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Introduction

The Implementation Profile for High Resolution Elevation (HRE) Products describes the data
content, structure and metadata requirements required to create a suite of raster elevation data
products. These products are defined within this document as a set of spatial resolution layers
and are named High Resolution Elevation (HRE) data. HRE data is intended for a wide variety
of National Geospatial-Intelligence Agency (NGA) and National System for Geospatial
Intelligence (NSG) partners and members, and customers external to the NSG, to access and
exploit standardized data products. HRE data replaces the current non-standard High
Resolution Terrain Elevation/Information (HRTE/HRTI) products and also replaces non-standard
products referred to as DTED level 3 thru 6. This profile is not intended to replace standard
DTED 0, 1 and 2 products which will continue to be supported by NGA.

The intent of this profile is to increase the level of interoperability with and between
organizations producing and using topographic elevation data within the elevation community of
interest. The elevation data described in this implementation profile is typically used for mission
planning, terrain modeling and other related applications. Elevation data is often fused with
other Geospatial products to provide enhanced visualization capabilities for analysts and
mission planners.
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1. Scope

The Implementation Profile for High Resolution Elevation (HRE) Products has been developed
by NGA to support the requirement for a uniform, orthogonal grid-based geospatial elevation
topographic model for a wide range of geospatial resolutions. The profile specifies the content,
structure, and format for NGA gridded topographic (land) elevation datasets in support of data
discovery, access, processing, exploitation, and exchange.

The Implementation Profile for High Resolution Elevation (HRE) Products is an integral part of
the overall NGA elevation strategy to adopt a two-tiered architecture. This architecture enables
storage and accessibility of native format high resolution data from a variety of sources that can
then be used to create a suite of standard elevation product layers for the traditional geospatial
customer. These standard products are addressed by this profile. This architecture will also
enable customers within the NSG to access and exploit the native format data to create custom
products for specific intelligence/application requirements. These custom products may or may
not be addressed by this profile depending on the mission specific nature of the requirement.

This profile defines the elevation data content and structure, spatial resolution, format, accuracy
and metadata for HRE data. HRE data share a common file format and encoding, common
guality/accuracy definitions, as well as common metadata elements. The profile is designed
primarily for a bare earth or reflective surface models. It does not address the design or
implementation of a database to store native format data.

This profile is authored and maintained by NGA and will be reviewed on a periodic basis and
updated in concert with advances in technology and subsequent advances in data sources and
production capabilities.

2. Conformance

Any application or system claiming conformance for generating data in compliance with this
implementation profile shall meet the following criteria for data conformance.

2.1. File Format

The data file format and structure is as specified by NITF version 2.1, and as further constrained
by this profile. The data complies with the NITF version 2.1 compliance criteria specified in NGA
document, NO105 - National Imagery Transmission Format Standard (NITFS) Standards
Compliance and Interoperability Certification Test and Evaluation Program Plan, that pertain to
the NITFS features, options and capabilities selected for use in this profile.

2.2. Completeness

All field values and data elements defined as mandatory (required) are present and populated
with meaningful values as defined by the profile. All field values and data elements defined as
conditional are present, and meaningfully populated, when the conditions described in the

profile apply.
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2.3. Maximum occurrence (all levels of obligation)
Each field value and data element occurs no more than the number of times specified.

2.4. Data Type (all levels of obligation)
The value of each provided field value and data element adheres to the data type specified.

2.5. Domain (all levels of obligation)
The values of each field value and data element fall within the specified domain.

2.6. Schema (XML-instance data only, all levels of obligation)
Each data element is contained within the specified schema entity.

Note 1: Minimum conformance requires that the supplemental metadata instance (XML)
documents can be validated without error against the XML schemas defined by this profile.
While many tools are available to test validation of XML instance documents against provided
XML Schemas, it is important to understand that not all validation tools implement the full W3C
XML Schema recommendation and not all validation tools interpret the W3C XML Schema
recommendation in the same manner. It is recommended that a tool with strict interpretation of
XML Schema and full support for the W3C XML Schema recommendation be used to ensure
conformance.

Note 2: Validation of XML instance documents against the schemas described in this document
is not all that is required for conformance to this profile. A property element is designed to have
content (by-value) or attributes (by-reference or NULL with reason).

However, because of the design, the property element may have no content or attributes, or it
may have both content and attributes and still be XML Schema-valid. It is not possible to
constrain the co-occurrence of content or attributes. Some mechanism in addition to an XML
Schema validation must be used to restrict a property to be exclusively by-value, or by-
reference, or expressing a NULL reason.

Note 3: XML Schema does not support the enforcement of certain types of constraints
documented in this profile. For example, conditional constraints to force selection of one or more
items from a list of optional items are not always enforceable within XML schema. Neither are
co-constraints enforceable such as requirements to include elements based on values
contained in other elements. These conditions must be evaluated through inspection.

2.7. Horizontal Accuracy

Datasets conform to the predefined thresholds (Tables 8-1 and 8-2) for horizontal accuracy. An
absolute horizontal accuracy estimate is reported for each dataset.

2.8. Vertical Accuracy

Datasets conform to the predefined thresholds (Tables 8-3 and 8-4) for vertical accuracy. An
absolute vertical accuracy estimate is reported for each dataset.
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2.9. Production Specific Guidance

When production specific guidance is provided, dataset content complies with the provisions of
the guidance.

3. Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

NGA.STND.0012-1_ 2.1 National System for Geospatial Intelligence Metadata Foundation
(NMF) Part 1: Core, 26 March 2012

NGA.STND.0012-3 1.0.0 National System for Geospatial Intelligence Metadata Foundation
(NMF) Part 3: Metadata for Imagery and Gridded Data, 31 July 2012

NGA.STND.0033_1.0 Geopolitical Entities, Names and Codes Standard, Version 1.0

NGA.IP.0008 1.0 The Universal Lidar Error Model (ULEM): Implementation and Exploitation,
2013-01-22, Version 1.0

MIL-STD-2500C National Imagery Transmission Format Version 2.1

STDI-0002-1_4.0 Compendium of Controlled Extensions for the National Imagery
Transmission Format (NITF) Volume 1, Tagged Record Extensions

STDI-0002-2_4.0 Compendium of Controlled Extensions for the National Imagery
Transmission Format (NITF) Volume 2, Data Extension Segments

ISO 19107:2003 Geographic information — Spatial schema

ISO 19115:2003 Geographic information - Metadata

ISO 19115-2:2008 Geographic information - Metadata: Extensions for imagery and gridded
data

ISO 19123:2005 Geographic information - Schema for coverage geometry and functions

DGIWG 116-1 Defence Geospatial Information Working Group Elevation Surface Model
Standardized Profile, Version 1.0.1

4. Terms and definitions

4.1. Terms and definitions

4.1.1. Absolute Horizontal Accuracy

Statistical evaluation of all random and systematic errors encountered in determining the
horizontal position of a single data point with respect to a specified geodetic horizontal reference
datum, expressed as a circular error at the 90 percent probability level (CE90). [adapted from
DMA-TR-8400.1].

4.1.2. Absolute Vertical Accuracy

Statistical evaluation of all random and systematic errors encountered in determining the
elevation of a single point with respect to a vertical reference datum, expressed as a linear error
at the 90 percent probability level (LE90). [adapted from DMA-TR-8400.1].

4.1.3. Accuracy
Closeness of agreement between a test result and the accepted reference value.
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[1S019113]

4.1.4. Continuous Coverage

Coverage that returns different values for the same feature attribute at different direct positions
within a single spatial object, temporal object, or spatiotemporal object in its domain.

