GeoPackage Interoperability Standard
	Reference ID
	Standards and Specifications Title

	ISO/TS 19101:2002 
	Geographic Information – Reference Model

	ISO 19106:2004(E)
	Geographic information  –  Profiles

	ISO 19111:2007
	Geographic information – Spatial referencing by coordinates

	ISO 19112:2003
	Geographic information  –  Spatial referencing by geographic identifiers

	ISO 19162:2015
	Geographic information – Well-known text representation of coordinate reference systems

	NGA.STND.0019_2.0  2012-04-05
	NGA Standardization Document
Time-Space-Position Information (TSPI)

	IETF RFC 2119, S. Bradner, Harvard University, March 1997
	Key Words for use in RFCs to Indicate Requirement Levels

	EPSG Guidance Note 373-07-1
	Surveying and Positioning 
Guidance Note Number 7, part 1, 
clause 5.9 EPSG codes and names

	OGC 13-082r2 
	OGC® Web Map Tile Service (WMTS) Simple Profile

	NGA.SIG.0014_1.0_PROJRAS V1.0, 24 April 2-15
	Specifies the map projections that should be used when implementing OGC GeoPackage Encoding Standard, OGC 12-128r10

	NGA.SIG.0014_1.0_PROJRAS Mercator-Addendum 
	Addendum to NGA.SIG.0014_1.0_PROJRAS (“SIG 14”).  Amplifies and supersedes the Mercator tiling specifications found in NGA.SIG.0014_1.0_PROJRAS.

	
	

	[bookmark: _Toc322708287][bookmark: _Toc324339277][bookmark: _Toc364242248][bookmark: _Toc485024090]NGA.SIG.0012_2.0.0_UTMUPS  March 25, 2014
	This document defines the UTM, UPS and MGRS systems of coordinates an their implementation


Context of the Profile
The Director of NGA, as Functional Manager for Geospatial Intelligence, has directed a transformation of the architecture that supports the NSG.  This transformation is intended to move from a systems-centric to a network-based, data-centric architecture. In support of this direction, this interoperability standard defines the NSG conditionality for each unique provision in the OGC GeoPackage 1.0.1 Encoding standard.
NSG conditionality is according to the underlying standard unless otherwise modified herein. The NSG conditionality can be used for compliance tests that are conducted to support consistent and effective development and use of geospatial web-based services in the NSG.  This interoperability standard is designed to provide NSG-wide guidance to developers and other stakeholders such as the NGA Architecture and Engineering Group, the NGA Service Implementation Group, and the GEOINT Standards Center of Excellence (GSCOE).
[bookmark: _Toc485024091]Compliance
OGC develops test suites for vendors to use as a part of the OGC’s Compliance Interoperability Test and Evaluation (CITE) certification program. The NSG compliance test for GeoPackage 1.0 will be based on the same software used for OGC’s CITE test engines. The NSG compliance test suite for GeoPackage 1.0 is currently under development.
In addition to the NSG compliance test, this NSG profile is intended to be used during interoperability events to assess the compliance of vendors’ implementations to the NSG interoperability standard. This interoperability standard will be used as a part of a planned Conformance Assessment and Interoperability Testing Program to certify that vendors’ products are compliant with the NSG interoperability standard. 
The Open Geospatial Consortium (OGC) provides certification for its members against OGC specifications. OGC normally does not perform the testing, relying instead on results provided by vendors.  In a similar fashion, a vendor will run the NSG compliance test against their application and provide test results to the Conformance Assessment and Interoperability Testing Program. Those results will in turn, generally be accepted by the Conformance Assessment and Interoperability Testing Program; the compliance test results for NSG GeoPackage 1.0 serve as objective proof of NSG interoperability standard compliance.



[bookmark: _Toc485024092]GeoPackages
[bookmark: _Ref400963502][bookmark: _Toc485024093]File Names
GeoPackage file names SHOULD include the following elements:
· GeoPackage Producer
· Data Product
· Geographic Coverage Area
· Zoom Levels
· Version
· GeoPackage Creation Date
Additional elements MAY be added to the file names for mission or agency specific use. Elements should be ordered from general to specific, with “_” used to delimit elements and “-“ used to delimit words within an element. The following general pattern SHOULD be used: 
{Producer}_{Data Product}_{Geo Coverage Area}_{Zoom Levels}_{Version}_{Date}
The example below provides further guidance on file names for NSG GeoPackages:
· GeoPackage Producer: Army Geospatial Center (AGC)
· Data Product(s): Buckeye
· Geographic Coverage Area: Fort Bliss, Texas, USA
· Zoom Levels: 14-20
· Version: 1.0
· GeoPackage Creation Date: 29 August 2016

“AGC_BUCK_Ft-Bliss_14-20_v1-0_29AUG2016.gpkg”

GeoPackage versions SHOULD be updated in a consistent manner. Minor version updates (“v1-1”) SHOULD be used to indicate that new features and/or tiles have been added to the existing raster tile pyramid or feature data set. Major version updates (“v2-0”) SHOULD be used to indicate that the tiles and/or features are substantially different than in the previous version. 
	NSG Req 1: GeoPackages that contains NSG data SHALL use the “gpkg” file extension.  They SHALL NOT use the “gpkx” file extension to indicate that they are Extended GeoPackages.  
[bookmark: _Ref400963512][bookmark: _Toc485024094]Extensions
Every GeoPackage must contain tiles and/or features per OGC GeoPackage Req 17.   Extended GeoPackages with SQL tables not defined in the OGC GeoPackage Encoding Standard SHALL register such tables in the gpkg_extensions table.  
	NSG Req 2: The gpkg_extensions SQL table SHALL be defined in accordance with the OGC GeoPackage Encoding Standard Section 3 and the requirements defined therein in any NSG GeoPackage that contains extensions.
[bookmark: _Toc485024095]Tiles and Features
[bookmark: _Ref394912163][bookmark: _Ref394912198][bookmark: _Ref394917288][bookmark: _Toc485024096]Coordinate Reference Systems
This clause specifies allowable Coordinate Reference Systems (CRS) and their Well Known Text (WKT) definitions that SHALL be included in the NSG GeoPackages. These CRS SHALL be used in the gpkg_spatial_ref_sys table and referenced by the gpkg_contents, gpkg_tile_matrix_set and gpkg_geometry_columns tables srs_id column values. In this document, CRS is the preferred and more accurate terminology. Spatial Reference Systems (SRS) is not used in this document except in pre-existing field names. The CRSs that are allowed for NSG GeoPackages are listed in Table 4,Table 5,and Table 6. 
Note:  Web Mercator[footnoteRef:1]  is a de facto standard used for web mapping applications.  It is used by virtually all major online map providers, including Google Maps, Bing Maps, OpenStreetMap, Mapquest, Esri, Mapbox, and others.  If using WMTS map data from a Volunteered Geographic Information (VGI) or commodity data source which is in the Web Mercator projection, it is highly recommended that your service warn users that this data is suitable for Visualization use cases only. [1:  Definition of Well-known scale Set for Web Mercator is found in OpenGIS® Web Map Tile Service Implementation Standard, OGC 07-057r7, Date 2010-04-06, Annex E, Table E.4-Definition of Well-known scale set GoogleMapsCompatible.] 

For a use case that requires Precise Locations and precise navigation (land, air, and sea) the World Mercator projection is mandated.
Table 4 lists the CRSs that are recommended for raster tile pyramid NSG GeoPackages viewed in 2-Dimensional (2D) Map software applications, and Table 5 lists the CRSs that are recommended for raster tile pyramid NSG GeoPackages viewed in 3-Dimensional (3D) Globe software applications. Table 6 lists the CRSs that SHALL be used for vector feature NSG GeoPackages, including both 2D and 3D vector features.
CRS parameter values SHALL be those stated in Table 7 through Table 19 below.  Parameter values for CRS defined by EPSG are those specified by the EPSG Geodetic Parameter Registry when this document was published. 
Applications that can read standard GeoPackages can read the specified CRS definitions in the gpkg_spatial_ref_sys table.  
	NSG Req 3: The CRSs listed in Table 4, Table 5, and Table 6 SHALL be the only CRSs used by raster tile pyramid and vector feature data tables in a GeoPackage.
Note:  The integer codes assigned to NGA CRSs in this document meet two conditions to avoid confusion with CRS codes used for data imported from external sources and converted to a CRS defined by NGA.  First, they are unique among all srs_id values referenced by the base GeoPackage specification and those defined in this document.  Second, they do not duplicate the codes for any CRSs registered in http://www.epsg-registry.org, although some of them do duplicate codes for coordinate operations and other items in that registry, where codes are only unique within a type.  It is recommended that these conditions continue to be met if these codes are changed by the appropriate NGA authority.
[bookmark: _Ref408828132]
[bookmark: _Ref455140035][bookmark: _Toc461632030]Table 4: Raster Tile Pyramid Coordinate Reference Systems recommended for use in 2D Map Applications
	CRS Name
	CRS
AUTH
ID
	CRS
Type
	CRS
Dim
	CRS
Def

	WGS 84 / World Mercator
	EPSG 3395
	PROJ
	2
	Table 9

	WGS 84 / UPS North (E,N)
	EPSG 5041
	PROJ
	2
	Table 10

	WGS 84 / UPS South (E,N)
	EPSG 5042
	PROJ
	2
	Table 11



NSG Req 4: World Mercator (EPSG::3395) and UPS North/South (EPSG::5041/5042) raster tile pyramid GeoPackages SHALL follow the technical guidance provided in Annex C: Implementation Guide for EPSG::3395 Tiles or Annex D: Implementation Guide for UPS Tiles. 

[bookmark: _Ref455140050][bookmark: _Toc461632031]Table 5: Raster Tile Pyramid Coordinate Reference Systems recommended for use in 3D Globe Applications
	CRS Name
	CRS
AUTH
ID
	CRS
Type
	CRS
Dim
	CRS
Def

	WGS 84 Geographic 2D 
	EPSG 4326
	GEOD
	2
	Table 8

	WGS 84 / World Mercator
	EPSG 3395
	PROJ
	2
	Table 9

	WGS 84 / UPS North (E,N)
	EPSG 5041
	PROJ
	2
	Table 10

	WGS 84 / UPS South (E,N)
	EPSG 5042
	PROJ
	2
	Table 11


	NSG Req 5: WGS 84 Geographic 2D (EPSG::4326) raster tile pyramid GeoPackages SHALL follow the technical guidance in Annex E: Implementation Guide for 4326 Tiles




[bookmark: _Ref455140055][bookmark: _Toc461632032]Table 6: Vector feature Coordinate Reference Systems 
	CRS Name
	CRS
AUTH
ID
	CRS
Type
	CRS
Dim
	CRS
Def

	WGS 84 Geographic 2D 
	EPSG 4326
	GEOD
	2
	Table 8

	WGS 84 Geographic 3D 
	EPSG 4979
	GEOD
	3
	Table 7

	WGS84 Geographic 2D Height (EGM08)
	NGA 8101
	COMP
	3
	Table 18

	WGS84 Geographic 2D Depth (EGM08)
	NGA 8102
	COMP
	3
	Table 18

	WGS84 Geographic 2D Height (EGM96)
	NGA 8103
	COMP
	3
	Table 18

	WGS84 Geographic 2D Depth (EGM96)
	NGA 8104
	COMP
	3
	Table 18

	WGS84 Geographic 2D Height (MSL)
	NGA 8105
	COMP
	3
	Table 18

	WGS84 Geographic 2D Depth (MSL)
	NGA 8106
	COMP
	3
	Table 18

	EGM2008 geoid height
	EPSG  3855
	VERT
	1
	Table 12

	EGM2008 geoid depth
	NGA 8056
	VERT
	1
	Table 13

	EGM96 geoid height
	EPSG 5773
	VERT
	1
	Table 14

	EGM96 geoid depth
	NGA 8074
	VERT
	1
	Table 15

	MSL height
	EPSG 5714
	VERT
	1
	Table 16

	MSL depth
	EPSG 5715
	VERT
	1
	Table 17


NSG Req 6: The WGS 84 Geographic 2D CRS SHALL be used for 2D vector features.  .

NSG Req 7: 3D vector features SHALL use the WGS 84 Geographic 3D CRS OR one of the composite 3D CRSs specified in Table 6.
Composite CRSs can be produced by following the template in Table 18 and parameter values in Table 19 to create CRS WKT definitions encoded per OpenGIS® 01-009.  	 
	NSG Req 8: The CRS definitions in Table 7 through Table 19 below SHALL be used to specify the CRS used for tiles and vector feature user data tables containing NSG data in a GeoPackage.  
The srs_name column values do not contain the name in the definition column value in cases where the name is ambiguous or conflicts with other CRS naming conventions, i.e. the Military Grid Reference System (MGRS), as footnoted below[footnoteRef:2].   [2:  There is no requirement in 12-128r11 that the srs_name match the name in the definition column, so this profile will attempt to resolve ambiguities and conflicts with MGRS conventions.] 

	NSG Req 9: Other CRS definitions SHALL NOT be specified for GeoPackage SQL tables containing NSG data. 
Note:  Annex A provides a crosswalk between the Coordinate Reference Systems (CRS) defined in this clause and the corresponding identifiers in the DoD/IC Coordinate Reference Systems Dictionary in the DoD Data Services Environment (DSE) Metadata Registry (MDR), where such exist.  It proposes DSE MDR identifiers for the CRSs defined in this clause that are not registered in the DSE MDR.
[bookmark: _Toc485024097]Well Known Text 
OGC 12-063 / ISO 19162 specifies a WKT encoding for a 3D geodetic CRS, and a way to correctly specify the axis directions for polar stereographic projections, which are required for this profile.    
[bookmark: _Ref393350247][bookmark: _Toc461632033]Table 7: WGS 84 Geographic 3D CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	WGS 84 Geographic 3D [footnoteRef:3] [3:  “WGS 84” is the srs_name specified by EPSG, which is ambiguous because it is also used for 4326.  The NSG DSE MDR name for it is “World Geodetic System 1984 - Geographic 2D + HAE”, but according to Roger Lott of OGP that nomenclature does not use the correct progression. He says that WGS 84 is fundamentally a geocentric Cartesian (X,Y,Z) system (EPSG::4978). From that, geographic 3D coordinates (including HAE) may be derived (EPSG::4979).  If you drop the HAE you end up with geographic 2D (EPSG::4326).] 


	srs_id
	4979

	Organization
	EPSG

	organization_coordsys_id
	4979

	definition[footnoteRef:4] [4:  EPSG defines this as a geographic 3D CRS.  This definition t is encoded per OGC 12-063 / ISO 19162. The WKT definition used here is one for a geocentric CRS with the same datum, ellipsoid, and axes. Note: the unspecified unit of measure for ellipsoidal height is meters.   ] 

	GEODCRS["WGS 84",
   DATUM["World Geodetic System 1984",
      ELLIPSOID["WGS 84",6378137,298.257223563,
        LENGTHUNIT["metre",1.0]]],
    CS[ellipsoidal,3],
    AXIS["Geodetic latitude (Lat)",north,
      ANGLEUNIT["degree",0.0174532925199433]],
    AXIS["Geodetic longitude (Long)",east,
      ANGLEUNIT["degree",0.0174532925199433]],
    AXIS["Ellipsoidal height (h)",up,
      LENGTHUNIT["metre",1.0]],
    ID["EPSG",4979]]

	Description
	Used by the GPS satellite navigation system and for NATO military geodetic surveying.