[1ISO 19123]

4.1.5. Coordinate
One of a sequence of numbers designating the position of a point in N-dimensional space.
[ISO 19111]

4.1.6. Coordinate Reference System
Coordinate system which is related to the real world by a datum.
[1ISO 19111]

4.1.7. Coverage

A feature that acts as a function to return values from its range for any direct position within its
spatial, temporal, or spatiotemporal domain.

[1ISO 19123]

Examples include a digital image, polygon overlay, or digital elevation matrix.

NOTE: In other words, a coverage is a feature that has multiple values for each attribute type,
where each direct position within the geometric representation of the feature has a single value
for each attribute type.

4.1.8. Data Compression

Compression reduces the amount of storage space required to store a given amount of data, or
reducing the length of message required to transfer a given amount of information.

[ANS T1.523-2001]

4.1.9. Dataset
Identifiable collection of data.
[1SO 19115:2003]

4.1.10. Direct Position

Position described by a single set of coordinates within a coordinate reference system.
[ISO 19107]

4.1.11. Elevation
Distance measured along a plumb line between a point and the geoid, upward is positive (+),
downward is negative (-).

NOTE The elevation of a point is normally the same as its orthometric height. This is the
“official” geodesy definition of elevation, but the term “elevation” is also used more generally for
height above a specific vertical reference, not always the geoid.

4.1.12. Feature
Abstraction of real world phenomena.
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[1SO 19101]

4.1.13. Feature Attribute
Characteristic of a feature.
[1ISO 19109]

NOTE: A feature attribute type has a name, a data type and a domain associated to it. A
feature attribute instance has an attribute value taken from the value domain of the feature
attribute type.

4.1.14. Geometric Object
Spatial object representing a set of direct positions.
[ISO 19107]

NOTE: A geometric object consists of a geometric primitive, a collection of geometric primitives,
or a geometric complex treated as a single entity. A geometric object may be the spatial
characteristics of an object such as a feature or a significant part of a feature

4.1.15. Grid

Network composed of two or more sets of curves in which the members of each set intersect the
members of the other sets in a systematic way.

[ISO 19123]

NOTE: The curves partition a space into grid cells.

4.1.16. Grid Point
Point located at the intersection of two or more curves in a grid.
[ISO 19123]

4.1.17. Height
Distance of a point from a chosen reference surface measured (upward +, downward -) along a
line perpendicular to that surface.

NOTE: Height is distinguished from elevation in that it is a directional measurement.

4.1.18. Point
0-dimensional geometric primitive, representing a position.
[ISO 19107]

4.1.19. Predicted Error
Measure of the likely error at a point, often assumed (but not required) to be normally distributed
in nature and often provided as a variance (1-D case) or covariance matrix (otherwise).

4.1.20. Random Error

Random errors are those not classified as blunders, systematic errors, or periodic errors. They
are numerous, individually small, and each is as likely to be positive as negative. [MIL-HDBK
850]

4.1.21. Random Horizontal Error
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Combination into a 2D error of variations remaining observable in the x and y components of the
HRE dataset after blunders, biases, and systematic errors have been accounted for.

Random HE = [((Xmeas — Hax )_ Xtrue)2 + ((Ymeas — Hay )_Ytrue)2 ]UZ

4.1.22. Random Vertical Error
Variations remaining observable in the vertical component of the HRE dataset after blunders,
biases, and systematic errors have been accounted for.

Random VE = (Z meas — Haz )_ Ztrue

4.1.23. Record
Finite, named collection of related items (objects or values).
[1ISO 19107]

NOTE: Logically, a record is a set of pairs <name, item >.

4.1.24. Relative Accuracy

Evaluation of the random errors in determining the position of one point or feature with respect
to another.

[adapted from MIL-HDBK 850]

4.1.25. Relative Horizontal Accuracy

Statistical evaluation of all random errors encountered in determining the horizontal position of
one data point with respect to another , expressed as a circular error over a specified distance at
the 90 percent probability level. [adapted from DMA-TR-8400.1]

4.1.26. Relative Vertical Accuracy

Statistical evaluation of all random errors encountered in determining the elevation of one data
point with respect to another, expressed as a linear error over a specified distance. [adapted
from DMA-TR-8400.1]

4.1.27. Tessellation

Partitioning of a space into a set of conterminous geometric objects having the same dimension
as the space being partitioned.

[1ISO 19123]

4.1.28. Vector

Quantity having direction as well as magnitude.

[ISO 19123]

NOTE: A directed line segment represents a vector if the length and direction of the line

segment are equal to the magnitude and direction of the vector. The term vector data refers to
data that represents the spatial configuration of features as a set of directed line segments.

4.2. Symbols and abbreviated terms

CE90 - Circular Error measured at the 90% confidence interval.

DEM - Digital Elevation Model
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DSM - Digital Surface Model

DTEM - Digital Terrain Elevation Model
EGM - Earth Gravitational Model

ETS — Executable Test Suite

HRE — High Resolution Elevation data

HREGP — High Resolution Elevation Geographic Projection
(see Section 5.4)

HRE80-HREO1 — High Resolution Elevation Universal Transverse Mercator Projection
(see Section 5.4)

LE90 — Linear Error measured at the 90% confidence interval.
LSB — Least Significant Bit

MSB — Most Significant Bit

MSL — Mean Sea Level

NITF — National Imagery Transmission Format

UTM - Universal Transverse Mercator coordinate system

WGS-84 — World Geodetic System 1984

5. Data Content and Structure

The High Resolution Elevation (HRE) data structure is a uniform, orthogonal grid-based
geospatial elevation topographic model. The Implementation Profile for High Resolution
Elevation (HRE) Products supports a wide range of geospatial resolutions. The profile supports
geographic (HREGP) and Universal Transverse Mercator projections (HRE80-HREO1), multiple
spatial resolutions, and multiple elevation data coverages where the various coverages allow for
different surface classifications, such as reflective surface or bare earth.

5.1. Grid Structure

A grid structure is the most common geospatial data model used for modeling topographic

elevation data. The HRE grid structure is represented by a collection of regularly or uniformly
spaced points as shown in Figure 5.1. This structure provides several advantages over other
types of elevation geospatial data models in that a regular spacing of elevation points requires
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that only one elevation point be referenced to a horizontal coordinate. From this one point and
its horizontal coordinate value and the ground sampling distance (GSD) between grid elevation
points, the horizontal coordinate values of all other points can be determined. This eliminates
the need to explicitly define the horizontal coordinate values of each elevation point and helps to
minimize file size. The grid structure is also an efficient structure for data processing.

Within a HRE dataset, only one grid spatial resolution will be represented. The grid point
locations for each elevation value are fixed within the coordinate system. The minimum grid
sampling distance (see Table 5.1 and Table 5.2) should be chosen to most efficiently represent
the resolution of the source native dataset. Grids may not model all terrain features smaller or
narrower than the grid spacing when the feature lies between grid points.

»

Point 1

,m,m,m,_,m,“mkn

‘_,_,_._
Column m
> o o
|
|
.— —————— Row n
v l
!
Column 1 Figure 5-1 HRE Grid Structure

HRE grid records are structured in row major order such that the sequential order of the data
within each record comprises a row of data for which the horizontal coordinates of each
elevation point for that row has the same northing coordinate value. The records are sequenced
north to south (1 to n) by a distance Ay, such that the first record in the dataset is the northern
most row and subsequent records are the rows sequentially ordered to the south. The first
elevation point value in a record is the western most elevation point for that row / record with
subsequent elevation point values progressing west to east a distance Ax. The last elevation
point value in the dataset is the elevation point in the southeastern most location. See Figure
5.1 — HRE Grid Structure.

5.2. Grid Point Coordinate locations

HRE grid points are 0-dimensional geometric primitives representing a coordinate location that
is defined by the intersections of the curves that make up the grid.
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HRE grid point coordinate locations shall adhere to a set of predefined elevation point locations
within the horizontal coordinate reference system. This is to ensure points from different
datasets with overlapping horizontal spatial extents are horizontally coincident.

5.2.1. Geographic Point Locations

For geographic data the predefined reference origin is the elevation point at the southwest
corner elevation point of the one degree cell in which the southwest corner of the HREGP data
is located. The origin must be evenly divisible by the GSD to ensure alignment between
datasets. If the point spacing is specified as {A@, AA } and the southwest corner of dataset with
which it is associated is {¢, A} then point location coordinates will be defined at {@+ j*Ag, A+
i*AA} [NOTE: the data are stored in row/column order] The values i and j are integer values of
points in the Longitude and Latitude direction (respectively), +i*AA signifies an easterly direction
from the origin and +j*A¢ signifies a northerly direction from the origin. See Figure 5.2 —
Example of geographic projected point locations.
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Figure 5-2 Example of Origin and Point Locations for Geographic Data
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5.2.2. UTM Point Locations

For a HRE data file, the reference origin for UTM products will be the origin of the UTM zone in
which the HRE data is located. UTM zone origins are specified by the intersection of the UTM
zone central meridian with the equator. This intersection is assigned the UTM coordinates
500000.0 E, 0.0 N for zones in the northern hemisphere and coordinates 500000.0 E,
10000000.0 N for zones in the southern hemisphere. If the point spacing of a given HRE level
is specified as {AE, AN}, then points for a HRE Level in the Northern hemisphere will be defined
at {500000+ i*AE, 0+ j*AN}. The values i and j are integer values of points in the Easting and
Northing direction (respectively), +i*AE signifies an easterly direction from the central meridian, -
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i*AE signifies a westerly direction from the central meridian, and +j*AN signifies a northerly
direction from the equator. In a similar fashion, points in the Southern hemisphere are specified
by {500000+ i*AE, 10000000- j*AN}, where i and j are integer values of points in the Easting and
Northing direction (respectively),+i*AE signifies an easterly direction from the central meridian, -
i*AE signifies a westerly direction from of the central meridian, and -j*AN signifies a southerly
direction from the equator [NOTE: the data are stored in row/column order — see B.1.8].
Adhering to this system will assure that coincident points are maintained across the various
HRE levels within a zone. This will allow for direct comparison between datasets and direct
decimation of high-resolution data to lower resolutions. See Figure 5.3 Example of UTM Point
Locations in Northern Hemisphere

Central Meridian
of UTM Zone

|
A LEGEND

0.5m PS

A 1mPS

0 2m PS

4dm PS

0+j*AN
o 8m PS
: f Equator
;...;.@.;. : ‘;@;"';‘@:;:@:;
<«——— 500000-i*AE —— 500000+i*AE —»

Figure 5-3 Example of UTM Point Location In Northern Hemisphere

Note that the various symbols represent different HRE levels, but illustrate collocated points.

5.3. Product Name/Level:

HRE data Product Names and Levels are associated with the dataset projection and spatial
resolution. Table 5.1 identifies the 8 HRE levels and the associated product name.

5.4. Horizontal Spatial Extent and Projection

The horizontal spatial extent of HRE data vary based on a number of factors. These factors can
include but are not limited to spatial resolution, geographic location, customer requirements and
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file size limitations (see Section 12.3 — File Size Estimates). Typically as the horizontal spatial
resolution of the data set increases (points are closer together geographically) the horizontal
spatial extent decreases in size.

e HREGP data are cast on a geographic projection and primarily cover large geospatial areas
(nominally region sized). HREGP products are typically tiled (not do be confused with NITF
blocks which are sometimes referred to as tiles) to allow them to be joined into these large
area configurations. HREGP dataset horizontal and vertical values will be horizontally and
vertically coincident at the dataset edges. That is, the adjacent HREGP product coincident
points horizontal coordinates and vertical elevation values will be the same.

e HRES80-HREO1 data are cast on the Universal Transverse Mercator projection and primarily
cover localized area dataset extents. HRE80-HREOQ1 datasets are designed to be spatially
contained within a single UTM zone. Adjacent datasets within one UTM zone will be
horizontally coincident at the dataset edge but adjacent dataset in adjacent UTM zones will
not be horizontally coincident at the dataset edge. Vertical elevation values may (not
required) match across HRE80-HREOQ1 levels for the same geographic area or elevation
point.

5.5. Horizontal Spatial Resolution

HREGP datasets have a horizontal spatial latitudinal resolution of 0.4 arc-seconds and a varying
longitudinal resolution of 0.4 to 2.4 arc seconds based upon latitude (see Table 5.2). HRES80-
HREO1 datasets have 7 levels of spatial resolutions; where in ascending HRE level order, the
spatial resolution of a particular level is twice that of the previous level and in descending HRE
level order, half that of the previous level (see Table 5.1 HRE Level Point Spacing). This
enables horizontal coordinates for elevation to be consistent across HRE Levels. For the sake
of clarity, the product names will be used throughout this document to distinguish the differences
among the levels.

Table 5-1 HRE Level Point Spacing

Level | Product Name | Horizontal Grid spatial resolution | Horizontal Units
1 HREGP 0.4 arc-seconds
2 HRES80 8 meters
3 HRE40 4 meters
4 HRE20 2 meters
5 HRE10 1 meters
6 HREOQO5 0.50 meters
7 HREOQO2 0.25 meters
8 HREO1 0.125 meters
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With convergence of meridians in higher latitudes, the longitudinal arc-second point

spacing of the HREGP product varies as a function of latitude and is defined in five
zones of latitude shown below in Table 5-2 HREGP Point Spacing

Table 5-2 HREGP Point Spacing

Zone Latitude Range in Degrees Latitudinal Longitudinal grid
grid point point spacing
spacing (arc (arc seconds)
seconds)
1 00-50 North-South 0.40 0.40
2 50-70 North-South 0.40 0.80
3 70-75 North- South 0.40 1.20
4 75-80 North-South 0.40 1.60
5 80-90 North-South 0.40 2.40

6. Elevation Values and Units

HRE elevation values will contain valid elevation values and may contain null (no-data) values.

6.1. Valid Elevation values

Valid elevation point values exist in geographic areas where the elevation point value can be
accurately determined. For grid points with valid elevations, the data type will be specified in the
Pixel Value Type (PVTYPE) field in the HRE NITF Image Subheader. All numeric values are
encoded in Most Significant Byte (MSB) first order known as the "big endian™ convention.

e Valid elevation values for HREGP data shall be a signed 16 bit integer value. The
PVTYPE value shall be Sl (Signed Integer) designating that the data values are encoded
using 2’s complement representation. The Sl type indicates the data bits shall appear in
the file in order of significance, beginning with the MSB and ending with the LSB.

e Valid elevation values for HRE80-HREO1 shall be a 32 bit floating point value. The
PVTYPE value shall be R. The data values shall be represented according to IEEE 32-
bit floating point representation (IEEE-754).

6.2. Null Values

Null (No-Data) values are used for geographic areas when the elevation point values cannot be
accurately determined due to various factors, often related to source anomalies, metrological or
topography related conditions. Reasons for Null Values may be because of image cloud cover,
shadows or obscuration due to topographic conditions. The Null value, when used, will be

13 of 141



Implementation Profile for High Resolution Elevation (HRE) Products
Version 1.1, (2014-04-15)

specified in the NITF Image Data Mask Table, Pad Output Pixel Code (TPXCD) field in the HRE
NITF Image Subheader for Elevation Data.

e Null values for HREGP data will be a signed 16 bit integer value encoded as
hexadecimal 0x8001, decimal -32767.

e Null values for HRE80-HREO1 data will be an IEEE-754 floating point value encoded as
hexadecimal OXFFFFFFFF. This value is not in the range of valid IEEE-754 floating point
numbers and is known as “Not a number” (NaN).