OGC ISO 19125-1:2004 and OGC 01-009 specify a WKT encoding for the WGS 84 Geographic 2D CRS which ensures interoperability with existing GeoPackage implementations.

[bookmark: _Ref408829572][bookmark: _Toc461632034]Table 8: WGS 84 Geographic 2D CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	WGS 84 Geographic 2D[footnoteRef:5] [5:  “WGS 84” is the srs_name specified by EPSG, which is ambiguous because it is also used for 4979.  This CRS is also known as Plate Carree, Cylindrical Equirectangular, Simple Cylindrical, WGS 84 Geodetic, or WGS 84 Lat/Lon.  The NSG DSE MGR name for it is “World Geodetic System 1984 - Geographic 2D”.  ] 


	srs_id
	4326

	organization
	EPSG

	organization_coordsys_id
	4326

	definition
	GEOGCS["WGS 84",
DATUM["WGS_1984",
SPHEROID["WGS84",6378137,298.257223563,]],
PRIMEM["Greenwich",0],
UNIT["degree",0.0174532925199433]]

	description
	Horizontal component of 3D system. Used by the GPS satellite navigation system and for NATO military geodetic surveying.


	
[bookmark: _Ref408829679][bookmark: _Toc461632035]Table 9: WGS 84 / World Mercator Projected CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	WGS 84 / World Mercator

	srs_id
	3395

	organization
	EPSG

	organization_coordsys_id
	3395

	definition
	PROJCRS["WGS 84 / World Mercator",
    BASEGEODCRS["WGS 84",
        DATUM["World Geodetic System 1984",
             ELLIPSOID["WGS 84",6378137,298.257223563,]]],
    CONVERSION["Mercator",
        METHOD["Mercator (variant A)",ID["EPSG","9804"]],
        PARAMETER["Latitude of natural origin",0,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Longitude of natural origin",0,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Scale factor at natural origin",1,
            SCALEUNIT["unity",1.0]],
        PARAMETER["False easting",0,LENGTHUNIT["metre",1.0]],
        PARAMETER["False northing",0,LENGTHUNIT["metre",1.0]],
        ID["EPSG","19833"]],
    CS[Cartesian,2],
        AXIS["Easting (E)",east,ORDER[1]],
        AXIS["Northing (N)",north,ORDER[2]],
        LENGTHUNIT["metre",1.0]
    ID["EPSG","3395"]]

	description
	Euro-centric view of world excluding polar areas for very small scale mapping



[bookmark: _Ref455140485][bookmark: _Toc461632036]Table 10: WGS 84 / UPS North (E,N) Projected CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	WGS 84 / UPS North (E,N)

	srs_id
	5041

	organization
	EPSG

	organization_coordsys_id
	5041

	definition
	PROJCRS["WGS 84 / UPS North (E,N)",
    BASEGEODCRS["WGS 84",
        DATUM["World Geodetic System 1984",
            ELLIPSOID["WGS 84",6378137,298.257223563,   
                  LENGTHUNIT["metre",1.0]]],
    CONVERSION["Universal Polar Stereographic North",
        METHOD["Polar Stereographic (variant A)",ID["EPSG","9810"]],
        PARAMETER["Latitude of natural origin",90,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Longitude of natural origin",0,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Scale factor at natural origin",0.994,
            SCALEUNIT["unity",1.0]],
        PARAMETER["False easting",2000000,
            LENGTHUNIT["metre",1.0]],
        PARAMETER["False northing",2000000,
            LENGTHUNIT["metre",1.0]],
        ID["EPSG","16061"]],
    CS[Cartesian,2],
        AXIS["Easting (E)",south,
           MERIDIAN[90,ANGLEUNIT["degree",0.0174532925199433]],
           ORDER[1]],
        AXIS["Northing (N)",south,
            MERIDIAN[180,ANGLEUNIT["degree",0.0174532925199433]],
            ORDER[2]],
        LENGTHUNIT["metre",1.0]
    ID["EPSG","5041"]]

	description
	Military mapping by NATO north of 60° N


[bookmark: _Ref408830316][bookmark: _Toc461632037]Table 11: WGS 84 / UPS South (E,N) Projected CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	WGS 84 / UPS South (E,N)

	srs_id
	5042

	organization
	EPSG

	organization_coordsys_id
	5042

	definition
	PROJCRS["WGS 84 / UPS South (E,N)",
    BASEGEODCRS["WGS 84",
        DATUM["World Geodetic System 1984",
            ELLIPSOID["WGS 84",6378137,298.257223563,   
                  LENGTHUNIT["metre",1.0]]],
    CONVERSION["Universal Polar Stereographic North",
        METHOD["Polar Stereographic (variant A)",ID["EPSG","9810"]],
        PARAMETER["Latitude of natural origin",-90,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Longitude of natural origin",0,
            ANGLEUNIT["degree",0.0174532925199433]],
        PARAMETER["Scale factor at natural origin",0.994,
            SCALEUNIT["unity",1.0]],
        PARAMETER["False easting",2000000,
            LENGTHUNIT["metre",1.0]],
        PARAMETER["False northing",2000000,
            LENGTHUNIT["metre",1.0]],
        ID["EPSG","16161"]],
    CS[Cartesian,2],
        AXIS["Easting (E)",north,
           MERIDIAN[90,ANGLEUNIT["degree",0.0174532925199433]],
           ORDER[1]],
        AXIS["Northing (N)",north,
            MERIDIAN[0,ANGLEUNIT["degree",0.0174532925199433]],
            ORDER[2]],
        LENGTHUNIT["metre",1.0]
    ID["EPSG","5042"]]	

	description
	Military mapping by NATO south of 60° S



Vertical CRS Definitions are provided to support the definition of compound (quasi 3D) CRS definitions below.  They SHOULD NOT be used by themselves as gpkg_spatial_ref_sys  table definition column values until elevation representation is addressed in a future version of the GeoPackage Encoding Standard.

[bookmark: _Ref408831979][bookmark: _Toc461632038]Table 12: EGM2008 geoid height vertical CRS Definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	EGM2008 geoid height

	srs_id
	3855

	organization
	EPSG

	organization_coordsys_id
	3855

	definition
	VERTCRS["EGM2008 geoid height",
  VDATUM["EGM2008 geoid",ANCHOR["WGS 84 ellipsoid"]],
  CS[vertical,1],
    AXIS["Gravity-related height (H)",up],LENGTHUNIT["metre",1.0]
  ID["EPSG","3855"]]

	description
	Good approximation of Orthometric height above the EGM2008 model of the geoid. Replaces EGM96 geoid (CRS code 5773). 


[bookmark: _Ref408832051]
[bookmark: _Ref455141594][bookmark: _Toc461632039]Table 13: EGM2008 geoid depth vertical CRS definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	EGM2008 geoid depth

	srs_id
	8056

	organization
	NGA

	organization_coordsys_id
	8056

	definition
	VERTCRS["EGM2008 geoid depth",
  VDATUM["EGM2008 geoid",ANCHOR["WGS 84 ellipsoid"]],
  CS[vertical,1],
    AXIS["Gravity-related depth (D)",down],
        LENGTHUNIT["metre",1.0]
  ID["NSG","8056"]]

	description
	Good approximation of Orthometric distance below the EGM2008 model of the geoid. 



[bookmark: _Ref408832130][bookmark: _Toc461632040]Table 14: EGM96 geoid height vertical CRS definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	EGM96 geoid height

	srs_id
	5773

	organization
	EPSG

	organization_coordsys_id
	5773

	definition
	VERTCRS["EGM96 geoid height",
  VDATUM["EGM96 geoid",ANCHOR["WGS 84 ellipsoid"]],
  CS[vertical,1],
    AXIS["Gravity-related height (H)",up],LENGTHUNIT["metre",1.0]
  ID["EPSG","5773"]]

	description
	Height surface resulting from the application of the EGM96 geoid model to the WGS 84 ellipsoid. Replaces EGM84 geoid height (CRS code 5798). Replaced by EGM2008 geoid height (CRS code 3855). 



[bookmark: _Ref408832201][bookmark: _Toc461632041]Table 15: EGM96 geoid depth vertical CRS definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	EGM96 geoid depth

	srs_id
	8047

	organization
	NGA

	organization_coordsys_id
	8047

	definition
	VERTCRS["EGM96 geoid depth",
  VDATUM["EGM96 geoid",ANCHOR["WGS 84 ellipsoid"]],
  CS[vertical,1],
    AXIS["Gravity-related depth (D)",down],
        LENGTHUNIT["metre",1.0]
  ID["NSG","8047"]]

	description
	The distance below the geopotential surface defined by the Earth Gravity Model 1996 (EGM96) that is closely associated with the mean ocean surface.



[bookmark: _Ref408832321][bookmark: _Toc461632042]Table 16: MSL height vertical CRS definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	MSL height

	srs_id
	5714

	organization
	EPSG

	organization_coordsys_id
	5714

	definition
	VERTCRS["MSL height",
  VDATUM["Mean Sea Level",ANCHOR["The average height of the surface of the sea at a tide station for all stages of the tide over a 19-year period, usually determined from hourly height readings measured from a fixed predetermined reference level."]],
  CS[vertical,1],
    AXIS["Gravity-related height (H)",up],LENGTHUNIT["metre",1.0]
  ID["EPSG","5714"]]

	description
	Height related to the average height of the surface of the sea at a tide station for all stages of the tide over a 19-year period, usually determined from hourly height readings measured from a fixed predetermined reference level, usually by survey techniques.




[bookmark: _Ref408832391][bookmark: _Toc461632043]Table 17: MSL depth vertical CRS definition
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	MSL depth

	srs_id
	5715

	organization
	EPSG

	organization_coordsys_id
	5715

	definition
	VERTCRS["MSL depth",
  VDATUM["Mean Sea Level",ANCHOR["The average height of the surface of the sea at a tide station for all stages of the tide over a 19-year period, usually determined from hourly height readings measured from a fixed predetermined reference level."]],
  CS[vertical,1],
    AXIS["Depth (D)",down],LENGTHUNIT["metre",1.0]
  ID["EPSG","5715"]]

	description
	Depth related to the average height of the surface of the sea at a tide station for all stages of the tide over a 19-year period, usually determined from hourly height readings measured from a fixed predetermined reference level, usually by survey techniques.



	NSG Req 10: Compound CRS definitions SHALL ONLY be used for vector features with Z geometry values.  

[bookmark: _Ref408832659][bookmark: _Toc461632044]Table 18: Compound CRS Definition Template
	gpkg_spatial_ref_sys
Column Name
	gpkg_spatial_ref_sys
Column Data Value

	srs_name
	<Compound CRS Name>

	srs_id
	<Comp CRS Code>

	organization
	NGA

	organization_coordsys_id
	<Comp CRS Code>

	definition
	COMPOUNDCRS[
    “<Compound CRS Name>”,
    <Head CRS>,
    <Tail CRS>,
   ID[“NSG”,”<Comp CRS Code>”]]

	description
	Geodetic position based on the World Geodetic System 1984 (WGS 84), extended by height position based on the Earth Gravity Model 2008 (EGM08).


	
	NSG Req 11: Template <parameters> <Comp CRS Code> and <Compound CRS Name> in Table 18 above SHALL be replaced with parameter values from Table 19 below.  Template <parameters> <Head CRS> and <Tail CRS> in Table 18 above SHALL be replaced with definitions from the definition column values in the tables referenced from Table 19. These replacements SHALL be used to define compound CRS definitions.   
For example, the compound CRS definition for WGS84 Geographic 2D Height (EGM08) created by such parameter replacement is shown in the following text box.


COMPOUNDCRS[
    “WGS84 Height (EGM08)”,
    GEODCRS["WGS 84",
       DATUM["World Geodetic System 1984",
         ELLIPSOID["WGS 84",6378137,298.257223563,
           LENGTHUNIT["metre",1.0]]],
       CS[ellipsoidal,2],
           AXIS["Geodetic latitude (Lat)",north],
           AXIS["Geodetic longitude (Long)",east],
           ANGLEUNIT["degree",0.0174532925199433] 
       ID["EPSG",4326]],
    VERTCRS["EGM2008 geoid height",
        VDATUM["EGM2008 geoid",ANCHOR["WGS 84 ellipsoid"]],
        CS[vertical,1],
          AXIS["Gravity-related height (H)",up],
            LENGTHUNIT["metre",1.0]
       ID["EPSG","3855"]],
   ID[“NSG”,”8101 ”]]

[bookmark: _Ref409172408][bookmark: _Toc461632045]Table 19: Compound CRS Template Parameter Values
	<Comp CRS Code>
	<Compound CRS Name>
	<Head CRS> 
Code
	<Head CRS> 
Table
	<Tail CRS> Code
	<Tail CRS> Table

	8101
	WGS84 Geographic 2D Height (EGM08)
	4326
	Table 8
	3855
	Table 12

	8102
	WGS84 Geographic 2D Depth (EGM08)
	4326
	Table 8
	8056
	Table 13

	8103
	WGS84 Geographic 2D Height (EGM96)
	4326
	Table 8
	5773
	Table 14

	8104
	WGS84 Geographic 2D Depth (EGM96)
	4326
	Table 8
	8047
	Table 15

	8105
	WGS84 Geographic 2D Height (MSL)
	4326
	Table 8
	5714
	Table 16

	8106
	WGS84 Geographic 2D Depth (MSL)
	4326
	Table 8
	5715
	Table 17


	
[bookmark: _Ref400963535][bookmark: _Ref400963542][bookmark: _Ref400963550]	
[bookmark: _Toc485024098]Metadata
This clause requires storage of NMIS v2.2 metadata as XML in GeoPackages that contain NSG data, and specifies use of particular metadata values in certain conditions per the “National System for Geospatial Intelligence Metadata Foundation (NMF) – Part 1: Conceptual Schema Profile, Version 2.2, 23 September 2014”. 
The structure and allowed content values of NSG metadata for a GeoPackage are specified by the “National System for Geospatial Intelligence Metadata Implementation Specification (NMIS) - Part 2: XML Exchange Schema, Version 2.2.0, 29 January 2015”.  
	NSG Req 12: A GeoPackage SHALL contain one complete NMIS metadata XML instance document that describes the entire GeoPackage in a gpkg_metadata table row with the contents shown in 
[bookmark: _Ref396904608][bookmark: _Toc461632046]Table 20 below.  
Table 20: gpkg_metadata Table Contents - Entire GeoPackage
	Column Name
	Column Description
	Column Value

	id
	Metadata primary key
	1

	md_scope
	Case sensitive name of the data scope to which this metadata applies
	‘series’ or ‘dataset’

	md_standard_uri
	URI reference to the metadata structure definition authority
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc

	mime_type
	MIME encoding of metadata
	text/xml 

	metadata
	metadata
	NMIS v2.2 metadata instance document


	
	NSG Req 13: The gpkg_metadata table row with the values shown in 
Table 20 above SHALL be associated with the complete GeoPackage by a gpkg_metadata_reference table row with the contents shown in Table 21 below.
[bookmark: _Ref396906174][bookmark: _Toc461632047]Table 21: gpkg_metadata_reference Table Contents - Entire GeoPackage
	Column Name
	Column Description
	Column Value

	reference_scope
	Lowercase metadata reference scope
	‘geopackage’

	table_name
	NULL for reference_scope of ‘geopackage’.
	NULL

	column_name
	Name of the column to which this metadata reference applies; NULL for reference_scope of ‘geopackage’
	NULL

	row_id_value
	NULL for reference_scope of ‘geopackage’
	NULL

	timestamp
	timestamp value in ISO 8601format as defined by the strftime function ‘%Y-%m-%dT%H:%M:%fZ’ format string applied to the current time
	strftime(‘%Y-%m-%dT%H:%M:%fZ’,’now’)

	md_file_id
	gpkg_metadata table id column value for the metadata to which this gpkg_metadata_reference applies
	1

	md_parent_id
	NULL if md_file_id forms the root of a metadata hierarchy
	NULL




	NSG Req 14: The NMIS v2.2 metadata instance document specified in Table 21 above SHALL contain the XML element and attribute values shown in Table 22.