6.3. Vertical Units of Measure

The vertical unit of measure for HREGP elevation points shall be integer meters. The vertical
unit of measure for HRE80-HREO1 shall be decimal meters. The unit of measure code ‘M’ will
be specified in the Band Subcategory (ISUBCATO1) field in the HRE NITF Image Subheader.

7. Reference Datums

7.1. Horizontal Reference Datum

The Horizontal reference datum for HRE data shall be the World Geodetic System - WGS-84
and the specific epoch will be identified in metadata.

7.2. Vertical Reference Datum

The baseline vertical reference datum for all HRE data stored at NGA will be ellipsoid height as
defined by WGS-84. HRE data may optionally be distributed to customers referenced to the
current Earth Gravitational Model (EGM) implementation of WGS-84. Metadata will be
populated to indicate the vertical reference system.

8. Data Quality

HRE data quality characteristics are defined by five factors: (1) point spacing, (2) random
horizontal error per point, (3) relative horizontal accuracy between points, (4) random vertical
error per point, and (5) the relative vertical accuracy between points. Additionally, goal levels for
absolute horizontal and vertical accuracy have been established. The specifics of these
accuracy requirements are provided in the following sections. Optional accuracy information for
per point and regional error estimates are also provided in Section 14.4

8.1. Horizontal Accuracy:

HRE elevation datasets shall conform to the predefined thresholds for horizontal accuracy.
Randomly selected datasets may be tested to assure that the random horizontal error per point
and relative horizontal accuracy between points meets or exceeds the thresholds detailed in
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Table 8-1 and Table 8-2. Additionally, there is a goal that the absolute horizontal accuracy meet
or exceed the values established in Table 8-1 HREGP Horizontal Accuracy Requirements and
Table 8-2 HREB0-HREO1 Horizontal Accuracy Requirements. Although not required to meet a
threshold requirement an absolute horizontal accuracy estimate will be reported for each data

set.

Version 1.1, (2014-04-15)

Table 8-1 HREGP Horizontal Accuracy Requirements

Product Spatial Random Relative Goal: Absolute
name resolution | Horizontal Error | Horizontal Horizontal
in arc Per Point (o — | Accuracy Accuracy CE90
seconds meters) Between (meters)
Points (Ry -
meters)
HREGP 0.4 4.4 12.4 15.0

Table 8-2 HREB0-HREO1 Horizontal Accuracy Requirements

Product Grid Random Relative Goal: Absolute
Name spatial Horizontal Horizontal Horizontal
resolution | Error Per Point | Accuracy Accuracy CE90
in meters | (oy— meters) Between (meters)
Points (Rp -
meters)
HRES80 8 2.83 8.00 10.00
HRE40 4 1.41 4.00 5.00
HREZ20 2 0.71 2.00 3.00
HRE10 1 0.35 1.00 2.00
HREO5 0.50 0.18 0.50 1.00
HREO2 0.25 0.09 0.25 0.50*
HREO1 0.125 0.04 0.125 0.25*

Horizontal Accuracy notes:

1. The random horizontal error is the random circular error at point (reported at 90%
confidence)
2. The Relative Horizontal Accuracy (point-to-point) between points is calculated at the

90% confidence interval.

3. The relative (point-to-point) horizontal accuracy is based on a distance (“D”) which is

determined by the size of a standard HRE dataset at a given HRE Level. “D” is

defined as the maximum radial distance between any two points in the said tile. The

relative error is expected to vary as a function of distance between points, and its
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value ranges from R, for points within one point spacing to the table value for points
at distance “D”.

4. The absolute horizontal accuracy is a goal value, but not a requirement. Although
not required to meet a threshold, the Absolute Horizontal Accuracy should be
reported in the metadata and is measured at the 90% confidence interval as a CE90.

5. Relative Horizontal Accuracy and random horizontal error may be difficult to assess
in the coarse datasets. In these datasets, very large targets (which may not be
available) would be required for such assessment. Therefore, the relative horizontal
accuracy may not be evaluated for HREGP, HRE80 and HRE40 (Levels 1, 2, and 3).

*Note: These absolute horizontal accuracy values may be beyond current capabilities.

8.2. Vertical Accuracy:

HRE products at a given Level, shall conform with the predefined thresholds for vertical
accuracy. Randomly selected datasets will be tested to assure that the random vertical error
per point and relative vertical accuracy between points meets or exceeds the thresholds detailed
in the tables below. Additionally, there is a goal that the absolute vertical accuracy meet or
exceed the values established in Table 8-3 HREGP Vertical Accuracy Requirements and Table
8-4 HRE80-HREO1 Vertical Accuracy Requirements

Table 8-3 HREGP Vertical Accuracy Requirements

Product Spatial Random Relative Goal: Absolute
Name resolution | Vertical Error Vertical Vertical
in arc Per Point (oy— Accuracy Accuracy LE9O
seconds meters) Between (meters)
Points (Ry -
meters)
HREGP 0.4 2.2 6.2 12.4

Table 8-4 HREB0-HREOL Vertical Accuracy Requirements

Product Grid Random Vertical Relative Goal: Absolute
Name spatial Error Per Point (o, | Vertical Vertical
resolution | — meters) Accuracy Accuracy LE9O
in meters Between (meters)
Points (R, -
meters)
HRES80 8 1.41 4.00 8.00
HRE40 4 0.71 2.00 4.00
HRE20 2 0.35 1.00 2.00
HRE10 1 0.18 0.50 1.00
HREOQO5 0.50 0.09 0.25 0.50
HREOQ2 0.25 0.04 0.12 0.25
HREO1 0.125 0.02 0.06 0.12
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Vertical Accuracy notes:

1. The random vertical error per point is the random linear error per point (reported at
90% confidence)

2. The Relative Vertical Accuracy (point-to-point) between points is defined at the 90%
confidence

3. The relative (point-to-point) vertical accuracy is based on a distance (“D”) which is
determined by the size of a standard HRE tile at a given HRE Level. “D” is defined as
the maximum radial distance between any two points in the said tile. The relative
error is expected to vary as a function of distance between points, and its value
ranges from R, for points within one point spacing to the table value for points at
distance “D”.

4. The vertical accuracies described above are based on low to medium relief areas
(predominant slope from 0 to 20 percent) within the data cell. In areas where the
predominant slope exceeds 20 percent, the vertical accuracies listed in the table
above can be scaled by 1.4 to account for increased inaccuracies.

5. The Absolute Vertical Accuracy is a goal value, but not a value that is required to
meet a threshold in a HRE product. Although not required to meet a threshold, the
Absolute Vertical Accuracy is measured at the 90% confidence interval as a LE90
and should be reported in the metadata.

9. Data Capture

HRE datasets are a derived dataset and may be generated from a variety of sources and
production processes. Resolution and accuracy are critical criteria when deriving datasets.
Where deemed necessary or appropriate, finer resolution elevation datasets may be used to
derive coarser resolution elevation datasets, however coarser resolution datasets must not be
used to derive finer resolution datasets. Equally only elevation datasets of higher accuracy shall
be used to derive elevation datasets of lower accuracy. Specific HRE data capture
requirements will be defined in product specific guidance documentation that will accompany
production assignments. Typical guidance would include specific instruction for surface type
depiction, water body portrayal, optional accuracy derivation (per point or regional) or other data
portrayal requirements.

10. Data Maintenance

HRE datasets will be maintained and updated as requirements dictate. Data maintenance
criteria will vary by data level. Higher resolution elevation data is more likely to need updates or
replacement due to the temporal nature of high resolution details.

11. Data Product Delivery

HRE elevation layers will be stored and disseminated to NGA geospatial customers using NGA
distribution capabilities and the NGA Product Gateway. Data delivery media and specific
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instruction will vary for the HRE data types. Specific instructions are documented in the product
specific guidance for HRE products.

11.1. File Naming Convention

Finished HRE datasets that are prepared for distribution will follow the file naming convention as
described below. Interim working products are not constrained by this convention. Also, data
delivery media and specific instruction will vary for the HRE data types. Specific instructions are
documented in the product specific guidance for HRE products. Table 11-1 File Name Extension
defines the standard file naming convention.

Table 11-1 File Name Extension

Level | Product Name | File Name Extension
1 HREGP .hrl
2 HREB80 .hr2
3 HREA40 .hr3
4 HRE?20 .hr4
5 HRE10 .hr5
6 HREO5 .hré
7 HREO2 .hr7
8 HREO1 .hr8

File Name:

HRErrtvwDDMMSShDDDMMSSe_cxx.hrf
Where:

HRE = HRE is fixed
rr = resolution/projection (2 character alpha-numeric projection/post spacing)
e The rr value will use letters "GP" for Geographic Unprojected Position.
e The rr value will be the truncated decimeter value of the post spacing. This value will be
from the enumerated list: 80, 40, 20, 10, 05, 02 or O1.
t = data type code (1 alpha-numeric character)
Code Key

A = optical source, unedited reflective surface
B = optical source, edited reflective surface

C = optical source, edited bare earth surface
D = Reserved for future use

E = Reserved for future use

F = IFSAR source, unedited reflective surface
G = IFSAR source, edited reflective surface
H = IFSAR source, edited bare earth surface
| = Reserved for future use

J = Reserved for future use
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K = LIDAR source, unedited first return

L = LIDAR source, unedited last return

M= LIDAR source, unedited bare earth

N = LIDAR source, edited first return

O = LIDAR source, edited last return

P = LIDAR source, edited bare earth

Q = Reserved for future use

R = Reserved for future use

S = Reserved for future use

T = SAR source, unedited reflective surface
U = SAR source, edited reflective surface
V = SAR source, edited bare earth

W = Reserved for future use

X = unidentified source, reflective surface
Y = unidentified source, bare earth surface
Z = Reserved for future use

vv = file version number

DDMMSS = SW corner of DEM (Degree, Minute, Second)

h = hemisphere (N for North, S for South)

DDDMMSS = SW corner of DEM (Degree, Minute, Second)

e = hemisphere (E for East, W for West)

¢ = security classification (T, S, C, R, U)

xX = Release Code (2 character code equal to the value of the FSCTLH field in Table A-1)
hr = hr is fixed

f = level code (see Table 11.1)

12. HRE Product Files

The HRE Product files shall consist of a number of standardized components. Some HRE
components are required, while other components are optional depending on mission
requirements. The required components, as shown in Table 12-1, are those directly associated
with expressing the elevation matrix data and associated metadata in an NITF 2.1 file. The
optional HRE components include Shapefile data, and NITF segments and XML metadata
modules supporting error propagation.

12.1. HRE NITF files
NITF Headers and Extensions are detailed in Annex A.

Each HRE NITF file shall contain:
e File Header
Extended Header Data to include the PIAPRD Tagged Record Extension (TRE)
Image Subheader for DEM Height Data
DEM Height Data
XML Metadata Data Extension Segment (Annexes A and B)
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e Accuracy summary statistics (Annex B)
e Optional error propagation data (Annexes A, B, C)

Table 12-1 HRE File Components Requirements

HRE Component NITF Image XML Shapefile |Comments
Header Segment | DES DES

Sub

header

& Data
File Header Required {1}
PIAPRD TRE Required {1}
Elevation Data Required {1}
Error Data Optional
XML Metadata Required {1}
Accuracy Summary Required {410 12}
Statistics
Shapefile Data Optional {Multiple sets may be

included.}

Error Propagation Data

to be included in XML DES metadata (O

tional, but recommended)

Region Definition by {1to N} Two alternate methods are
Polygons — Method 1 provided to define regions.
Region Definition per {1} {1} * They are mutually exclusive.
Post — Method 2
Accuracy Summary {(4 to 12)N} Summary statistics may
Statistics per Region optionally be defined for each
region.
Systematic Error per {1to N} Always included
Region
Cross Region {N/2 (N-1)} Included for 2 or more
Systematic Error regions.
Relative Error {2 to 2N} Always included. Relative
Covariance by error requires 2 covariance
Region matrices per region (U and V
directions)
Random Error Covariance — Method 1
Random Error {1to N}
Covariance per
Region
*
Eandom Error Scale {1} {1} Two alternate methods are
actor per Post . .

- provided to define random

Random Error Covariance — Method 2 !
- error covariance terms. They

Raf?dom Error {1 {1 are mutually exclusive.
Variance Terms per
Post
Random Error Cross {1} {1} *

Correlation Terms
per Post

* Error components stored in NITF image segments are always also referenced in the XML metadata.
NOTE: Item in brackets refers to number of instances in the file. “N” refers to the number of the regions

defined.
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Optionally the NITF file may contain Error data associated with the elevation data. These
include Error propagation region point-by-point values, Error propagation random error point-by-
point scale factor values, Error propagation random error point-by-point covariance values, and
Error propagation random error point-by-point correlation coefficient values. For each of these
data types the NITF file will contain:

e Image Subheader for Error Data type
o Error Data

One image segment containing the elevation data is always present in an HRE NITF file. When
error propagation metadata is included, the NITF file may contain 1, 2 or 3 additional image
segments. One of these image segments may contain region definitions per post, dependent on
the method used to define the regions. Additionally, when error propagation data is included,
image segments (one or two) will be used to capture the random error per post. If the scale
factor method is used for the random errors, this will consist of one image segment.
Alternatively, the random errors could be expressed with one image segment for random error
variance terms and a second segment for the cross-correlation terms. So, a complete HRE
NITF file will contain from one to four image segments.

The detailed specifics of the encapsulation of this Error data into NITF are referenced in Annex
A.

When possible, systems (i.e. mission planners, targeting systems, etc.) using this data should
make use of the errors / uncertainty, to provide some estimation of the risk. In addition, this
information could be used for weighting, when combining multiple datasets in one area.

In addition to the above NITF structures the following inclusions into the dataset are dependent
on product specific guidance:

e Shapefile Data Extension Segments (Annex A)

Multiple types of ancillary shapefile data may be included in the HRE NITF datasets. Specific
content and structure will be defined in the unique product specific guidance documentation.
Shapefiles would typically be used to delineate water bodies, void areas, alternate source fill, or
known anomalous data.

12.2. Data Compression

Compression of HRE datasets may be desirable; however current compression capabilities
typically do not work well on raster elevation data sets. Consequently compression is currently
not implemented for HRE data. Data compression may be adopted when suitable compression
techniques are developed. The allowed codes for the NITF Image Segment Subheader Image
Compression (IC) field are NC and NM. Use the code NM when a pad pixel mask table is
included following the Image Segment Subheader. If no compression is applied use code NC.