[bookmark: _Ref396906896][bookmark: _Toc461632048]Table 22: NMIS v2.2 Metadata Values - Entire GeoPackage
	/nas:MD_Metadata/ XPath
	Value(s)

	@ism:DESVersion
	‘9’  

	@ism:resourceElement
	‘true’ 

	@ism:createDate
	‘2017-05-11’ 

	@ism:classification
	‘U’, ‘R’,’C’, ‘S’, or ‘TS’
Abbreviated classification for entire GeoPackage. Values derived from DES.ISM.XML

	@ism:ownerProducer
	‘USA’ 

	@ntk:DESVersion
	‘7’  

	/gmd:hierarchyLevel/gmd:MD_ScopeCode
@codeList
	‘http://api.nsgreg.nga.mil/codelist/ScopeCode’

	/gmd:hierarchyLevel/gmd:MD_ScopeCode 
@codeListValue
	‘series’  or ‘dataset’

	/gmd:hierarchyLevelName
/nas:ScopeAmplificationCode
 @codeList
	‘http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode’ 

	/gmd:hierarchyLevelName
/nas:ScopeAmplificationCode 
@codeListValue
	‘collection’ (for ‘series’) or ‘notApplicable’ (for ‘dataset’)

	/gmd:contact/gmd:CI_ResponsibleParty/
gmd:organisationName/
gco:CharacterString
	Free text description of publishing organization for entire GeoPackage. 

	/gmd:contact/gmd:CI_ResponsibleParty/
gmd:role/gmd:CI_RoleCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/RoleCode’ 

	/gmd:contact/gmd:CI_ResponsibleParty/
gmd:role/gmd:CI_RoleCode 
@codeListValue
	‘publisher’ 

	/gmd:dateStamp/gco:Date
	Metadata creation date in YYYY-MM-DD format

	/gmd:metadataStandardName/
nas:MetadataStandardNameCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/MetadataStandardNameCode’ 

	/gmd:metadataStandardName/
nas:MetadataStandardNameCode @codeListValue
	‘nsgMetadataFoundation’ 

	/gmd:metadataStandardVersion/
nas:MetadataStandardVersion
	‘2.2.0’

	/gmd:referenceSystemInfo/
gmd:MD_ReferenceSystem/
gmd:referenceSystemIdentifier/
	repeat for each row in gpkg_spatial_ref_sys for each unique srs_id reference in the gpkg_contents table

	/gmd:referenceSystemInfo/
gmd:MD_ReferenceSystem/
gmd:referenceSystemIdentifier/
gmd:RS_Identifier/
gmd:code/gco:CharacterString
	Nonnull gpkg_spatial_ref_sys.srs_name value 

	/gmd:referenceSystemInfo/
gmd:MD_ReferenceSystem/
gmd:referenceSystemIdentifier/
gmd:RS_Identifier/
gmd:codeSpace/gco:CharacterString
	Nonnull
gpkg_spatial_ref_sys.organization value

	gmd:identificationInfo/
nas:MD_DataIdentification
	repeated for each row in gpkg_contents

	gmd:identificationInfo/
nas:MD_DataIdentification/gmd:extent
@gmd:NilReasonType
	‘inapplicable’
repeated for each row in gpkg_contents with null geographic values.

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:citation/gmd:CI_Citation/
gmd:title/gco:CharacterString
	gpkg_contents.table_name

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:citation/gmd:CI_Citation/
gmd:date/gmd:CI_Date/
gmd:dateTime/gco:DateTime
	Date of gpkg creation in 
‘YYYY-MM-DDThh:mm:ss’ format

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:citation/
gmd:CI_Citation/gmd:date/
gmd:CI_Date/gmd:dateType/
gmd:CI_DateTypeCode @codeList
	‘http://api.nsgreg.nga.mil/codelist/DateTypeCode’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:citation/
gmd:CI_Citation/gmd:date/
gmd:CI_Date/gmd:dateType/
gmd:CI_DateTypeCode @codeListValue
	‘creation’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:abstract/
gco:CharacterString
	Free text description of tile/feature set being described in current gmd:identificationInfo node.

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:pointOfContact/
gmd:CI_ResponsibleParty/
gmd:organisationName/
gco:CharacterString
	Publishing organization of tile/feature set being described in current gmd:identificationInfo node.

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:pointOfContact/
gmd:CI_ResponsibleParty/gmd:role/
gmd:CI_RoleCode @codeList
	‘http://api.nsgreg.nga.mil/codelist/RoleCode’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:pointOfContact/
gmd:CI_ResponsibleParty/gmd:role/
gmd:CI_RoleCode @codeListValue
	‘publisher’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:descriptiveKeywords/
gmd:MD_Keywords/gmd:keyword/
gco:CharacterString
	“GP10”

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:resourceConstraints/
nas:MD_SecurityConstraints/
gmd:classification/
gmd:MD_ClassificationCode @codeList
	‘http://api.nsgreg.nga.mil/codelist/ClassificationCode’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:resourceConstraints/
nas:MD_SecurityConstraints/
gmd:classification/
gmd:MD_ClassificationCode 
@codeListValue
	Classification of tile/feature set being described in current gmd:identificationInfo node.

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:resourceConstraints/
nas:MD_SecurityConstraints/
gmd:classificationSystem/
nas:ClassificationSystem
	‘US CAPCO’

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:resourceConstraints/
nas:MD_SecurityConstraints/
nas:capcoMarking @ism:classification
	‘U’, ‘R’,’C’, ‘S’, or ‘TS’
Abbreviated classification of tile/feature set being described in current gmd:identificationInfo node. Values derived from DES.ISM.XML

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:resourceConstraints/
nas:MD_SecurityConstraints/
nas:capcoMarking @ism:ownerProducer
	‘USA’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:language/gmd:LanguageCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/ISO639-2’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
md:language/
gmd:LanguageCode @codeListValue
	‘eng’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:characterSet/
gmd:MD_CharacterSetCode @codeList
	‘http://api.nsgreg.nga.mil/codelist/CharacterSetCode’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:characterSet/
gmd:MD_CharacterSetCode 
@codeListValue
	‘utf8’ 

	gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:extent@gml:NilReasonType
	‘inapplicable’
repeated for each row in gpkg_contents with null geographic values.

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:extent/
gmd:EX_Extent/
gmd:geographicElement/
gmd:EX_GeographicBoundingBox/
gmd:westBoundLongitude/
gco:Decimal
	Nonnull gpkg_contents.min_x 
value as or converted to  EPSG::4326 longitude

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:extent/gmd:EX_Extent/
gmd:geographicElement/
gmd:EX_GeographicBoundingBox/
gmd:eastBoundLongitude/
gco:Decimal
	Nonnull gpkg_contents.max_x 
value as or converted to  EPSG::4326 longitude

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:extent/gmd:EX_Extent/
gmd:geographicElement/
gmd:EX_GeographicBoundingBox/
gmd:southBoundLatitude/
gco:Decimal
	Nonnull gpkg_contents.min_y 
value as or converted to  EPSG::4326 latitude

	/gmd:identificationInfo/
nas:MD_DataIdentification/
gmd:extent/gmd:EX_Extent/
gmd:geographicElement/
gmd:EX_GeographicBoundingBox/
gmd:northBoundLatitude/
gco:Decimal
	Nonnull gpkg_contents.max_y 
value as or converted to  EPSG::4326 latitude

	/gmd:identificationInfo/
nas:MD_DataIdentification/
nas:languageCountry/
nas:LanguageCountryCode 
@codeList
	‘http://api.nsgreg.nga.mil/geo-political/GENC/3/2-1’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
nas:languageCountry/
nas:LanguageCountryCode 
@codeListValue
	‘USA’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
nas:resourceCategory/
nas:ResourceCategoryCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/ResourceCategoryCode’ 

	/gmd:identificationInfo/
nas:MD_DataIdentification/
nas:resourceCategory/
nas:ResourceCategoryCode 
@codeListValue
	‘other’ 

	/gmd:dataQualityInfo/
gmd:DQ_DataQuality/
gmd:scope/gmd:DQ_Scope/
gmd:level/gmd:MD_ScopeCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/ScopeCode’ 

	/gmd:dataQualityInfo/
gmd:DQ_DataQuality/
gmd:scope/gmd:DQ_Scope/
gmd:level/gmd:MD_ScopeCode @codeListValue
	‘series’  or ‘dataset’

	/gmd:dataQualityInfo/
gmd:DQ_DataQuality/
gmd:scope/gmd:DQ_Scope/
gmd:levelDescription/
gmd:MD_ScopeDescription/gmd:other/
nas:ScopeAmplificationCode @codeList
	‘http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode’ 

	/gmd:dataQualityInfo/
gmd:DQ_DataQuality/
gmd:scope/
gmd:DQ_Scope/
gmd:levelDescription/
gmd:MD_ScopeDescription/gmd:other/
nas:ScopeAmplificationCode @codeListValue
	‘collection’ (for ‘series’) or ‘notApplicable’ (for ‘dataset’)

	/gmd:dataQualityInfo/
gmd:DQ_DataQuality/
gmd:lineage/gmd:LI_Lineage/
gmd:statment/gco:CharacterString
	Free text description of lineage for entire GeoPackage

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
gmd:classification/gmd:MD_ClassificationCode
	

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
gmd:classification/
gmd:MD_ClassificationCode 
@codeList
	‘http://api.nsgreg.nga.mil/codelist/ClassificationCode’ 

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
gmd:classification/
gmd:MD_ClassificationCode @codeListValue
	Classification of entire GeoPackage

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
gmd:classificationSystem/
nas:ClassificationSystem
	‘US CAPCO’

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
nas:capcoMarking @ism:classification
	‘U’, ‘R’,’C’, ‘S’, or ‘TS’
Abbreviated classification for entire GeoPackage. Values derived from DES.ISM.XML

	/gmd:metadataConstraints/
nas:MD_SecurityConstraints/
nas:capcoMarking @ism:ownerProducer
	‘USA’ 



A GeoPackage MAY contain additional NMIS metadata XML instance documents or fragments that describe particular tables or table row, column, or row/column values in a GeoPackage with the contents shown in Table 23.

[bookmark: _Ref396910961][bookmark: _Toc461632049]Table 23: gpkg_metadata Table Contents - Partial GeoPackage
	Column Name
	Column Description
	Column Value

	id
	Metadata primary key
	2..n

	md_scope
	Case sensitive name of the data scope to which this metadata applies
	See Table 25

	md_standard_uri
	URI reference to the metadata structure definition authority
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc

	mime_type
	MIME encoding of metadata
	text/xml 

	metadata
	metadata
	NMIS v2.2 metadata instance document or fragment


	NSG Req 15: Any gpkg_metadata table row with the values shown in Table 23 SHALL be associated with a GeoPackage user data table, and MAY be associated with a particular row and/or column in that table by a gpkg_metadata_reference table row with the contents shown in Table 24 below.  Metadata in gpkg_metadata table row that applies to multiple GeoPackage table, row and/or column content items SHALL be associated with those items by more than one gpkg_metadata_reference table row with the contents shown in Table 24.

[bookmark: _Ref396911551][bookmark: _Toc461632050]Table 24: gpkg_metadata_reference Table Contents - Partial GeoPackage
	Column Name
	Column Description
	Column Value

	reference_scope
	Lowercase metadata reference scope; one of ‘table’,’column’, ‘row’, ‘row/col’
	See Table 25 below

	table_name
	Name of the table to which this metadata reference applies
	As described, NOT NULL

	column_name
	Name of the column to which this metadata reference applies; NULL for reference_scope of ‘table’ or ‘row’, or the name of a column in the table_name table for reference_scope of ‘column’ or ‘row/col’
	As described

	row_id_value
	NULL for reference_scope of ‘table’ or ‘column’, or the rowed of a row record in the table_name table for reference_scope of ‘row’ or ‘row/col’
	As described

	timestamp
	timestamp value in ISO 8601format as defined by the strftime function ‘%Y-%m-%dT%H:%M:%fZ’ format string applied to the current time
	strftime(‘%Y-%m-%dT%H:%M:%fZ’,’now’)

	md_file_id
	gpkg_metadata table id column value for the metadata to which this gpkg_metadata_reference applies
	2..n

	md_parent_id
	gpkg_metadata table id column value for the hierarchical parent gpkg_metadata for the gpkg_metadata to which this gpkg_metadata_reference applies, or NULL if md_file_id forms the root of a metadata hierarchy
	1..n-1



	NSG Req 16: The NMIS v2.2 metadata instance document or fragment specified in Table 23 above SHALL contain the gmd:MD_ScopeCode and nas:ScopeAmplificationCode values specified in Table 25, and SHALL contain context-specific values for other items listed in Table 24.

[bookmark: _Ref396912147][bookmark: _Toc461632051]Table 25: GeoPackage and NMIS metadata scopes
	gpkg_metadata
.md_scope
	gpkg_metadata_reference
.reference_scope
	gmd:MD_ScopeCode
	nas:ScopeAmplificationCode

	series[footnoteRef:6] [6:  For a table containing a collection of features or tiles] 

	table
	series
	‘collection’

	dataset[footnoteRef:7] [7:  For a table containing a collection of features or tiles] 

	table
	dataset
	‘notApplicable’

	featureType
	table
	featureType
	‘theme’ or ‘notApplicable’

	feature
	row
	feature
	‘cell’

	attributeType
	column
	attributeType
	‘theme’ or ‘notApplicable’

	attribute
	row/col
	attribute
	‘cell’

	tile
	row/col
	attribute
	‘cell’



	NSG Req 17: Data products contained in a GeoPackage SHALL be identified using component elements of:
· /nas:MD_Metadata/gmd:identificationInfo/nas:MD_DataIdentification/gmd:citation
· /nas:MD_Metadata/gmd:identificationInfo/nas:MD_DataIdentification/gmd:abstract
· /nas:MD_Metadata/gmd:dataQualityInfo/gmd:DQ_DataQuality/gmd:lineage
	NSG Req 18: If an entire GeoPackage constitutes a data product, then the component elements above that describe it SHALL be in the NMIS metadata that applies to the entire GeoPackage as shown in 
Table 20.  If particular tables in a GeoPackage constitute separate data products, then the component elements that describe those data products SHALL be in the NMIS metadata as shown in Table 23 that applies to those tables.
An informative metadata reference example is provided in Annex B.
[bookmark: _Ref400963565][bookmark: _Ref400963578][bookmark: _Ref400963585][bookmark: _Ref400963594][bookmark: _Ref400963600][bookmark: _Ref400963611][bookmark: _Ref400963618][bookmark: _Ref400963628][bookmark: _Ref400963638][bookmark: _Ref400963646][bookmark: _Toc485024099]Data Validity Constraints
This clause specifies constraints on allowable data values in GeoPackage SQL tables to enable assessment and enforcement of data validity.   Its individual requirements are conditional based on whether a GeoPackage contains features or tiles.  It applies to tables specified in the table name column of Table 26 below.  
	GeoPackage Infrastructure and Applications MAY
· Maintain data validity after every SQL command that changes GeoPackage data when this is a critical requirement (e.g for data extent or metadata).  Doing so (e.g. with SQL triggers) can cause significant performance degradation.
· Maintain data validity after a sequence of SQL commands, or after some application-specific unit of work, or upon application startup and/or termination, when this is not a critical requirement.  Doing so (e.g. with a background process or a “batch” job upon application termination) can provide significant performance enhancement.