12.3. File Size Estimates
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HRE datasets have a recommended maximum elevation data size of 200 Mega bytes (MB).
This size is recommended with the intent to limit network resources needed for electronic
distribution. Table 12.2 Elevation Data File Size Estimates displays approximate limits for
square shaped matrices (rows and columns with same counts). The elevation data size shall be
reported in the NITF File header field LIO01 and the row and column counts are reported in
NROWS and NCOLS fields in the Image Subheader. The HRE NITF files themselves may be
larger than these elevation data estimates when accompanied by a full set of Error data,
shapefiles and metadata.

Table 12-2 Elevation Data File Size Estimates

Area (sq Size

GSD Rows/Columns km) (MB)
HREGP 12 10200 14981 198.44
HRES80 8 7200 3317 197.75
HRE40 4 7200 829 197.75
HRE20 2 7200 207 197.75
HRE10 1 7200 51 197.75
HREO5 0.5 7200 12 197.75
HREO2 0.25 7200 3 197.75
HREO1 0.125 7200 1 197.75

12.4. Tiling

This HRE Profile does not require a specific collection tiling scheme for HRE products.
Collection tiling is described in the International Elevation Surface Model (ESM) standard. A
collection tiling scheme is one that is defined after the datasets are encoded into format files
(e.g. NITF for HRE). Collection tiling is not to be confused with ‘format’ tiling (i.e. blocking) within
the NITF file.

In the metadata associated with each HRE NITF file in a tiled collection, identification of the tile
that contains the HRE NITF file is required (see Table B.1). A separate metadata set is required
for description of the tiled collection. The collection metadata will include an additional element
that references the tiling scheme documentation where the tile dimensions and identification
mechanism are described.

13. Security

HRE data shall comply with all DOD data security classifications and markings directives as
specified in US Code Title 50, the National Security Act of 1947, NSG Directive FM1100, and
Executive Order 12958.

Individual HRE data and supporting files may have different security classifications and

markings but when provided as one dataset or combined, the results shall be marked with the
highest security level of the individual datasets.
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14. Metadata

14.1. General
Details for metadata content are found in Annex B Metadata Specification

Metadata may be associated with elevation data in several ways:
e with an elevation collection or series;
e with a single fundamental elevation dataset;
e with particular regions of a dataset or with some other grouping of dataset elements;
e with individual elevation points.

The description of metadata is hierarchical, so that any metadata element at a higher
association level applies unless superseded by more detailed metadata at a lower association
level.

14.2. Metadata uses

Among the fundamental purposes for compiling and maintain metadata, two are of particular
relevance for this profile. They are:

e To assist users in discovering and obtaining elevation data sets that may be capable of
supporting their applications for elevation data;
e To assist users in exploiting elevation data sets once obtained.

14.3. Metadata Data Types
Listed below are the metadata data type definitions.

Boolean

truth Enumeration whose domain of values is { TRUE, FALSE }, representing the true and false
values in a two-valued logic system

CharacterString
character string with optional character encoding and localization attributes

Codelist

value domain including a code for each permissible value

NOTE It is an open Enumeration that may be extended during system runtime by adding
additional named literal values.

Date
indication of date expressed as a year, year-month, or year-month-day

NOTE As specified by ISO 8601.
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DateTime
indication of time expressed as a year, year-month, year-month-day, or year-month-day and
time of day
NOTE As specified by 1SO 8601.
Enumeration
data type whose instances form a finite list of distinguished values

NOTE 1 The extension of an Enumeration type implies a schema modification.

NOTE 2 An Enumeration should be used only when it is clear that there will be no
extensions, otherwise a Codelist should be used.

Integer

whole number (a number that does not have a fractional part)

Real
number that is either rational or irrational

URI

CharacterString containing a Uniform Resource Identifier corresponding to the World Wide Web
Consortium (W3C) recommendation

URL

CharacterString containing a Uniform Resource Locator corresponding to the W3C
recommendation

14.4. Metadata modules

Elevation Data Accuracy Summary Statistics for HRE Products

This section describes the minimum accuracy related metadata elements to be reported for
every HRE Standard dataset.

The HRE NITF file will contain XML metadata in a DQ_DataQuality module for the following
values and the data vendor is required to provide the following values and store them in the
HRE Standard product metadata for all HRE standard products (HREGP and HRES8O thru
HREOL):

e Predicted / vendor measured Absolute Horizontal Accuracy (CE90ags pre)
e Predicted / vendor measured Absolute Vertical Accuracy (LE9O0ags, pre)
e Predicted / vendor measured Relative Vertical Accuracy (LE9Org. pre)

e Predicted / vendor measured Random Vertical Error (Ov pre)
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Please note that these required reported values are to be representative of the entire dataset
and not relate to a specific sub-cell, sub-section, or region. However, the file format does
support the storage of these values on a per region basis when this information is available.

For HRE20 thru HREO1, the following values (in addition to the above values) are also required
to be provided by the data vendor in the HRE Standard product metadata and stored in a
DQ_DataQuality module:

e Predicted / vendor measured Random Horizontal Error (Oy pre)

e Predicted / vendor measured Relative Horizontal Accuracy (CE9OggL pre)

Although random horizontal and relative horizontal values are not required for HREGP and
HREB80-40, they can (and should) be reported if they were measured or if representative
predictive values are available.

The HRE NITF file XML metadata will contain additional record sets of DQ_DataQuality modules
that apply to the entire DEM if the dataset has been tested (by NGA or others) for validation.
When tested, the following fields will be populated for all HRE standard products (HREGP and
HRES8O0 thru HREO1):

e NGA measured / validated Absolute Horizontal Accuracy (CE90ags val)
e NGA measured / validated Absolute Vertical Accuracy (LE90ags val)
e NGA measured / validated Relative Vertical Accuracy (LE9OggL val)

e NGA measured / validated Random Vertical Error (Ov val)

NOTE: If similar values have been created on a per region level, these can be reported and stored in
the metadata. However, these values are not required by the Implementation Profile for High Resolution Elevation
(HRE) Products.

The goal of this section is to provide the team testing the data (NGA or others) a place to report
summary results of their evaluation of the dataset. These fields will provide the user with the
information required to determine if a dataset (or region in some cases) accuracy can support
certain critical applications. The absence of these fields would indicate to the user that the
dataset was not tested against ground truth.

When HRE20 thru HREO1 are evaluated, the following values (in addition to the above values)
will also be recorded in the metadata:

e NGA measured / validated Random Horizontal Error (O val)
e NGA measured / validated Relative Horizontal Accuracy (CE9OgrgL vai)

If possible, these values should be provided when assessing HREGP and HRE80-40. However,
this will not always be possible.
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reporting requirements:

Table 14-1 HRE Accuracy Metadata Reporting Requirements

Required for all
HRE Datasets,

Required for HRE20
thru HREO1 and

HREGP and reported for all HRE
HREBS8O thru levels if measured
HREO1 or predicted by
Source Accuracy Value vendor
Predicted / vendor measured Absolute Horizontal v v
Accuracy (CE90pgs pre)
Predicted / vendor measured Absolute Vertical v v
= Accuracy (LE90ags pre)
(]
o Predicted / vendor measured Relative Vertical v v
3 Accuracy (LE9Oget pre)
o
= Predicted / vendor measured Random Horizontal v
[e] .
T Error Per Point (Oy pre)
§ Predicted / vendor measured Relative Horizontal v
Accuracy (CE9OggL pre)
Predicted / vendor measured Random Vertical v v

Error (Ov pre)

Table 14-2 HRE Accuracy Metadata Reporting Requirements if dataset accuracy is tested

Required for all
HRE Datasets,
HREGP and
HRES8O thru
HREO1, if dataset

Required for HRE
20-01 if dataset
tested by NGA and
reported for all HRE
levels if measured

Source Accuracy Value tested by NGA
NGA measured / validated Absolute Horizontal v v
Accuracy (CE90ags va)
NGA measured / validated Absolute Vertical v v
Accuracy (LE9Oags var)
©
3 NGA measured / validated Relative Vertical v v
S Accuracy (LE9Ogg va)
o
o NGA measured / validated Random Horizontal v
§ Error (Ou.va)
NGA measured / validated Relative Horizontal v
Accuracy (CE9Ogg, va)
NGA measured / validated Random Vertical Error v v

(Ovva)
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Per Point Error Estimate

The use of high resolution elevation data for tasks that require a specified level of geolocation
accuracy necessitates the inclusion of data to estimate geolocation errors anywhere within the
elevation data coverage area. To support this need, this document proposes a new error
metadata storage scheme within the NITF file using a series of DQ_DataQuality modules in
conjunction with a series of NITF image segments. This error storage scheme provides the
uncertainty data needed to compute estimated horizontal and vertical errors (both absolute and
relative) for each point in the associated high resolution elevation image segment. This is
accomplished by defining the fields needed to specify the covariance data for an accompanying
data set. Standard error propagation techniques (i.e., linear combinations of Gaussian random
variables) may then be used to compute a unique 3 by 3 covariance matrix for each point in the
data set.

The metadata required to generate the per point error estimates consists of several sections.
First, it consists of the definition of regions within which, uniform systematic errors are expected.
Second, the information required to develop a 3x3 covariance matrix for the systematic errors
within a region is stored along with the information necessary to develop the cross correlation
between regions. Finally, the metadata required to build the 3x3 covariance matrix of random
errors per point is stored. These individual pieces are then combined and exploited to
determine the predicted errors at a single point or between a series of points.

This predicted error metadata is not required for HRE datasets. However, as mentioned above,
as the exploitation capabilities on HRE datasets continue to expand, the necessity for such error
prediction capabilities increases. For detailed guidance on the storage and exploitation, refer to
Annex C (HRE Metadata in Support of Error Propagation).
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ANNEX A — HRE NITF File Format (Normative)

A.1 Introduction

A.1.1 Overview

This annex specifies the requirements for formatting High Resolution Elevation Data (HRE)
within a National Imagery Transmission Format (NITF) file. This includes the NITF File
Header format, the NITF Image Segment format for containing HRE elevation data and
related error propagation data, and the NITF Data Extension Segment (DES) format for
metadata describing the HRE dataset. (See Figure A-1).

A.1.2 Metadata Overview

Metadata embedded within the HRE NITF file provides information about the organization,
content, and structure of the NITF file, and information about the elevation data, to include
data about the sensor that captured the elevations, support information about the elevations,
and a host of other values. The main purpose of this annex is to describe the NITF file
formatting required for specifying High Resolution Elevation Data (HRE). This includes
specifying NITF header, sub-header, and Data Extension Segment (DES) field values, and
the elevation data, error propagation data, and metadata (XML-formatted) contained within
the NITF file structure. For convenience, this document contains excerpts and tables from
standards documents (MIL-STD-2500C for example) so that referencing these documents
can be kept to a minimum. For implementation of this profile, all documentation should be
reviewed for accuracies before proceeding.

A.1.3 Coordinate System

A.1.3.1 Ground Space

Ground space coordinates expressed in the NITF Image Segments and Data Extension
Segments are referenced to the World Geodetic System 1984 (WGS-84) coordinate system.
Per the HRE specification, the coordinate references are expressed in decimal degrees as
a bounding 4-point polygon. However, the Image Geographic Location field (IGEOLO) in
the NITF image subheader indicates only the approximate geographic location of the
image to only 3 decimal places, and is not intended for analytical purposes and only
intended to support general user appreciation for the image location for such things as
file cataloguing and discovery as used in libraries and repositories not capable of reading
metadata store in the Data Extension Segment. For more precise understanding of the
image location for use for analytical purposes the user should use the associated image
location information maintained within the Data Extension Segment as the ground space
coordinates and coordinate reference system for the actual elevation postings is identified in
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the XML_DATA_CONTENT DES using the metadata as specified in Table A-9
XML_Data_Content DES Subheader or in section Annex B. Note: the reliability of the
IGEOLO becomes less effect the more accurate the HRE product, because of the lack of
precision allowed in the IGEOLO field.

A.1.3.2 Image Space

Image (elevation post) space coordinates are defined in the NITF row and column
coordinates indexing system. When the row/column coordinate system is positioned such
that the origin (0,0) of the array is at the upper left, the integer or integral image space
coordinates associated with a single cell are assigned to the upper left corner of the cell.
The corresponding geospatial coordinates are associated with the center of the cell (e.g. cell
index 0.5,0.5 for the origin cell) , for the purposes of this specification. This reflects the value
is point case (vice the value is area case) applicable to elevation postings. Note, for general
NITFS the IGEOLO location point of the geographic information is not directed in the
standards. Hence, some applications could interpret the values stored in the IGEOLO to a
point on the pixel other than the center point and adding to inaccuracies for the image
location when using IGEOLO data.

A.2 Terms and Definitions

A.2.1 NITF References

NITF field format definitions were extracted from the NITF Version 2.1 (MIL-STD-2500C 1
May 2006). The Compendium of Controlled Extensions for the National Imagery
Transmission Format Volume 1 (STDI-0002-1) Tagged Record Extensions defines the
PIAPRD Tagged Record Extension (TRE) used with HRE data. Volume 2 (STDI-0002-2)
Data Extension Segments defines both the XML_DATA_CONTENT Data Extension
Segment (DES) and the CSSHPA Data Extension Segment (DES) optionally used with HRE
data.

A.2.2 Field Format Definitions

Basic Character Set (BCS) -

A subset of the Extended Character Set (ECS). The most significant bit of the BCS character
is set to 0. The range of valid BCS characters code is limited to 0x20 to OX7E plus line feed
(Ox0A), form feed (0x0C), and carriage return (0x0D).

Basic Character Set-Alphanumeric (BCS-A) —

A subset of the Basic Character Set. The range of allowable characters consists of space
through tilde (codes 0x20 through Ox7E); and line feed, form feed, and carriage return (Ox0A,
0x0C, and 0x0D).
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Basic Character Set-Numeric (BCS-N) —

A subset of the Basic Character Set-Alphanumeric. The range of allowable characters
consists of minus through the number “9”, BCS codes 0x2D through 0x39, and plus, code
O0x2B.

BCS Space -
BCS code 0x20.

Extended Character Set (ECS) —

A set of 1-byte encoded characters. Valid ECS character codes range from 0x20 to Ox7E,
and OxAO to OxFF, as well as Line Feed (0x0A), Form Feed (0xOC) and Carriage Return
(Ox0D). The ECS characters are described in Table B-1. As an interim measure, because of
inconsistencies between standards, it is strongly advised that character codes ranging from
O0xAO to OxFF should never be used. Therefore, the use of ECS characters should be
restricted to its BCS Subset.

Field structure and default values. The NITF uses byte counts to delimit header fields, as
opposed to special end-of-field characters or codes or direct addressing. These counts are
provided in the tables detailing the NITF header and subheader field specifications. All data
in fields designated “BCS-A” shall be left justified and padded to the right boundary with BCS
spaces. All data in numeric fields (BCS-Numeric (BCS-N)) shall be right justified and padded
to the left boundary with leading zeros. Where a BCS-N field allows a plus sign (code 0x2B)
or a minus sign (code 0x2D), it is the left most character of the integer value. The standard
default value shall be spaces for alphanumeric fields and zero for numeric fields. For a few
fields, a specific default may be indicated in the field description. In this case, the field
description shall take precedence. All header and subheader fields contained in a NITF file
shall contain either meaningful data (that is, data in accordance with the restrictions
specified for the contents of the field in this document) or the specified default value.