	NSG Req 19: Data validity SHALL be assessed against data value constraints specified in Table 26 below using a test suite.  Data validity MAY be enforced by SQL triggers.


[bookmark: _Ref394929299][bookmark: _Ref413141526][bookmark: _Toc461632052]Table 26: Data Validity Constraints
	ID#
	Table Name
	Column Name
	Value Constraints

	1
	“gpkg_spatial_ref_sys”
	“organization”
	“EPSG” or “NGA”

	2
	“gpkg_spatial_ref_sys”
	“description”
	NOT NULL, not an empty string, not all whitespace, not “unknown”  (any case), not “tbd” (any case).  
For CRS specified in Clause 7.1 above, “description” column value from Table 7 through Table 19

	3
	“gpkg_contents”
	“data_type”
	“features” or “tiles” or an implementer-defined value
for other data tables in an Extended GeoPackage

	4
	“gpkg_contents”
	“min_x”
	 NULL if no information available, Otherwise:
If gpkg_contents.data_type = “features”, value SHALL be >= the minimum ST_MinX({geom_col}) value from gpkg_contents.table_name.
If gpkg_contents data_type = “tiles”, value SHALL be >= gpkg_tile_matrix_set.min_x column value for gpkg_contents.table_name.

	5
	“gpkg_contents”
	“min_y”
	 NULL if no information available.  Otherwise:
If gpkg_contents.data_type = “features”, value SHALL be >= the minimum ST_MinY({geom_col}) value from gpkg_contents.table_name.
If gpkg_contents data_type = “tiles”, value SHALL be >= gpkg_tile_matrix_set.min_y column value for gpkg_contents.table_name.

	6
	“gpkg_contents”
	“max_x”
	 NULL if no information available.  Otherwise:
If gpkg_contents.data_type = “features”, value SHALL be <=  the maximum ST_MaxX({geom_col}) value from gpkg_contents.table_name.
If gpkg_contents data_type = “tiles”, value SHALL be  <= gpkg_tile_matrix_set.max_x column value for gpkg_contents.table_name.

	7
	“gpkg_contents”
	“max_y”
	 NULL if no information available.  Otherwise:
If gpkg_contents.data_type = “features”, value SHALL be <=  the maximum ST_MaxY({geom_col}) value from gpkg_contents.table_name.
If gpkg_contents data_type = “tiles”, value SHALL be  <= gpkg_tile_matrix_set.max_y column value for gpkg_contents.table_name.

	8
	“gpkg_geometry_columns”
	“z”
	2: z values optional is prohibited

	9
	“gpkg_geometry_columns”
	“z”
	0: z values prohibited is required for all 2-D CRS, i.e. where definition column of gpkg_spatial_ref_sys with same srs_id value contains WKT definition starting with “GEODCRS” or “PROJCRS” per OGC 12-063/ISO 19162 

	10
	“gpkg_geometry_columns”
	“z”
	1: z values mandatory is required for all 3-D CRS, i.e. where definition column of gpkg_spatial_ref_sys with same srs_id value contains WKT definition starting with “GEODCRS” or “COMPOUNDCRS” with either “GEODCRS” or “PROJCRS” and “VERTCRS” definitions per OGC 12-063 / ISO 19162 

	11
	Every  gpkg_geomtry_columns table_name column value vector feature user data table name feat_table
	Corresponding gpkg_geometry_columns column_name column value geom_col name
	If corresponding gpkg_geometry_columns.z = 0,  
SELECT COUNT (*) FROM feat_table WHERE ST_Is3D(geom_col) SHALL return 0.  
If z = 1, SELECT COUNT (*) FROM feat_table WHERE NOT ST_Is3D(geom_col) SHALL return 0.

	12
	“gpkg_tile_matrix”
	“zoom_level”
	0 <= zoom_level <= max_level

	13
	“gpkg_tile_matrix”
	“tile_width”
	256

	14
	“gpkg_tile_matrix”
	“tile_height”
	256

	15
	“gpkg_tile_matrix”
	“pixel_x_size”
	SHALL vary by a factor of 2 between all adjacent zoom levels for the same table_name

	16
	“gpkg_tile_matrix”
	“pixel_y”size”
	SHALL vary by a factor of 2 between all adjacent zoom levels for the same table_name

	17
	Every gpkg_contents table_name column value where data_type = “tiles”
	“zoom_level”
	0 < = zoom_level <= max_level

	18
	“gpkg_metadata”
	“id” 
	1 SHALL be used only for NSG NMIS v2.2 Metadata for entire GeoPackage

	19
	“gpkg_metadata” 
	“md_scope”
	“series” or “dataset” for id = 1

	20
	“gpkg_metadata”
	“md_standard_uri”
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc            for id = 1

	21
	“gpkg_metadata”
	“mime_type”
	“text/xml” for id = 1

	22
	“gpkg_metadata”
	“metadata” 
	NMIS v2.2 metadata instance document for id = 1

	23
	“gpkg_metadata_reference”
	“reference_scope”
	“geopackage” for md_file_id = 1

	24
	“gpkg_metadata_reference”
	“table_name” 
	NULL for md_file_id = 1

	25
	“gpkg_metadata_reference”
	“column_name”
	NULL for md_file_id = 1

	26
	“gpkg_metadata_reference”
	“row_id_value”
	NULL for md_file_id = 1

	27
	“gpkg_metadata_reference”
	“timestamp” 
	timestamp value in ISO 8601format

	28
	“gpkg_metadata_reference”
	“md_file_id”
	1 required for NMIS metadata

	29
	“gpkg_metadata_reference”
	“md_parent_id” 
	NULL for md_file_id = 1


	


[bookmark: _Toc485024100]Tiles
[bookmark: _Ref394924126][bookmark: _Toc485024101]Tile Size
This clause mandates 256x256 tiles in any tile pyramid user data tables defined in accordance with OGC GeoPackage Clause 2.2.8 that contain NSG data.  
	NSG Req 20: The gpkg_tile_matrix table SHALL contain tile_width and tile_height column values of 256 for every table_name tile pyramid data table.
	NSG Req 21: Every tile_data tile in every table_name tile pyramid data table shall have a width and height of 256 pixels.

[bookmark: _Ref400707063][bookmark: _Toc485024102][bookmark: _Ref394912079]Zoom Levels
This clause specifies that pixel sizes vary by a factor of 2 between all adjacent zoom levels, adopting the commonly used "zoom times two" convention, and precluding the use of "zoom other intervals" conventions. It applies to any tile pyramid user data tables defined in accordance with Clause 2.2.8 that contain NSG data.
	NSG Req 22: The gpkg_tile_matrix table SHALL contain pixel_x_size and pixel_y_size column values that differ by a factor of 2 between all adjacent zoom levels for each tile pyramid data table per OGC GeoPackage Clause 2.2.3.  It SHALL NOT contain pixel sizes that vary by irregular intervals or by regular intervals other than a factor of 2 between adjacent zoom levels per OGC GeoPackage Clause 2.2.3.

[bookmark: _Toc485024103]Bounding Boxes
This clause specifies how bounding boxes should be used to support the global tile indexing scheme that is specified in Annex C 
	NSG Req 23: The (min_x, min_y, max_x,  max_y) values in the gpkg_tile_matrix_set table SHALL be the maximum bounds of the CRS specified for the tile pyramid data table and SHALL be used to determine the geographic position of each tile in the tile pyramid data table.
	NSG Req 24: The (min_x, max_x, min_y, max_y) values in the gpkg_contents table SHALL be used to describe an informative bounding rectangle of all tiles in the tile pyramid data table per OGC GeoPackage Clause 1.1.3.1.1



[bookmark: _Toc448153067][bookmark: _Toc448154683][bookmark: _Toc448156886][bookmark: _Toc448157213][bookmark: _Toc448223498][bookmark: _Toc448229129][bookmark: _Toc448153068][bookmark: _Toc448154684][bookmark: _Toc448156887][bookmark: _Toc448157214][bookmark: _Toc448223499][bookmark: _Toc448229130][bookmark: _Toc448153069][bookmark: _Toc448154685][bookmark: _Toc448156888][bookmark: _Toc448157215][bookmark: _Toc448223500][bookmark: _Toc448229131][bookmark: _Toc448153070][bookmark: _Toc448154686][bookmark: _Toc448156889][bookmark: _Toc448157216][bookmark: _Toc448223501][bookmark: _Toc448229132][bookmark: _Toc448153071][bookmark: _Toc448154687][bookmark: _Toc448156890][bookmark: _Toc448157217][bookmark: _Toc448223502][bookmark: _Toc448229133][bookmark: _Toc448153072][bookmark: _Toc448154688][bookmark: _Toc448156891][bookmark: _Toc448157218][bookmark: _Toc448223503][bookmark: _Toc448229134][bookmark: _Toc448153073][bookmark: _Toc448154689][bookmark: _Toc448156892][bookmark: _Toc448157219][bookmark: _Toc448223504][bookmark: _Toc448229135][bookmark: _Toc448153074][bookmark: _Toc448154690][bookmark: _Toc448156893][bookmark: _Toc448157220][bookmark: _Toc448223505][bookmark: _Toc448229136][bookmark: _Toc448153075][bookmark: _Toc448154691][bookmark: _Toc448156894][bookmark: _Toc448157221][bookmark: _Toc448223506][bookmark: _Toc448229137][bookmark: _Toc448153076][bookmark: _Toc448154692][bookmark: _Toc448156895][bookmark: _Toc448157222][bookmark: _Toc448223507][bookmark: _Toc448229138][bookmark: _Toc448153077][bookmark: _Toc448154693][bookmark: _Toc448156896][bookmark: _Toc448157223][bookmark: _Toc448223508][bookmark: _Toc448229139][bookmark: _Toc448153078][bookmark: _Toc448154694][bookmark: _Toc448156897][bookmark: _Toc448157224][bookmark: _Toc448223509][bookmark: _Toc448229140][bookmark: _Toc448153079][bookmark: _Toc448154695][bookmark: _Toc448156898][bookmark: _Toc448157225][bookmark: _Toc448223510][bookmark: _Toc448229141][bookmark: _Toc448153080][bookmark: _Toc448154696][bookmark: _Toc448156899][bookmark: _Toc448157226][bookmark: _Toc448223511][bookmark: _Toc448229142][bookmark: _Toc448153081][bookmark: _Toc448154697][bookmark: _Toc448156900][bookmark: _Toc448157227][bookmark: _Toc448223512][bookmark: _Toc448229143][bookmark: _Toc448153082][bookmark: _Toc448154698][bookmark: _Toc448156901][bookmark: _Toc448157228][bookmark: _Toc448223513][bookmark: _Toc448229144][bookmark: _Toc448153083][bookmark: _Toc448154699][bookmark: _Toc448156902][bookmark: _Toc448157229][bookmark: _Toc448223514][bookmark: _Toc448229145][bookmark: _Toc448153084][bookmark: _Toc448154700][bookmark: _Toc448156903][bookmark: _Toc448157230][bookmark: _Toc448223515][bookmark: _Toc448229146][bookmark: _Toc448153085][bookmark: _Toc448154701][bookmark: _Toc448156904][bookmark: _Toc448157231][bookmark: _Toc448223516][bookmark: _Toc448229147][bookmark: _Toc448153086][bookmark: _Toc448154702][bookmark: _Toc448156905][bookmark: _Toc448157232][bookmark: _Toc448223517][bookmark: _Toc448229148][bookmark: _Toc448153087][bookmark: _Toc448154703][bookmark: _Toc448156906][bookmark: _Toc448157233][bookmark: _Toc448223518][bookmark: _Toc448229149][bookmark: _Toc448153088][bookmark: _Toc448154704][bookmark: _Toc448156907][bookmark: _Toc448157234][bookmark: _Toc448223519][bookmark: _Toc448229150][bookmark: _Toc448153089][bookmark: _Toc448154705][bookmark: _Toc448156908][bookmark: _Toc448157235][bookmark: _Toc448223520][bookmark: _Toc448229151][bookmark: _Toc448153090][bookmark: _Toc448154706][bookmark: _Toc448156909][bookmark: _Toc448157236][bookmark: _Toc448223521][bookmark: _Toc448229152][bookmark: _Toc448153091][bookmark: _Toc448154707][bookmark: _Toc448156910][bookmark: _Toc448157237][bookmark: _Toc448223522][bookmark: _Toc448229153][bookmark: _Toc448153092][bookmark: _Toc448154708][bookmark: _Toc448156911][bookmark: _Toc448157238][bookmark: _Toc448223523][bookmark: _Toc448229154][bookmark: _Toc448153093][bookmark: _Toc448154709][bookmark: _Toc448156912][bookmark: _Toc448157239][bookmark: _Toc448223524][bookmark: _Toc448229155][bookmark: _Toc448153094][bookmark: _Toc448154710][bookmark: _Toc448156913][bookmark: _Toc448157240][bookmark: _Toc448223525][bookmark: _Toc448229156][bookmark: _Toc448153095][bookmark: _Toc448154711][bookmark: _Toc448156914][bookmark: _Toc448157241][bookmark: _Toc448223526][bookmark: _Toc448229157][bookmark: _Toc448153096][bookmark: _Toc448154712][bookmark: _Toc448156915][bookmark: _Toc448157242][bookmark: _Toc448223527][bookmark: _Toc448229158][bookmark: _Toc448153097][bookmark: _Toc448154713][bookmark: _Toc448156916][bookmark: _Toc448157243][bookmark: _Toc448223528][bookmark: _Toc448229159][bookmark: _Toc448153098][bookmark: _Toc448154714][bookmark: _Toc448156917][bookmark: _Toc448157244][bookmark: _Toc448223529][bookmark: _Toc448229160][bookmark: _Toc448153099][bookmark: _Toc448154715][bookmark: _Toc448156918][bookmark: _Toc448157245][bookmark: _Toc448223530][bookmark: _Toc448229161][bookmark: _Toc448153100][bookmark: _Toc448154716][bookmark: _Toc448156919][bookmark: _Toc448157246][bookmark: _Toc448223531][bookmark: _Toc448229162][bookmark: _Toc448153105][bookmark: _Toc448154721][bookmark: _Toc448156924][bookmark: _Toc448157251][bookmark: _Toc448223536][bookmark: _Toc448229167][bookmark: _Toc448153150][bookmark: _Toc448154766][bookmark: _Toc448156969][bookmark: _Toc448157296][bookmark: _Toc448223581][bookmark: _Toc448229212][bookmark: _Toc448153151][bookmark: _Toc448154767][bookmark: _Toc448156970][bookmark: _Toc448157297][bookmark: _Toc448223582][bookmark: _Toc448229213][bookmark: _Toc448153152][bookmark: _Toc448154768][bookmark: _Toc448156971][bookmark: _Toc448157298][bookmark: _Toc448223583][bookmark: _Toc448229214][bookmark: _Toc448153153][bookmark: _Toc448154769][bookmark: _Toc448156972][bookmark: _Toc448157299][bookmark: _Toc448223584][bookmark: _Toc448229215][bookmark: _Toc448153154][bookmark: _Toc448154770][bookmark: _Toc448156973][bookmark: _Toc448157300][bookmark: _Toc448223585][bookmark: _Toc448229216][bookmark: _Toc448153184][bookmark: _Toc448154800][bookmark: _Toc448157003][bookmark: _Toc448157330][bookmark: _Toc448223615][bookmark: _Toc448229246][bookmark: _Toc448153185][bookmark: _Toc448154801][bookmark: _Toc448157004][bookmark: _Toc448157331][bookmark: _Toc448223616][bookmark: _Toc448229247][bookmark: _Toc448153186][bookmark: _Toc448154802][bookmark: _Toc448157005][bookmark: _Toc448157332][bookmark: _Toc448223617][bookmark: _Toc448229248][bookmark: _Toc448153187][bookmark: _Toc448154803][bookmark: _Toc448157006][bookmark: _Toc448157333][bookmark: _Toc448223618][bookmark: _Toc448229249][bookmark: _Toc448153188][bookmark: _Toc448154804][bookmark: _Toc448157007][bookmark: _Toc448157334][bookmark: _Toc448223619][bookmark: _Toc448229250][bookmark: _Toc448153189][bookmark: _Toc448154805][bookmark: _Toc448157008][bookmark: _Toc448157335][bookmark: _Toc448223620][bookmark: _Toc448229251][bookmark: _Toc448153190][bookmark: _Toc448154806][bookmark: _Toc448157009][bookmark: _Toc448157336][bookmark: _Toc448223621][bookmark: _Toc448229252][bookmark: _Toc448153191][bookmark: _Toc448154807][bookmark: _Toc448157010][bookmark: _Toc448157337][bookmark: _Toc448223622][bookmark: _Toc448229253][bookmark: _Toc448153192][bookmark: _Toc448154808][bookmark: _Toc448157011][bookmark: _Toc448157338][bookmark: _Toc448223623][bookmark: _Toc448229254][bookmark: _Toc448153193][bookmark: _Toc448154809][bookmark: _Toc448157012][bookmark: _Toc448157339][bookmark: _Toc448223624][bookmark: _Toc448229255][bookmark: _Toc448153194][bookmark: _Toc448154810][bookmark: _Toc448157013][bookmark: _Toc448157340][bookmark: _Toc448223625][bookmark: _Toc448229256][bookmark: _Toc448153195][bookmark: _Toc448154811][bookmark: _Toc448157014][bookmark: _Toc448157341][bookmark: _Toc448223626][bookmark: _Toc448229257][bookmark: _Toc448153196][bookmark: _Toc448154812][bookmark: _Toc448157015][bookmark: _Toc448157342][bookmark: _Toc448223627][bookmark: _Toc448229258][bookmark: _Toc485024104]Features
[bookmark: _Ref399922626][bookmark: _Toc485024105]GeoPackage Extensions	
	This provides guidance on GeoPackage extensions for features.  
It applies to any GeoPackage that contains NSG data in any vector feature user data table defined in accordance with OGC GeoPackage Clause 2.1.6.
	NSG Req 25: The GeoPackage Geometry Types Extension specified in OGC GeoPackage Annex F.1 SHALL NOT be implemented and registered.	
NSG Req 26: The User-Defined Geometry Types Extension specified in clause OGC GeoPackage Annex F.2 SHALL NOT be implemented and registered.
	Extended geometry types MAY be allowed in a future version of this standard as required to meet identified NSG mission needs.
	NSG Req 27: The GeoPackage Rtree Spatial Indexes Extension specified in OGC GeoPackage Annex F.3 MAY be implemented and registered.


[bookmark: _Ref409435366][bookmark: _Toc485024106][bookmark: _Ref397343870][bookmark: _Ref401747678]GeoPackage to DoD DSE MDR CRS Dictionary Crosswalk
This Annex provides a crosswalk between the Coordinate Reference Systems (CRS) defined in Clause 7.1 Spatial Reference Systems and the corresponding identifiers in the DoD/IC Coordinate Reference Systems Dictionary in the DoD Data Services Environment (DSE) Metadata Registry (MDR), where such exist.  Identifiers are proposed for the CRSs that are not registered in the DSE MDR.  In both cases, the DSE MDR CRS IDs do not contain the http://metadata.ces.mil/mdr/ns/GSIP/crs/ URI prefix text or hyperlink, which is implied.  
[bookmark: _Toc461632053]Table 27: GeoPackage to DoD DSE MDR CRS Crosswalk
	CRS Name
	CRS
AUTH
ID
	DSE MDR 
CRS ID
	DSE
MDR
Type

	WGS 84 Geographic 3D lat/lon/hae
	EPSG 4979
	WGS84E_3D
	Exists

	WGS 84 Geographic 2D lat/lon
	EPSG 4326
	WGS84E_2D
	Exists

	WGS 84 / World Mercator
	EPSG 3395
	WGS84E_WorldMercator
	New

	WGS 84 / UPS North (E,N)
	EPSG 5041
	WGS84E_UPSN 
	Exists

	WGS 84 / UPS South (E,N)
	EPSG 5042
	WGS84E_UPSS
	Exists

	EGM2008 geoid height
	EPSG  3855
	EGM08_H
	Exists

	EGM2008 geoid depth
	NGA 3856
	EGM08_D
	Exists

	EGM96 geoid height
	EPSG 5773
	EGM96_H
	Exists

	EGM96 geoid depth
	NGA 5774
	EGM96_D
	Exists

	MSL height
	EPSG 5714
	MSL_H
	Exists

	MSL depth
	EPSG 5715
	MSL_D
	Exists

	WGS84 Geographic 2D Height (EGM08)
	NGA 8181
	WGS84E_EGM08_H
	Exists

	WGS84 Geographic 2D Depth (EGM08)
	NGA 8182
	WGS84E_EGM08_D
	Exists

	WGS84 Geographic 2D Height (EGM96)
	NGA 9099
	WGS84E_EGM96_H
	Exists

	WGS84 Geographic 2D Depth (EGM96)
	NGA  9100
	WGS84E_EGM96_D
	Exists

	WGS84 Geographic 2D Height (MSL)
	NGA 9040
	WGS84E_MSL_H
	Exists

	WGS84 Geographic 2D Depth (MSL)
	NGA 9041
	WGS84E_MSL_D
	Exists


[bookmark: _Ref409693812][bookmark: _Toc485024107]Metadata Reference Example 
Table 28 below shows six example rows in the gpkg_metadata table for a GeoPackage. 
[bookmark: _Ref455144778][bookmark: _Toc461632054]Table 28: gpkg_metadata table sample contents
	id
	md_scope
	md_standard_uri
	mime_type
	metadata

	1
	series
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Complete NMIS v2.2 for entire GeoPackage

	2
	dataset
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Partial NMIS v2.2 for feature data product

	3
	dataset
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Partial NMIS v2.2 for tiles data product

	4
	feature
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Partial NMIS v2.2 for one road feature

	5
	attribute
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Partial NMIS v2.2 for one road feature attribute

	6
	tile
	http://metadata.ces.mil/dse/ns/GSIP/nmis/2.2.0/doc
	text/xml
	Partial NMIS v2.2 for one tile image


Table 29 below shows six example rows in the gpkg_metadata_reference table that link the metadata rows in Table 28 to the GeoPackage contents that the metadata in those rows describes.
[bookmark: _Ref455144848][bookmark: _Toc461632055]Table 29: gpkg_metadata_reference table sample contents
	reference_scope
	table_name
	column_name
	row_id_value
	timestamp
	md_file_id
	md_parent_id

	geopackage
	NULL
	NULL
	NULL
	2014-09-04T15:33:47.123Z
	1
	NULL

	table
	roads
	NULL
	NULL
	2014-09-04T15:34:06.234Z
	2
	1

	table
	buckeye
	NULL
	NULL
	2014-09-04T15:35:07.345Z
	3
	1

	row
	roads
	NULL
	123
	2014-09-04T15:36:11:456Z
	4
	2

	row/col
	roads
	num_lanes
	234
	2014-09-04T15:36:25:567Z
	5
	2

	row/col
	buckeye
	tile_data
	987
	2014-09-04T15:37:49:678Z
	6
	3




Figure 1 below provides a diagram of the links between the rows in these tables and the GeoPackage contents.
[bookmark: _Ref455144485][bookmark: _Toc460587471]Figure 1: GeoPackage Metadata References
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Figures 2 and 3 provide example XML instance documents for complete NMIS v2.2