A.2.3 Field Type Definitions

Required (R)
Designates a NITF header or subheader field that must be present and filled with valid data.

Conditional (C)

A state applied to a NITF header or subheader data field whose existence and content is
dependent on the existence and/or content of another field.
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<R>or <C>
BCS Spaces allowed for entire field when no specific default value is specified.

[PSG]
PSG designates a NITF header or subheader field for which ‘production-specific guidance’
for population of the field will be provided by the HRE production sponsoring activity.

A.3 High Resolution Elevation Product Format

A.3.1 High Resolution Elevation Product Format Overview

High Resolution Elevation data is a product consisting of elevation data and associated
metadata.

A.3.2 HRE NITF File Contents

The following diagram (Figure A-1) provides an overview of the NITF structure of an HRE
product in block format. Subsequent sections provide further clarification of the format
including NITF TRE(S).

| 1
I
NITE X : Data
File EoH Image Extension
Header D Segments o o0 o0 o Segments
1
[
o
Quired Required Optional Optional Optional Optional Required Opti
P
Header | ! Image DTEM Image Region Image Scale Image RE Image RE DES DES
Data A Sub Height Sub Data Sub Factor Sub Sigma Sub cc XML Shape
P Header Data Header Header Data Header Data Header Data Content Data
R For For For For For Data
D DTEM Regions Scale Random Random
Heights Factors Error Error
Sigmas Corr Coefs
| Header DTEM Post | Region by post | Random Error | Random Sigmas Random Correlatio | XML | Shape \
Height Scale Factors Coefs Data Data
by post

I:l - Segment Data I:I - Metadata

The HRE product contains a single image segment with elevation data and from one to three
optional support image segments for rigorous error propagation metadata. Random error metadata
provided in image segments is accomplished by using either random error scale factors by post or
random error sigmas (standard deviation) and random error correlation coefficients, but not both.

Figure A-1 Diagram showing NITF HRE File Format
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A.3.3 TEM Post Height and Optional Error Propagation Image Segment Layout

Figure A.2 describes the storage layout of the DTEM Post Heights and optional rigorous
error propagation image segments associated with DTEM posts (See Tables A-5 to A-8,
Annex B.2, and Annex C). These values (when present) will be stored as separate image
segments (DTEM Post Heights, Error propagation region post-by-post values, Error
propagation random error post-by-post scale factor values, Error propagation random error
post-by-post covariance values, and Error propagation random error post-by-post correlation
coefficient values). Additional required metadata is supplied in the NITF
XML_DATA_CONTENT DES.

HRE NITF file
NITF Image Image Data components
Header || Segments i d i Segments | | Extension
Segments
Image Image |Per Pos} Image * Per Image *Per
mmage sub- | post | SUb- |Scale |Sub- | Post |gy,  [Post  |DESs
Sub- DTEM | | eader Region Header |Factor | Header | Covar Header |Coefs |For
Header ::O.Sth For Data For Data | For Data For Data XML
For eights| Fields | E™ Prop|Fields | Random | Fields | Random |Fields |And
DTEM Eatlz Prop Scale Error Error Shape
P.O.St. A lelds Regions Factors Covar Coefs
T 3 Bands 3 Bands
Post Post Post Region | Region Region Scale Scale Scale
Height 1 | Height 2 | --- | Height N Postl [Post2 | --- | PostN Post 1 Post 2 -+ | PostN
Stored as 32 bit real numbers Stored as 8 bit integers Stored as 32 bit real numbers

NOTE: Asterisk (*) indicates the additional optional two image segments needed to specify the post-by-post
random error covariance matrix elements. These are each 3-band image segments. One image segment
consists of the three diagonal term standard deviations, stored as 4-byte real numbers So, a given band
within a segment contains values representing a specific location within the covariance matrix, for example
the o, location. The other two bands permit storage for o, and c,. The second image segment of the set
consists of the three off-diagonal correlation coefficients, stored as 1-byte integers. A given band then
represents a specific off-diagonal term, oy, ©y,, Or G,.

Figure A-2 Diagram indicating potential image segment components for the HRE
product
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Table A-1 shows how the NITF File Header shall be populated during the creation of the
HRE product. The table provides details for populating header fields and places HRE-
specific constraints for use of NITF (e.g. tighter value range constraints and obligations than
allowed in the NITF standard). In some instances, the desired field value is not known until
a data production order or plan is in place. Those fields for which Production Specific
Guidance (PSG) is anticipated are designated with the letters ‘PSG’.

Table A-1 NITF File Header Format for NITF 2.10 images

(Type “R"=Required, “C”

Conditional, “<>" BCS Spaces allowed for entire field)

FIELD NAME SIZE VALUE RANGE TYPE COMMENTS

FHDR File Profile 4 BCS-A R Data written in NITF
Name NITF format.

The valid value
for this field is
NITF.

FVER File Version 5 BCS-A R Data written in NITF
The valid value 02.10 version 02.10 format.
for this field is
02.10.

CLEVEL Complexity 2 BCS-A R Primarily related to the
Level 03to 09 number of DTEM posts.
The complexity This is based on a value
level required to derived from
interpret fully all Table A-11.
components of
the file.

STYPE Standard Type 4 ECS-A R NITF version 02.10 is
Standard type BFO1 intended to be registered
or capability. as a profile of ISO/IEC
BFO1 indicates 12087-5.
that this file is
formatted using
ISO/IEC IS
12087-5.

OSTAID Originating 10 ECS-A R Organization responsible
Station ID for producing the final
Identification data file.
code or name of
the originating
organization,
system, station,
or product.

FDT File Date & 14 BCS-N R Date and time of the
Time CCYYMMDDhhmmss creation of the HRE file.

The date and

time (UTC) of Format:
the file’s CCYYMMDDhhmmss
origination.
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FIELD NAME SIZE VALUE RANGE TYPE COMMENTS

FTITLE File Title 80 ECS-A R “HRE High Resolution
This field HRE High Resolution Elevation Data [PSG] Elevation Data
contains the title HRErrtvwDDMMSShDDDMMSSe_cxx.hrf HRErrtvwDDMMSShDDD
of the file. MMSSe_cxx.hrf “

This is the file name as
defined in Section 11.1.

FSCLAS File Security 1 ECS-A R For fields FSCLAS
Classification T,S,C,R,oruU [PSG] through FSCTLN,

This value consult Production
contains a valid Specific Guidance (PSG)
value for applicable security
representing the field population values.
classification

level of the

entire file.

FSCLSY File Security 2 ECS-A <R> Refer to MIL-STD-2500C
Classification us [PSG] | for general description of
System these fields. Consult
This field shall Note: this field may contain two space current security
contain valid characters when the FSCLAS value is guidelines at the time of
values ‘U production to determine
indicating the proper markings.
national or
multinational
security system
used to classify
the file.

FSCODE File Codewords 11 ECS-A <R> Consult current security
This field shall [PSG] guidelines at the time of
contain a valid production to determine
indicator of the proper markings.
security
compartments
associated with
the file

FSCTLH File Control and 2 ECS-A <R> Consult current security
Handling [PSG] | guidelines at the time of
This field shall production to determine
contain valid proper markings.
additional
security control
and/or handling
instructions
(caveats)
associated with
the file.

FSREL File Releasing 20 ECS-A <R> Consult current security
Instructions [PSG] guidelines at the time of
This field shall production to determine

contain a valid
list of country
and/or
multilateral
entity codes to
which countries
and/or
multilateral
entities the file
is authorized for
release.

proper markings.
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