Figure 2. NMIS v2.2 Example 1 Instance XML, Single Tileset GeoPackage
1. <!-- BEGIN EXAMPLE 1-->
2. <?xml version="1.0" encoding="utf-8"?>  
3. <nas:MD_Metadata xmlns:nas="http://metadata.ces.mil/dse/ns/GSIP/5.0/nas" xmlns:gmd="http://www.isotc211.org/2005/gmd" xmlns:gco="http://www.isotc211.org/2005/gco" xmlns:gmi="http://www.isotc211.org/2005/gmi" xmlns:gml="http://www.opengis.net/gml/3.2" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:ism="urn:us:gov:ic:ism" xmlns:ntk="urn:us:gov:ic:ntk" xmlns:swe="http://www.opengis.net/swe/2.0" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" ism:DESVersion="9" ism:resourceElement="true" ism:createDate="2017-05-11" ism:classification="U" ism:ownerProducer="USA" ntk:DESVersion="7">  
4.   <gmd:hierarchyLevel>  
5.     <gmd:MD_ScopeCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeCode" codeListValue="series" />  
6.   </gmd:hierarchyLevel>  
7.   <gmd:hierarchyLevelName>  
8.     <nas:ScopeAmplificationCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode" codeListValue="dataset"/>  
9.   </gmd:hierarchyLevelName>  
10.   <gmd:contact>  
11.     <gmd:CI_ResponsibleParty>  
12.         <gmd:organisationName>  
13.             <gco:CharacterString>Army Geospatial Center</gco:CharacterString> 
14.         </gmd:organisationName>  
15.         <gmd:role>  
16.             <gmd:CI_RoleCode codeList="http://api.nsgreg.nga.mil/codelist/RoleCode" codeListValue="publisher"/>
17.         </gmd:role>  
18.     </gmd:CI_ResponsibleParty>  
19.   </gmd:contact>  
20.   <gmd:dateStamp>  
21.     <gco:Date>2017-05-11</gco:Date>
22.   </gmd:dateStamp>  
23.   <gmd:metadataStandardName>  
24.     <nas:MetadataStandardNameCode codeList="http://api.nsgreg.nga.mil/codelist/MetadataStandardNameCode" codeListValue="nsgMetadataFoundation"/>  
25.   </gmd:metadataStandardName>  
26.   <gmd:metadataStandardVersion>  
27.     <nas:MetadataStandardVersion>2.2.0</nas:MetadataStandardVersion>  
28.   </gmd:metadataStandardVersion>  
29.   <gmd:referenceSystemInfo>  
30.     <gmd:MD_ReferenceSystem>  
31.       <gmd:referenceSystemIdentifier>  
32.         <gmd:RS_Identifier>  
33.           <gmd:code>  
34.             <gco:CharacterString>4326</gco:CharacterString>  
35.           </gmd:code>  
36.           <gmd:codeSpace>  
37.             <gco:CharacterString>EPSG</gco:CharacterString>  
38.           </gmd:codeSpace>  
39.         </gmd:RS_Identifier>  
40.       </gmd:referenceSystemIdentifier>  
41.     </gmd:MD_ReferenceSystem>  
42.   </gmd:referenceSystemInfo>  
43.   <gmd:identificationInfo>  
44.     <nas:MD_DataIdentification>  
45.         <gmd:citation>  
46.             <gmd:CI_Citation>  
47.                 <gmd:title>  
48.                 <gco:CharacterString>Tiles_table</gco:CharacterString>
49.                 </gmd:title>  
50.                 <gmd:date>  
51.                 <gmd:CI_Date>  
52.                     <gmd:dateTime>  
53.                         <gco:DateTime>2017-06-05T13:40:00</gco:Date>
54.                     </gmd:date>  
55.                     <gmd:dateType>  
56.                         <gmd:CI_DateTypeCode codeList="http://api.nsgreg.nga.mil/codelist/DateTypeCode" codeListValue="creation"/>   
57.                     </gmd:dateType>   
58.                 </gmd:CI_Date>  
59.                 </gmd:date>  
60.             </gmd:CI_Citation>  
61.         </gmd:citation>  
62.         <gmd:abstract>  
63.             <gco:CharacterString>Description of tile/feature set descibed in current gmd:identificationInfo node.</gco:CharacterString><
64.         </gmd:abstract>  
65.         <gmd:pointOfContact>  
66.             <gmd:CI_ResponsibleParty>  
67.                 <gmd:organisationName>  
68.                     <gco:CharacterString>National Geospatial Intelligence Agency</gco:CharacterString> 
69.                 </gmd:organisationName>  
70.                 <gmd:role>  
71.                     <gmd:CI_RoleCode codeList="http://api.nsgreg.nga.mil/codelist/RoleCode" codeListValue="publisher"/>  
72.                 </gmd:role>  
73.             </gmd:CI_ResponsibleParty>  
74.         </gmd:pointOfContact>  
75.         <gmd:resourceConstraints -->  
76.             <nas:MD_SecurityConstraints>  
77.                 <gmd:classification>  
78.                     <gmd:MD_ClassificationCode codeList="http://api.nsgreg.nga.mil/codelist/ClassificationCode" codeListValue="unclassified"/>  
79.                 </gmd:classification>  
80.                 <gmd:classificationSystem>  
81.                     <nas:ClassificationSystem>US CAPCO</nas:ClassificationSystem>  
82.                 </gmd:classificationSystem>  
83.                 <nas:capcoMarking ism:classification="U" ism:ownerProducer="USA"/>  
84.             </nas:MD_SecurityConstraints>  
85.         </gmd:resourceConstraints>  
86.         <gmd:language>  
87.             <gmd:LanguageCode codeList="http://api.nsgreg.nga.mil/codelist/ISO639-2" codeListValue="eng"/>  
88.         </gmd:language>  
89.         <gmd:characterSet>  
90.             <gmd:MD_CharacterSetCode codeList="http://api.nsgreg.nga.mil/codelist/CharacterSetCode" codeListValue="utf8"/>  
91.         </gmd:characterSet>  
92.         <gmd:extent>  
93.             <gmd:EX_Extent>  
94.                 <gmd:geographicElement>  
95.                 <gmd:EX_GeographicBoundingBox>  
96.                         <gmd:westBoundLongitude>  
97.                             <gco:Decimal>-106.5</gco:Decimal>  
98.                         </gmd:westBoundLongitude>  
99.                         <gmd:eastBoundLongitude>  
100.                             <gco:Decimal>-106.4</gco:Decimal>  
101.                         </gmd:eastBoundLongitude>  
102.                         <gmd:southBoundLatitude>  
103.                             <gco:Decimal>32.1</gco:Decimal>  
104.                         </gmd:southBoundLatitude>  
105.                         <gmd:northBoundLatitude>  
106.                             <gco:Decimal>32.2</gco:Decimal>  
107.                         </gmd:northBoundLatitude>  
108.                     </gmd:EX_GeographicBoundingBox>  
109.                 </gmd:geographicElement>  
110.             </gmd:EX_Extent>  
111.         </gmd:extent>  
112.         <nas:languageCountry>
113.             <nas:LanguageCountryCode codeList="http://api.nsgreg.nga.mil/geo-political/GENC/3/2-1" codeListValue="USA"/>  
114.         </nas:languageCountry>  
115.         <nas:resourceCategory>
116.             <nas:ResourceCategoryCode codeList="http://api.nsgreg.nga.mil/codelist/ResourceCategoryCode" codeListValue="other"/>  
117.         </nas:resourceCategory>  
118.     </nas:MD_DataIdentification>  
119.   </gmd:identificationInfo>  
120.   <gmd:dataQualityInfo>  
121.     <gmd:DQ_DataQuality>
122.         <gmd:scope>  
123.             <gmd:DQ_Scope>  
124.                 <gmd:level>  
125.                     <gmd:MD_ScopeCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeCode" codeListValue="series"/>  
126.                 </gmd:level>  
127.                 <gmd:levelDescription>  
128.                     <gmd:MD_ScopeDescription>  
129.                         <gmd:other>  
130.                             <nas:ScopeAmplificationCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode" codeListValue="dataset"/>  
131.                         </gmd:other>  
132.                     </gmd:MD_ScopeDescription>  
133.                 </gmd:levelDescription>  
134.             </gmd:DQ_Scope>  
135.         </gmd:scope>  
136.         <gmd:lineage>  
137.             <gmd:LI_Lineage>  
138.                 <gmd:statment>  
139.                     <gco:CharacterString>unknown</gco:CharacterString>  
140.                 </gmd:statment>  
141.             </gmd:LI_Lineage>  
142.         </gmd:lineage>  
143.     </gmd:DQ_DataQuality>  
144.   </gmd:dataQualityInfo>  
145.   <gmd:metadataConstraints>
146.         <nas:MD_SecurityConstraints>  
147.               <gmd:classification>  
148.                 <gmd:MD_ClassificationCode codeList="http://api.nsgreg.nga.mil/codelist/ClassificationCode" codeListValue="unclassified"/>  
149.             </gmd:classification>  
150.             <gmd:classificationSystem>  
151.                 <nas:ClassificationSystem>US CAPCO</nas:ClassificationSystem>  
152.             </gmd:classificationSystem>  
153.             <nas:capcoMarking ism:classification="U" ism:ownerProducer="USA"/>  
154.         </nas:MD_SecurityConstraints>  
155.   </gmd:metadataConstraints>  
156. </nas:MD_Metadata>
157. <!-- END EXAMPLE 1-->
Figure 3. NMIS v2.2 Example 2 Instance XML, Tile and Feature Set GeoPackage
1. <!—BEGIN EXAMPLE 2-->
2. <?xml version="1.0" encoding="utf-8"?>  
3. <nas:MD_Metadata xmlns:nas="http://metadata.ces.mil/dse/ns/GSIP/5.0/nas" xmlns:gmd="http://www.isotc211.org/2005/gmd" xmlns:gco="http://www.isotc211.org/2005/gco" xmlns:gmi="http://www.isotc211.org/2005/gmi" xmlns:gml="http://www.opengis.net/gml/3.2" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:ism="urn:us:gov:ic:ism" xmlns:ntk="urn:us:gov:ic:ntk" xmlns:swe="http://www.opengis.net/swe/2.0" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" ism:DESVersion="9" ism:resourceElement="true" ism:createDate="2017-06-05" ism:classification="U" ism:ownerProducer="USA" ntk:DESVersion="7">  
4.   <gmd:hierarchyLevel>  
5.     <gmd:MD_ScopeCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeCode" codeListValue="series" />  
6.   </gmd:hierarchyLevel>  
7.   <gmd:hierarchyLevelName>  
8.     <nas:ScopeAmplificationCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode" codeListValue="dataset"/>  
9.   </gmd:hierarchyLevelName>  
10.   <gmd:contact>  
11.     <gmd:CI_ResponsibleParty>  
12.         <gmd:organisationName>  
13.             <gco:CharacterString>Army Geospatial Center</gco:CharacterString>   
14.         </gmd:organisationName>  
15.         <gmd:role>  
16.             <gmd:CI_RoleCode codeList="http://api.nsgreg.nga.mil/codelist/RoleCode" codeListValue="publisher"/>  
17.         </gmd:role>  
18.     </gmd:CI_ResponsibleParty>  
19.   </gmd:contact>  
20.   <gmd:dateStamp>  
21.     <gco:Date>2017-05-11</gco:Date>  
22.   </gmd:dateStamp>  
23.   <gmd:metadataStandardName>  
24.     <nas:MetadataStandardNameCode codeList="http://api.nsgreg.nga.mil/codelist/MetadataStandardNameCode" codeListValue="nsgMetadataFoundation"/>  
25.   </gmd:metadataStandardName>  
26.   <gmd:metadataStandardVersion>  
27.     <nas:MetadataStandardVersion>2.2.0</nas:MetadataStandardVersion>  
28.   </gmd:metadataStandardVersion>  
29.   <gmd:referenceSystemInfo>  
30.     <gmd:MD_ReferenceSystem>  
31.       <gmd:referenceSystemIdentifier>  
32.         <gmd:RS_Identifier>  
33.           <gmd:code>  
34.             <gco:CharacterString>4326</gco:CharacterString>  
35.           </gmd:code>  
36.           <gmd:codeSpace>  
37.             <gco:CharacterString>EPSG</gco:CharacterString>  
38.           </gmd:codeSpace>  
39.         </gmd:RS_Identifier>  
40.       </gmd:referenceSystemIdentifier>  
41.     </gmd:MD_ReferenceSystem>  
42.   </gmd:referenceSystemInfo>  
43.     <gmd:referenceSystemInfo>  
44.     <gmd:MD_ReferenceSystem>  
45.       <gmd:referenceSystemIdentifier>  
46.         <gmd:RS_Identifier>  
47.           <gmd:code>  
48.             <gco:CharacterString>3395</gco:CharacterString>  
49.           </gmd:code>  
50.           <gmd:codeSpace>  
51.             <gco:CharacterString>EPSG</gco:CharacterString>  
52.           </gmd:codeSpace>  
53.         </gmd:RS_Identifier>  
54.       </gmd:referenceSystemIdentifier>  
55.     </gmd:MD_ReferenceSystem>  
56.   </gmd:referenceSystemInfo>  
57.   <gmd:identificationInfo>  
58.     <nas:MD_DataIdentification>  
59.         <gmd:citation>  
60.             <gmd:CI_Citation>  
61.                 <gmd:title>  
62.                 <gco:CharacterString>Tiles_table</gco:CharacterString>  
63.                 </gmd:title>  
64.                 <gmd:date>  
65.                 <gmd:CI_Date>  
66.                     <gmd:date>  
67.                         <gco:Date>2017-06-05</gco:Date>  
68.                     </gmd:date>  
69.                     <gmd:dateType>  
70.                         <gmd:CI_DateTypeCode codeList="http://api.nsgreg.nga.mil/codelist/DateTypeCode" codeListValue="creation"/>   
71.                     </gmd:dateType>   
72.                 </gmd:CI_Date>  
73.                 </gmd:date>  
74.             </gmd:CI_Citation>  
75.         </gmd:citation>  
76.         <gmd:abstract>  
77.             <gco:CharacterString>Description of Geopackage</gco:CharacterString>  
78.         </gmd:abstract>  
79.         <gmd:pointOfContact>  
80.             <gmd:CI_ResponsibleParty>  
81.                 <gmd:organisationName>  
82.                     <gco:CharacterString>National Geospatial Intelligence Agency</gco:CharacterString><!-- Describes the publisher for the referenced tile,feature, or extention referenced in current citation tag-->  
83.                 </gmd:organisationName>  
84.                 <gmd:role>  
85.                     <gmd:CI_RoleCode codeList="http://api.nsgreg.nga.mil/codelist/RoleCode" codeListValue="publisher"/>  
86.                 </gmd:role>  
87.             </gmd:CI_ResponsibleParty>  
88.         </gmd:pointOfContact>  
89.         <gmd:resourceConstraints>  
90.             <nas:MD_SecurityConstraints>  
91.                 <gmd:classification>  
92.                     <gmd:MD_ClassificationCode codeList="http://api.nsgreg.nga.mil/codelist/ClassificationCode" codeListValue="unclassified"/>  
93.                 </gmd:classification>  
94.                 <gmd:classificationSystem>  
95.                     <nas:ClassificationSystem>US CAPCO</nas:ClassificationSystem>  
96.                 </gmd:classificationSystem>  
97.                 <nas:capcoMarking ism:classification="U" ism:ownerProducer="USA"/>  
98.             </nas:MD_SecurityConstraints>  
99.         </gmd:resourceConstraints>  
100.         <gmd:language>  
101.             <gmd:LanguageCode codeList="http://api.nsgreg.nga.mil/codelist/ISO639-2" codeListValue="eng"/>  
102.         </gmd:language>  
103.         <gmd:characterSet>  
104.             <gmd:MD_CharacterSetCode codeList="http://api.nsgreg.nga.mil/codelist/CharacterSetCode" codeListValue="utf8"/>  
105.         </gmd:characterSet>  
106.         <gmd:extent>  
107.             <gmd:EX_Extent>  
108.                 <gmd:geographicElement>  
109.                 <gmd:EX_GeographicBoundingBox>  
110.                         <gmd:westBoundLongitude>  
111.                             <gco:Decimal>-106.5</gco:Decimal>  
112.                         </gmd:westBoundLongitude>  
113.                         <gmd:eastBoundLongitude>  
114.                             <gco:Decimal>-106.4</gco:Decimal>  
115.                         </gmd:eastBoundLongitude>  
116.                         <gmd:southBoundLatitude>  
117.                             <gco:Decimal>32.1</gco:Decimal>  
118.                         </gmd:southBoundLatitude>  
119.                         <gmd:northBoundLatitude>  
120.                             <gco:Decimal>32.2</gco:Decimal>  
121.                         </gmd:northBoundLatitude>  
122.                     </gmd:EX_GeographicBoundingBox>  
123.                 </gmd:geographicElement>  
124.             </gmd:EX_Extent>  
125.         </gmd:extent>  
126.         <nas:languageCountry>  
127.             <nas:LanguageCountryCode codeList="http://api.nsgreg.nga.mil/geo-political/GENC/3/2-1" codeListValue="USA"/>  
128.         </nas:languageCountry>  
129.         <nas:resourceCategory>  
130.             <nas:ResourceCategoryCode codeList="http://api.nsgreg.nga.mil/codelist/ResourceCategoryCode" codeListValue="other"/>  
131.         </nas:resourceCategory>  
132.     </nas:MD_DataIdentification>  
133.   </gmd:identificationInfo>  
134.     <gmd:identificationInfo>  
135.     <nas:MD_DataIdentification>  
136.         <gmd:citation>  
137.             <gmd:CI_Citation>  
138.                 <gmd:title>  
139.                 <gco:CharacterString>Roads</gco:CharacterString>  
140.                 </gmd:title>  
141.                 <gmd:date>  
142.                 <gmd:CI_Date>  
143.                     <gmd:date>  
144.                         <gco:Date>2017-06-05</gco:Date>  
145.                     </gmd:date>  
146.                     <gmd:dateType>  
147.                         <gmd:CI_DateTypeCode codeList="http://api.nsgreg.nga.mil/codelist/DateTypeCode" codeListValue="creation"/>   
148.                     </gmd:dateType>   
149.                 </gmd:CI_Date>  
150.                 </gmd:date>  
151.             </gmd:CI_Citation>  
152.         </gmd:citation>  
153.         <gmd:abstract>  
154.             <gco:CharacterString>Description of Feature</gco:CharacterString>  
155.         </gmd:abstract>  
156.         <gmd:pointOfContact>  
157.             <gmd:CI_ResponsibleParty>  
158.                 <gmd:organisationName>  
159.                     <gco:CharacterString>Army Geospatial Center</gco:CharacterString>  
160.                 </gmd:organisationName>  
161.                 <gmd:role>  
162.                     <gmd:CI_RoleCode codeList="http://api.nsgreg.nga.mil/codelist/RoleCode" codeListValue="publisher"/>  
163.                 </gmd:role>  
164.             </gmd:CI_ResponsibleParty>  
165.         </gmd:pointOfContact>  
166.         <gmd:resourceConstraints>  
167.             <nas:MD_SecurityConstraints>  
168.                 <gmd:classification>  
169.                     <gmd:MD_ClassificationCode codeList="http://api.nsgreg.nga.mil/codelist/ClassificationCode" codeListValue="unclassified"/>  
170.                 </gmd:classification>  
171.                 <gmd:classificationSystem>  
172.                     <nas:ClassificationSystem>US CAPCO</nas:ClassificationSystem>  
173.                 </gmd:classificationSystem>  
174.                 <nas:capcoMarking ism:classification="U" ism:ownerProducer="USA"/>  
175.             </nas:MD_SecurityConstraints>  
176.         </gmd:resourceConstraints>  
177.         <gmd:language>  
178.             <gmd:LanguageCode codeList="http://api.nsgreg.nga.mil/codelist/ISO639-2" codeListValue="eng"/>  
179.         </gmd:language>  
180.         <gmd:characterSet>  
181.             <gmd:MD_CharacterSetCode codeList="http://api.nsgreg.nga.mil/codelist/CharacterSetCode" codeListValue="utf8"/>  
182.         </gmd:characterSet>  
183.         <gmd:extent>  
184.             <gmd:EX_Extent>  
185.                 <gmd:geographicElement>  
186.                 <gmd:EX_GeographicBoundingBox>  
187.                         <gmd:westBoundLongitude>  
188.                             <gco:Decimal>-106.7</gco:Decimal>  
189.                         </gmd:westBoundLongitude>  
190.                         <gmd:eastBoundLongitude>  
191.                             <gco:Decimal>-106.2</gco:Decimal>  
192.                         </gmd:eastBoundLongitude>  
193.                         <gmd:southBoundLatitude>  
194.                             <gco:Decimal>32.1</gco:Decimal>  
195.                         </gmd:southBoundLatitude>  
196.                         <gmd:northBoundLatitude>  
197.                             <gco:Decimal>32.2</gco:Decimal>  
198.                         </gmd:northBoundLatitude>  
199.                     </gmd:EX_GeographicBoundingBox>  
200.                 </gmd:geographicElement>  
201.             </gmd:EX_Extent>  
202.         </gmd:extent>  
203.         <nas:languageCountry><!--Requried for Validation-->  
204.             <nas:LanguageCountryCode codeList="http://api.nsgreg.nga.mil/geo-political/GENC/3/2-1" codeListValue="USA"/>  
205.         </nas:languageCountry>  
206.         <nas:resourceCategory><!--Required for Validation-->  
207.             <nas:ResourceCategoryCode codeList="http://api.nsgreg.nga.mil/codelist/ResourceCategoryCode" codeListValue="other"/>  
208.         </nas:resourceCategory>  
209.     </nas:MD_DataIdentification>  
210.   </gmd:identificationInfo>  
211.   <gmd:dataQualityInfo>  
212.     <gmd:DQ_DataQuality>  
213.         <gmd:scope>  
214.             <gmd:DQ_Scope>  
215.                 <gmd:level>  
216.                     <gmd:MD_ScopeCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeCode" codeListValue="series"/>  
217.                 </gmd:level>  
218.                 <gmd:levelDescription>  
219.                     <gmd:MD_ScopeDescription>  
220.                         <gmd:other>  
221.                             <nas:ScopeAmplificationCode codeList="http://api.nsgreg.nga.mil/codelist/ScopeAmplificationCode" codeListValue="dataset"/>  
222.                         </gmd:other>  
223.                     </gmd:MD_ScopeDescription>  
224.                 </gmd:levelDescription>  
225.             </gmd:DQ_Scope>  
226.         </gmd:scope>  
227.         <gmd:lineage>  
228.             <gmd:LI_Lineage>  
229.             </gmd:LI_Lineage>  
230.         </gmd:lineage>  
231.     </gmd:DQ_DataQuality>  
232.   </gmd:dataQualityInfo>  
233.   <gmd:metadataConstraints>  
234.         <nas:MD_SecurityConstraints>  
235.               <gmd:classification>  
236.                 <gmd:MD_ClassificationCode codeList="http://api.nsgreg.nga.mil/codelist/ClassificationCode" codeListValue="unclassified"/>  
237.             </gmd:classification>  
238.             <gmd:classificationSystem>  
239.                 <nas:ClassificationSystem>US CAPCO</nas:ClassificationSystem>  
240.             </gmd:classificationSystem>  
241.             <nas:capcoMarking ism:classification="U" ism:ownerProducer="USA"/>  
242.         </nas:MD_SecurityConstraints>  
243.   </gmd:metadataConstraints>  
244. </nas:MD_Metadata> 
245. <!—END EXAMPLE 2--> 
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The World Mercator (EPSG::3395) GeoPackage tile scheme has a square layout. 
The projection bounds for the World Mercator raster tile pyramid are (-20037508.342789244, -20037508.342789244) to (20037508.342789244, 20037508.342789244) meters which yields the corresponding longitude, latitude limits of (-180, -85.084059) to (180, 85.084059)
The zoom level 0 tile covers the whole bounds of the projection which yields an area of 40,075,016.68557849 meters by 40,075,016.68557849 meters. 
As referenced in the OpenGIS® Web Map Tile Service Implementation Standard, OGC 07-057r7, Section 6.1. a) "The scale denominator is defined with respect to a ‘standardized rendering pixel size’ of 0.28 mm × 0.28 mm (millimeters)".  This pixel size is nominal and is used to generate the meters per pixel values shown in Table 30 below.[footnoteRef:8]   [8:  Given that, from the server side, the size of the pixels of client display devices cannot be predetermined, WMTS uses a "standard" pixel size of 0.28mm that provides a "common" relationship between pixel size and scale.   This can create situations where a server advertises tiles for a given scale that results in visualization at a different scale on a client's display.  For example, a server advertised scale of 1:10000 may result in ~1:35000 visualizations on a display with a 0.078mm pixel size (0.28 is only a convenient "constant").  So, to show the "real" scale displayed on this display, the scale advertised by the server must be multiplied by ~3.6 (0.28/0.078).
] 

Two hundred fifty six (256) pixels in the horizontal dimension are defined to be 71.68 mm or 0.07168 meters. It represents 40,075,016.68557849 meters of Earth distance at the equator. Thus, the scale is 40,075,016.68557849 / 0.07168 or 559082264.0287178 at the equator.
At zoom level 0, the pixel size in meters is 40,075,016.68557849 / 256 = 156543.033928041.
Scales and pixel sizes for the 3395 projection match the World Web Mercator TileMatrixSet definition as specified in OGC 13-082r2 “WMTS Simple Profile”.  Any discrepancies in the scale denominator and pixels size values shown below are simply an artifact of rounding. It is important to note that the Web Mercator (EPSG::3857) and the World Mercator (EPSG::3395) projections are different, thus the actual tile contents will differ slightly. 
The zoom level scale set and matrix width and height for the World Mercator raster tile pyramid are defined below in Table 30. 
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	Zoom Level
	Scale
	Pixel Size (m)
	matrix_width
	matrix_height

	0
	559082264.02871774553571428572
	156543.03392804096875
	1
	1

	1
	279541132.01435887276785714286

	78271.516964020484375
	2
	2

	2
	139770566.00717943638392857143
	39135.7584820102421875
	4
	4

	3
	69885283.003589718191964285715

	19567.87924100512109375
	8
	8

	4
	34942641.501794859095982142857

	9783.939620502560546875
	16
	16

	5
	17471320.750897429547991071429
	4891.9698102512802734375
	32
	32

	6
	8735660.375448714773995535714
	2445.98490512564013671875
	64
	64

	7
	4367830.1877243573869977678571
	1222.992452562820068359375
	128
	128

	8
	2183915.0938621786934988839286
	611.4962262814100341796875
	256
	256

	9
	1091957.5469310893467494419643
	305.74811314070501708984375
	512
	512

	10
	545978.77346554467337472098214
	152.874056570352508544921875
	1024
	1024

	11
	272989.38673277233668736049107
	76.4370282851762542724609375
	2048
	2048

	12
	136494.69336638616834368024553
	38.21851414258812713623046875
	4096
	4096

	13
	68247.346683193084171840122768
	19.109257071294063568115234375
	8192
	8192

	14
	34123.673341596542085920061386
	9.554628535647031784057617188
	16384
	16384

	15
	17061.836670798271042960030692
	4.7773142678235158920288085938
	32768
	32768

	16
	8530.918335399135521480015346
	2.3886571339117579460144042969
	65536
	65536

	17
	4265.4591676995677607400076729
	1.1943285669558789730072021484

	131072
	131072

	18
	2132.7295838497838803700038364
	0.5971642834779394865036010742
	262144
	262144

	19
	1066.3647919248919401850019182
	0.2985821417389697432518005371

	524288
	524288

	20
	533.18239596244597009250095928
	0.1492910708694848716259002686
	1048576
	1048576

	21
	266.59119798122298504625047964
	0.0746455354347424358129501343
	2097152
	2097152

	22
	133.29559899061149252312523964
	0.0373227677173712179064750671
	4194304
	4194304

	23
	66.647799495305746261562620003
	0.0186613838586856089532375336
	8388608
	8388608

	24
	33.323899747652873130781310002
	0.0093306919293428044766187668
	167772161616
	16777216





All tiles are globally referenced based on the zoom level and (column, row) index values on the global World Mercator grid. Figure 4 below shows the (column, row) index values for zoom levels 0 through 3. 
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The bounding box in the gpkg_tile_matrix_set table should contain the projection bounds for the World Mercator raster tile pyramid (-20037508.342789244, -20037508.342789244) to (20037508.342789244, 20037508.342789244)  This bounding box is used to determine the geolocation of each tile which use the global tile referencing scheme shown above. All tiles must be ‘snapped’ to the World Mercator grid. If source data does not completely fill a tile, pixels without data within the tile must be completely filled with a default value.  For JPEG tiles this default value is usually black, while PNG tiles may use transparency. Table 31 below demonstrates how the how the bounding box values in the World Mercator gpkg_tile_matrix_set table (min_x, min_y, max_x, max_y) should be encoded. 
[bookmark: _Ref455144731][bookmark: _Toc461632057]Table 31: World Mercator gpkg_tile_matrix_set
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The next table demonstrates how the matrix_width and matrix_height columns values in the gpkg_tile_matrix table should be encoded.  These values are fixed and are based on the maximum number of tiles that could exist at a given zoom level.  

[bookmark: _Toc461632058]Table 32: World Mercator gpkg_tile_matrix
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Table 33 demonstrates how tiles from the image in Figure 5 should be indexed in the World Mercator NSG GeoPackage. The tile_colunm and tile_row values should indicate the position of each tile on the absolute World Mercator grid for each zoom level.  Tiles that do not contain data (e.g. completely black or transparent) should not be included in the tiles table.  This tiling scheme is very similar to the Tile Map Service (TMS) specification, with the important difference being that the origin tile (0,0) in a GeoPackage is the top left while the origin tile in TMS is bottom left.
[bookmark: _Ref455145372][bookmark: _Toc460587473]Figure 5: World Mercator zoom level 1 example
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UPS North (Full Tiling) 
This section and the next specify the tiliing scheme for the zoom-able tiled raster graphics, when the map projection is the polar stereographic projection.  This was specified in SIG.0014_1.0_PROJRAS but is amended here. 
The map projection is Universal Polar Stereographic (UPS) or EPSG:: 5041, but with these limits for the UPS coordinates (x,y): 

In the UPS System, the north Pole is assigned the coordinates  The above projection limits can be expressed another way to show the symmetry about the Pole:

The formulas for UPS grid coordinates, given the latitude and longitude, are available in many places, including the NGA document, SIG.0012_2.0.0_UTMUPS.  In this application of UPS coordinates, negative values are allowed. 
The above limits are calculations based on the stipulation that the level 0 tile (a square) will be tangent on all four sides to circle at latitude S. This is shown in Fig. 1. More detail is given in Fig. 2.[image: ]
The tiling scheme is given as follows: 
· Tiles are squares with 256 pixels on a side
· Successive zoom-levels are built by dividing each tile in half, both horizontally and vertically to get twice as many tiles across and twice as many tiles down 
· At zoom level 0 there is only one tile.  It spans the limits of the projection given above. 

The tiles are organized into rows and columns.   At every zoom level, row 0 is at the top and column 0 is at the left. Fig. 3 shows the arrangment of tiles for zoom level 1.  Fig. 4 shows the same for zoom level 2.
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For each zoom level , there are  tiles across and  tiles down.  Each tile is 256 pixels across by 256 pixels down.  Therefore, the total number of pixels at zoom-level  that lie on the -axis between  and   (an interval of length of  is .  The ratio of meters on the -axis to pixels on the x-axis is therefore: 
meters/pixels
The meters/pixel ratio for the -axis is the same. One pixel on the - or -axis is the above number of meters. One pixel on the small-device screen is assumed to be 0.28mm.  This is a conventional number, and treated as if its accuracy was 0.2800000000000000mm.  These numbers and formulas lead to the quantity “Scale Demoninator” used in the XML examples in the WMTS standard, as follows: [image: ]
Example 1.  At zoom level , the scale denominator is 14335204.51158959.  Multiplying this by the device’s nominal pixel size of 0.28mm gives 4013.857263245084 meters/pixel. 
The above discussion of scale was confined entirely to the pixel size on the device, to the pixel’s extent on the UPS projection plane, and to the ratio between these.  No mention of latitude was necessary.  To relate the pixel size to a length on the Earth (i.e the WGS 84 ellipsoid model of the Earth), where latitude is a dependency, see Table (TBD) or use the fact that Table 4 of NGA.SIG.0014_1.0_PROJRAS is relatively correct between latitudes.  Here are some examples: 
[image: ]
Example 3. At zoom level , the ratio, meters(Earth)/pixel, for latitude 60°N is 3767.81. This number can be computed as the value at the Pole (see Example 2) times the ratio 

UPS South (Full Tiling) 
The situation for UPS South is similar to the foregoing.  The EPSG code is EPSG:: 5042. The x- and y-limits of projections are the same.  It is symmetric in every way to UPS North, except, of course, the geography is different.  Fig. 5 shows the portions of the world covered:
[image: ]
Fig 5. The Outside square is the single tile for zoom level 0. Its center is the south Pole with UPS coordinates (x,y) = (2 000 000, 2 000 000). Zoom level 1 is obtained by dividing it into 4 squares that abut each other along the 90°W, 0°E, 90°E, and 180°E meridians. The labels are shown every one million meters. Shown in blue are meridians and parallels at 15° intervals from the Prime Meridian and Equator, respectively. Small pieces of the 30°N parallel are shown. 
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The WGS 84 Geographic 2D (EPSG::4326) GeoPackage tile scheme has an equirectangular layout. 
The projection bounds for the WGS 84 Geodetic raster tile pyramid are (-180, -90) to (180, 90).
Zoom level 0 will consist of two square tiles that cover the whole bounds of the projection.
As referenced in the OpenGIS® Web Map Tile Service Implementation Standard, OGC 07-057r7, Section 6.1. a) "The scale denominator is defined with respect to a ‘standardized rendering pixel size’ of 0.28 mm × 0.28 mm (millimeters)". This pixel size is nominal and is used to generate the meters per pixel values shown in Table 34 below.[footnoteRef:9]   [9:  Given that, from the server side, the size of the pixels of client display devices cannot be predetermined, WMTS uses a "standard" pixel size of 0.28mm that provides a "common" relationship between pixel size and scale.   This can create situations where a server advertises tiles for a given scale that results in visualization at a different scale on a client's display.  For example, a server advertised scale of 1:10000 may result in ~1:35000 visualizations on a display with a 0.078mm pixel size (0.28 is only a convenient "constant").  So, to show the "real" scale displayed on this display, the scale advertised by the server must be multiplied by ~3.6 (0.28/0.078).
] 

At zoom level 0, the pixel size in degrees is 180/ 256 = 0.7031250.
The zoom level scale set and matrix width and height for the WGS 84 Geodetic raster tile pyramid are defined below in Table 34. These tiles are fully compatible with the World CRS84 TileMatrixSet definition as specified in OGC 13-082r2 “WMTS Simple Profile”.  Any discrepancies in the scale denominator and pixels size values shown below are simply an artifact of rounding, and do not reflect any difference in how the tiles are created or rendered.  
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	Zoom Level
	Scale Denominator
	Pixel Size (degrees)
	matrix_width
	matrix_height

	0
	279541132.01435900
	0.7031250
	2
	1

	1
	139770566.00717900
	0.3515625
	4
	2

	2
	69885283.00358960
	0.17578125
	8
	4

	3
	34942641.50179480
	0.0878906250
	16
	8

	4
	17471320.75089740
	0.0439453125
	32
	16

	5
	8735660.37544870
	0.0219726563
	64
	32

	6
	4367830.18772435
	0.0109863281
	128
	64

	7
	2183915.09386218
	0.0054931641
	256
	128

	8
	1091957.54693109
	0.0027465820
	512
	256

	9
	545978.77346554
	0.0013732910
	1024
	512

	10
	272989.38673277
	0.0006866455
	2048
	1024

	11
	136494.69336639
	0.0003433228
	4096
	2048

	12
	68247.34668319
	0.0001716614
	8192
	4096

	13
	34123.67334160
	0.0000858307
	16384
	8192

	14
	17061.83667080
	0.0000429153
	32768
	16384

	15
	8530.91833540
	0.0000214577
	65536
	32768

	16
	4265.45916770
	0.0000107288
	131072
	65536

	17
	2132.72958385
	0.0000053644
	262144
	131072

	18
	1066.36479192
	0.0000026822
	524288
	262144

	19
	533.18239596
	0.0000013411
	1048576
	524288

	20
	266.59119798
	0.0000006706
	2097152
	1048576

	21
	133.29559899
	0.0000003353
	4194304
	2097152

	22
	66.64779950
	0.0000001676
	8388608
	4194304

	23
	33.32389975
	0.0000000838
	16777216
	8388608





All tiles are globally referenced based on the zoom level and (column, row) index values on the global WGS 84 Geodetic grid. Figure 6 below shows the (column, row) index values for zoom levels 0 through 2. 
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The bounding box in the gpkg_tile_matrix_set table should contain the projection bounds for the WGS84 Geodetic raster tile pyramid (-180, -90) to (180, 90) This bounding box is used to determine the geolocation of each tile which use the global tile referencing scheme shown above. All tiles must be ‘snapped’ to the WGS84 Geodetic grid. If source data does not completely fill a tile, pixels without data within the tile must be completely filled with a default value.  For JPEG tiles this default value is usually black, while PNG tiles may use transparency. Table 35 below demonstrates how the matrix_width and matrix_height columns values in the gpkg_tile_matrix table should be encoded.  These values are fixed and are based on the maximum number of tiles that could exist at a given zoom level.

[bookmark: _Ref455145681][bookmark: _Ref455145671][bookmark: _Toc461632061]Table 35: WGS 84 Geodetic gpkg_tile_matrix table
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The image in Figure 7 and sample ‘tiles’ in Table 36 demonstrate how tiles should be indexed in the WGS 84 Geodetic NSG GeoPackage. The tile_column and tile_row values should indicate the position of each tile on the absolute WGS 84 Geodetic grid for each zoom level.  Tiles that do not contain data (e.g. completely black or transparent) should not be included in the tiles table. This tiling scheme is very similar to the Tile Map Service (TMS) specification, with the important difference being that the origin tile (0,0) in a GeoPackage is the top left while the origin tile in TMS is bottom left.


[bookmark: _Ref485806152][bookmark: _Toc460587475]Figure 7: WGS 84 Geodetic Zoom Level 2 Example
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[bookmark: _Ref455145719][bookmark: _Toc461632062]Table 36: WGS 84 Geodetic tiles table
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Extension Title
Rtree Spatial Indexes

Introduction
The rtree index extension provides a means to encode an rtree index for geometry values in a GeoPackage. An RTree index provides a significant performance advantage for searches with basic envelope spatial criteria that return subsets of the rows in a feature table with a non-trivial number (thousands or more) of rows.

Extension Author
GeoPackage SWG, author_name “gpkg”.

Extension Name or Template
“gpkg_rtree_index”

Extension Type
New Requirement dependent on clauses 2.1.3 and 3.1.2.

Applicability
This extension applies to any column specified in the gpkg_geometry_columns table.

Scope
Write-only, because it does not change the result of reads, although it may improve their performance.

Requirements
This extension uses the rtree implementation provided by the SQLite R*Tree Module extension documented at http://www.sqlite.org/rtree.html.


GeoPackage

The tables below contain SQL templates with variables. Replace the following template variables with the specified values to create the required SQL statements:

<t>: The name of the feature table containing the geometry column
<c>: The name of the geometry column in <t> that is being indexed
<i>: The name of the integer primary key column in <t> as specified in Req 29

Create Virtual Table

Rtree spatial indexes on geometry columns SHALL be created using the SQLite Virtual Table RTree extension. An application that creates a spatial index SHALL create it using the following SQL statement template:

CREATE VIRTUL TABLE rtree_<t>_<c>
USING rtree(id, minx, maxx, miny, maxy)


where <t> and <c> are replaced with the names of the feature table and geometry column being indexed. The rtree function id parameter becomes the virtual table 64-bit signed integer primary key id column, and the min/max x/y parameters are min- and max-value pairs (stored as 32-bit floating point numbers) for each dimension that become the virtual table data columns that are populated to create the spatial rtree index.

Load Spatial Index Values
The indexes provided by the SQLite Virtual Table RTree extension are not automatic indices. This means the index data structure needs to be manually populated, updated and queried.
Each newly created spatial index SHALL be populated using the following SQL statement

INSERT OR REPLACE INTO rtree_<t>_<c>
SELECT <i>, st_minx(<c>), st_maxx(<c>),
st_miny(<c>), st_maxy(<c>)
FROM <t>;


where <t> and <c> are replaced with the names of the feature table and geometry column being indexed and <i> is replaced with the name of the feature table integer primary key column.


Define Triggers to Maintain Spatial Index  Values

For each spatial index in a GeoPackage, corresponding insert, update and delete triggers that update the spatial index SHALL be present on the indexed geometry column. These spatial index triggers SHALL be defined as follows:

/* Conditions: Insertion of non-empty geometry Actions	: Insert record into rtree */
CREATE TRIGGER rtree_<t>_<c>_insert AFTER INSERT ON <t> WHEN (new.<c> NOT NULL AND NOT ST_IsEmpty(NEW.<c>))

BEGIN
INSERT OR REPLACE INTO rtree_<t>_<c> VALUES ( NEW.<i>,
ST_MinX(NEW.<c>), ST_MaxX(NEW.<c>), ST_MinY(NEW.<c>), ST_MaxY(NEW.<c>)
); END;

/* Conditions: Update of geometry column to non-empty geometry No row ID change

UNCLASSIFIED


0

Actions	: Update record in rtree */
CREATE TRIGGER rtree_<t>_<c>_update1 AFTER UPDATE OF <c> ON <t>
WHEN OLD.<i> = NEW.<i> AND
(NEW.<c> NOTNULL AND NOT ST_IsEmpty(NEW.<c>))
BEGIN
INSERT OR REPLACE INTO rtree_<t>_<c> VALUES ( NEW.<i>,
ST_MinX(NEW.<c>), ST_MaxX(NEW.<c>), ST_MinY(NEW.<c>), ST_MaxY(NEW.<c>)
); END;

/* Conditions: Update of geometry column to empty geometry No row ID change
Actions	: Remove record from rtree */
CREATE TRIGGER rtree_<t>_<c>_update2 AFTER UPDATE OF <c> ON <t>
WHEN OLD.<i> = NEW.<i> AND
(NEW.<c> ISNULL OR ST_IsEmpty(NEW.<c>))
BEGIN
DELETE FROM rtree_<t>_<c> WHERE id = OLD.<i>; END;

/* Conditions: Update of any column
Row ID change
Non-empty geometry
Actions	: Remove record from rtree for old rowid Insert record into rtree for new rowid */
CREATE TRIGGER rtree_<t>_<c>_update3 AFTER UPDATE OF <c> ON <t>
WHEN OLD.<i> != NEW.<i> AND
(NEW.<c> NOTNULL AND NOT ST_IsEmpty(NEW.<c>))
BEGIN
DELETE FROM rtree_<t>_<c> WHERE id = OLD.<i>; INSERT OR REPLACE INTO rtree_<t>_<c> VALUES (
NEW.<i>,
ST_MinX(NEW.<c>), ST_MaxX(NEW.<c>), ST_MinY(NEW.<c>), ST_MaxY(NEW.<c>)
);

END;

/* Conditions: Update of any column
Row ID change Empty geometry
Actions	: Remove record from rtree for old and new rowid */ CREATE TRIGGER rtree_<t>_<c>_update4 AFTER UPDATE ON <t>
WHEN OLD.<i> != NEW.<i> AND
(NEW.<c> ISNULL OR ST_IsEmpty(NEW.<c>))
BEGIN
DELETE FROM rtree_<t>_<c> WHERE id IN (OLD.<i>, NEW.<i>); END;

/* Conditions: Row deleted



Actions	: Remove record from rtree for old rowid */ CREATE TRIGGER rtree_<t>_<c>_delete AFTER DELETE ON <t> WHEN old.<c> NOT NULL
BEGIN
DELETE FROM rtree_<t>_<c> WHERE id = OLD.<id>; END;


where <t> and <c> are replaced with the names of the feature table and geometry column being indexed and <i> is replaced with the name of the feature table integer primary key column.



GeoPackage SQLite Configuration

	Setting
	Option
	Shall
/ Not (Value)
	Discussion

	compile
	SQLITE_ENABLE_RTREE
	Shall
	Rtrees are used for GeoPackage Spatial Indexes

	compile
	SQLITE_RTREE_INT_ONLY
	Not
	Rtrees with floating point values are used for GeoPackage Spatial Indexes



GeoPackage SQLite Extension

	SQL Function
	Description
	Use

	
ST_IsEmpty(geom. Geometry): INTEGER
	Returns 1 if geometry value is empty, 0 if not empty, NULL if geometry value is NULL.
	
Test if a geometry value corresponds to the empty set

	
ST_MinX(geom. Geometry) : REAL
	Returns the minimum X value of the bounding Envelope of a Geometry
	Update the spatial index on a geometry column in a feature table.

	
ST_MaxX(geom. Geometry) : REAL
	Returns the maximum X value of the bounding Envelope of a Geometry
	Update the spatial index on a geometry column in a feature table.

	
ST_MinY(geom. Geometry) : REAL
	Returns the minimum Y value of the bounding Envelope of a Geometry
	Update the spatial index on a geometry column in a feature table.

	
ST_MaxY(geom. Geometry) : REAL
	Returns the maximum Y value of the bounding Envelope of a Geometry
	Update the spatial index on a geometry column in a feature table.



The SQL functions on geometries in this SQLite Extension SHALL operate correctly on extended geometry types specified by Annex J and/or Annex K when those extensions are also implemented.
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image5.emf
table_name srs_id min_x min_y max_x max_y

sample 3395 -20037508.34 -20037508.34 20037508.34 20037508.34


image6.emf
table_namezoom_levelmatrix_widthmatrix_heighttile_widthtile_heightpixel_x_sizepixel_y_size

sample 1 2 2 256 25678271.5169678271.51696

sample 2 4 4 256 25639135.7584839135.75848
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image8.emf
id zoom_level tile_column tile_row tile_data

1 1 1 0BLOB

2 2 2 0BLOB

3 2 3 0BLOB

4 2 2 1BLOB

5 2 3 1BLOB
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UPS North (Full Tiling)

This section and the next specify the tiling scheme for zoom-able tiled raster graphics, when the
map projection is the polar stereographic projection. This was specified in SIG.0014_1.0_PROJRAS
but is amended here.

The map projection is Universal Polar Stereographic (UPS) or EPSG::5041 , but with these limits
for the UPS coordinates (x, y):

—14 440 759.350252 < x < 18 440 759.350252
—14 440 759.350252 < y < 18 440 759.350252

In the UPS system, the north Pole is assigned the coordinates x = 2 000 000, y = 2 000 000.
The above projection limits can be expressed another way to show the symmetry about the Pole:

—16 440 759.350252 < x — 2 000 000 < 16 440 759.350252
—16 440 759.350252 < y — 2000 000 < 16 440 759.350252

The formulas for UPS grid coordinates, given the latitude and longitude, are available in many
places, including the NGA document, SIG.0012_2.0.0_UTMUPS. In this application of UPS
coordinates, negative values are allowed.

The above limits are calculations based on the stipulation that the level O tile (a square) will be
tangent on all four sides to the circle at latitude 15°S. This is shown in Fig. 1. More detail is given
in Fig. 2.

l— 15°S parallel

+

North Pole

Fig. 1. The UPS plane showing the tile (square) on zoom
level 0. This is the portion of the world to be tiled. The
tile is tangent on all four sides to the parallel circle of
latitude 15°S.

The tiling scheme is given as follows:
. Tiles are squares with 256 pixels on a side
. Successive zoom-levels are built by dividing each tile in half, both horizontally and
vertically to get twice as many tiles across and twice as many tiles down




image10.png
. At zoom level 0 there is only one tile. It spans the limits of the projection given
above.

The tiles are organized into rows and columns. At every zoom level, row O is at the top and
column 0 is at the left. Fig. 3 shows the arrangement of tiles for zoom level 1. Fig. 4 shows the
same for zoom level 2.
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Fig. 2. The outside square is the single tile for zoom level 0. Its center is the
north Pole with UPS coordinates (x,y) = (2000 000,2 000 000). Zoom
level 1 is obtained by dividing it into 4 squares that abut each other along the
90°W, 0°E, 90°E, and 180°E meridians. The labels on the x- and y- axes are
millions of meters, and UPS grid lines are shown every one million meters.
Shown in blue are meridians and parallels at 15° intervals from the Prime
Meridian and Equator, respectively. Small pieces of the 30°S parallel are shown.
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Fig. 3. Numbering of tile rows and tile columns for zoom level 1.
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Fig. 4. Numbering of tile rows (r) and tile columns (c) for zoom level 2.
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For each zoom level n, there are 2" tiles across and 2" tiles down. Each tile is 256 pixels across
by 256 pixels down. Therefore, the total number of pixels at zoom-level n that lie on the x-axis
between x = —14 440 759.350252 and x = 18 440 759.350252 (an interval of length of
32881 518.700504 is 256 * 2™ = 28, The ratio of meters on the x-axis to pixels on the x-axis
is therefore:

32881 518.700504

s meters/pixels

The meters/pixel ratio for the y-axis is the same. One pixel on the x- or y-axis is the above
number of meters. One pixel on the small-device screen is assumed to be 0.28 mm. Thisis a
conventional number, and treated as if its accuracy was 0.2800000000000000 mm. These
numbers and formulas lead to the quantity “Scale Denominator” used in the XML examples in
the WMTS standard, as follows:

1 meters/pixel on device

Scale Denominator meters/pixel on x- or y- axis

0.00028
32881 518.700504

2n+8

_0.00028 * 2"*8
"~ 32881518.700504

Therefore:

32881518.700504

Scale Denominator = 0.00028 » 2778

Example 1. At zoom level n = 5, the scale denominator is 14335204.51158959. Multiplying this by the
device’s nominal pixel size of 0.28 mm gives 4013.857263245084 meters/pixel.

The above discussion of scale was confined entirely to the pixel size on the device, to the pixel’s
extent on the UPS projection plane, and to the ratio between these. No mention of latitude was
necessary. To relate the pixel size to a length on the Earth (i.e. the WGS 84 ellipsoid model of the
Earth), where latitude is a dependency, see Table (TBD) or use the fact that Table 4 of
NGA.SIG.0014_1.0_PROJRAS is relatively correct between latitudes. Here are some examples:

Example 2. At zoom level n =5, the ratio, meters(map)/pixel is 4013.857263245084 as explained in
Example 1. At the Pole, the ratio, meters(Earth)/pixel, is this number adjusted upwards by division by the
UPS scale number 0.994 (exact). The result is 4038.085777912559.




image13.png
Example 3. At zoom level n = 5, the ratio, meters(Earth)/pixel, for latitude 60°N is 3767.81. This number
Table4at60 _ 4214.27 _ 0.933069

can be computed as the value at the Pole (see Example 2) times the ratio Tabledawo0 — 251657

UPS South (Full Tiling)

The situation for UPS South is similar to the foregoing. The EPSG code is EPSG::32761. The x-
and y- limits of the projection are the same. It is symmetric in every way to UPS North, except,
of course, the geography is different. Fig. 5 shows the portion of the world covered:
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Fig. 5. The outside square is the single tile for zoom level 0. Its center is the
south Pole with UPS coordinates (x,y) = (2000 000,2 000 000). Zoom
level 1 is obtained by dividing it into 4 squares that abut each other along the
90°W, 0°E, 90°E, and 180°E meridians. The labels on the x- and y- axes are
millions of meters, and UPS grid lines are shown every one million meters.
Shown in blue are meridians and parallels at 15° intervals from the Prime
Meridian and Equator, respectively. Small pieces of the 30°N parallel are
shown.
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image17.emf
table_name zoom_level matrix_width matrix_height tile_width tile_height pixel_x_size pixel_y_size

sample 0 2 1 256 256 0.703125 0.703125

sample 1 4 2 256 256 0.3515625 0.3515625

sample 2 8 4 256 256 0.17578125 0.17578125
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image19.emf
id zoom_level tile_column tile_row tile_data

1 0 1 0BLOB

2 1 2 0BLOB

3 1 3 0BLOB

4 1 2 1BLOB

5 1 3 1BLOB

6 2 4 0BLOB

7 2 4 1BLOB

8 2 4 2BLOB

9 2 5 0BLOB

10 2 5 1BLOB

11 2 5 2BLOB

12 2 6 0BLOB

13 2 6 1BLOB

14 2 6 2BLOB

15 2 7 0BLOB

16 2 7 1BLOB

17 2 7 2BLOB
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